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Item 0 WELCOME AND OPENING REMARKS
Dr U. Kamachi Mudali, Chairperson of MTD 24 committee welcomed the members of the committee and appreciated the interest shown by them in the work of committee and their contribution to the national standardization effort. He also requested all the members to participate actively in the meeting and complete the work allotted to them adhering to the time norms. He also requested members that if possible try to attend the future meeting in physical mode whenever scheduled. 
Member secretary expressed gratitude towards VJTI, Mumbai for hosting the 23rd TC meeting of MTD 24. He informed committee members about the latest initiatives taken by BIS, participation of committee members in activities of ISO, instructions from BIS management for structural reforms in TCs and active involvement of corrosion protection industry in the committee.
Item 1 CONFIRMATION OF MINUTES OF THE LAST MEETING
The committee has confirmed the minutes of 22nd TC meeting of Corrosion Protection and Finishes Sectional Committee, MTD 24 held on 05th May 2024.
[bookmark: _heading=h.30j0zll][bookmark: _Item_2_SCOPE]Item 2 SCOPE AND COMPOSITION OF COMMITTEE
2.1 The committee noted the information given in item no 2.1 to 2.4 of the agenda.
2.2 Following requests have been received through email to BIS for association with the committee:
	Sl No.
	Organization
	Description of Request
	Decision of the committee

	1) 
	Spanish Waterproofing (I) Pvt Ltd- Shri Shilpam Vaid
	User of bitumen tapes. Requested to co-opt in the panel/working group on bitumen.
	The committee decided to co-opt Shri Shilpam Vaid - Spanish Waterproofing (I) Pvt Ltd. in the working group on bitumen.

	2) 
	MK Petro Products India Pvt. Ltd. – Shri Rishabh Jaini
	Requested to co-opt in the panel/working group on bitumen
	The committee decided to co-opt Shri Rishabh Jaini - MK Petro Products India Pvt. Ltd. in the working group on bitumen.

	3) 
	Shivam Tar Products – Shri Padma Kumar
	Requested to co-opt in the panel/working group on bitumen as well as in the committee.
	The committee decided to co-opt Shri Padma Kumar - Shivam Tar Products in the working group on bitumen.

	4) 
	SMC Infrastructure  - Shri Kishor Herwadkar 
	User of bitumen tapes. Requested to co-opt in the panel/working group on bitumen.
	The committee decided to co-opt Shri Kishor Herwadkar  - SMC Infrastructure  in the working group on bitumen.

	5) 
	Tiki Tar Danosa India Pvt. Ltd - Shri	Piyush Kumar Bhimani
	Requested to co-opt in the panel/working group on bitumen.
	The committee decided to co-opt Shri	Piyush Kumar Bhimani - Tiki Tar Danosa India Pvt. Ltd. in the working group on bitumen.


2.3 The committee has set up a new working group, description is as follows:
Scope of work: Development of working draft on 'Coating and Wrapping of Underground Mild Steel Pipelines: Bituminous Hot Melt Enamel Coatings' and 'Coating and Wrapping of Underground Mild Steel Pipelines – Specifications: Preformed Bituminous Wrapping Tapes' and recommendation to committee. Provide clarification of comments/queries on the draft.

Timeline: 1 month (21 September to 21 October 2024) 

Composition:
1. Dr G Gunasekaran – NMRL (Convenor)
2. Smt. Maushumi – ONGC
3. Shri Shilpam Vaid – Spanish Waterproofing (I) Pvt Ltd
4. Shri Rishabh Jaini – MK Petro Products India Pvt. Ltd.
5. Shri Padma Kumar – Shivam Tar Products,
6. Shri Kishor Herwadkar – SMC Infrastructure.
7. Piyush Kumar Bhimani – Tiki Tar Danosa India Pvt. Ltd.
8. Shri Arham Rahman – IWL India Pvt ltd.
2.4 The committee decided to remove the following organization from Panel 1 on Corrosion Protection of Pipelines
1) M/s Bhotika Pipeline Services Co Pvt Ltd, New Delhi
2) M/s Corrtech International Pvt Limited, Ahmedabad

2.5 The committee decided to remove the following organization from Panel 5 Electroplated coatings
1) Graure & Weil (India) LTD
2) Ronuk Group
3) Daulat International 

Item 3 ACTION TAKEN REPORT
The committee considered the actions taken on the decisions taken during last meeting of the committee, as given at item no 3 of the agenda. After deliberation, the committee took following decisions:
	SI no
	Subject
	Decision of the committee in last meeting
	Action Taken

	1) [bookmark: bookmark=id.3znysh7]
	IS 7808 Code of Procedure for Conducting Studies on Underground Corrosion of Metals

	In the 18th meeting, the committee deliberated on the comments made by Dr Duari and decided to constitute a panel 10 of following members to go through the comments and suggest for issuing amendment/revision to the standard alongwith draft amendment/revision. 
The comments received from the panel was circulated to the committee members on 25.08.22 but we have not received any comments.
The committee after discussion and deliberation decided to revise the standard according the comments received send the same for wide circulation for the period of 30 days.
While processing the document, member secretary was unable to find the reference for the electrical conductivity values that are proposed to be incorporated in the standard.
Member secretary also felt that there is a need to incorporate the new soil map of India if it is available. Accordingly, member secretary has consulted Dr Duari for clarification. 
After the receipt of clarification, the document will be processed further.
 Meanwhile, following working draft is prepared by incorporating the comments:


The committee requested Dr Duari to give suitable reference for the electrical conductivity values that are suggested to be included in the standard. 
The committee requested to Dr Rakesh Barik to provide the latest data available on soil map of India and reference to electrical conductivity values of soil available with CECRI. 
Committee also advised member secretary to write a letter to following Institutes and get the corrosion maps available.
1. Indian Institute of Soil Science, Bengaluru
2. Geological Survey of India
3. Soil Research Institute, Mathura road, Delhi

Inquiry was sent through email dated 01/03/2024
Indian Institute of Soil Science, Bengaluru – Mr Tapan and Mr Narendra Lenka 
ICAR- National Bureau of Soil Survey and Land Use Planning Bengaluru, Delhi, Kolkata, Jorhat, Udaipur. 
regarding the data related to Corrosion Map of India.
No response is received.
The committee reconstituted the panel 10 as follows: 

1. Dr Gunasekaran – Convenor
2. Ms Maushumi Kakoti Talukdar- ONGC – Member
3. Dr Rakesh C Barik – CECRI – Member
4. Dr Buddhadeb Duari- Lalita Infraprojects  – Member 
5. Shri Lokesh Paliwal – TATA motors – Member

Committee advised the panel to discuss deliberately and prepare a document with available information and standard practices.
A 1st panel meeting was held on 13/07/2024.
Minutes: 
1. Data like corrosion map of India, air pollution levels, corrosivity values of particular locations, etc. should be omitted from the standard due to its dynamic nature. An annex can be included if necessary, however, incorporating data from specific locations that frequently changes is generally not recommended. In the view of this, the dynamic data should be deleted from the standard. Panel members were requested to identify such data from the drafts shared so that the same can be discussed in next meeting.
2. IS 7808 and IS 8629 Parts 1, 2, and 3 are codes of procedure standards that should encompass standard procedures followed within the Indian context. Any necessary modifications ought to be justified and referenced appropriately. These are old standards and needs to be verified thoroughly for latest practices.
3. The panel acknowledges the preliminary work previously mentioned by Dr Duari. However, it has been determined that a thorough discussion is necessary. Consequently, the panel has decided to resume work beginning with IS 8629 (Part 1) and will address the subsequent parts progressively.
4. It was learned that CECRI conducts the studies on corrosion of metals hence role of CECRI is crucial. Dr Barik was requested to go through the standard and share his comments that can be discussed in the next meeting.
5. Dr Jayant Saha may be invited to be a part of this panel as he has also worked in atmospheric corrosion area. MTD 24 Technical Committee may also be requested to reconstitute the panel 10 with serious members only. 
6. Shri Dushyant was asked to share the drafts of IS 8629 part 1, 2 and 3. (Attached herewith)
	The committee advised Panel   on Atmospheric corrosion to complete the task by 30th October. The panel may create milestones and decide their timelines to complete the tasks in planned manner. This is a long pending issue and hence should be addressed on priority.

	2) 
	Revision of IS 8629:1977 - Code of practice for protection of iron and steel structure from atmospheric corrosion. 
Part 1 – General Principles of corrosion and its prevention. 
Part 2 – Pretreatment 
Part 3 – Protective Schemes
	Dr Duari of Lalita infrastructure informed that the data has been provided by CECRI in which data for a few stations has been changed and incorporating these changes the document may be processed further. The committee after deliberation agreed that, since CECRI has suggested only a few changes in the data, the document incorporating the latest data provided by CECRI may be sent for WC after seeking comments from members.
On review of the revised standards it was observed that the changes have been made in few clauses and there is no change in major part of the standard which consists of 47 pages. Thus, on discussion with Dr Duari it was proposed to not revise the standard but to issue an amendment to the standard. 
The committee requested member secretary to prepare the document and send the document for Wide circulation for one month.
It was proposed to revise the standard with the changes approved by the committee and as the revised draft submitted by Dr. Duari.


The Committee after deliberation and discussion decided to send the draft standard for wide circulation for the period of one month after removing data mentioned in table 5 and 6. 
Meeting with Dr Duari and Dr Barik was held on 21/02/2023 to discuss the draft. 
Dr Barik has informed that there may be latest data available at CECRI. He requested 2-week time to check the availability of the data. He also kindly agreed to revise the standard based on the latest available data.
Dr Barik informed to committee that the data available is old from 2004 survey. After 2004, there was no any survey conducted. Hence, latest data is not available.  
ISO 12944 different parts may also be studied for this subject. 
It was also discussed that whenever there is a need of corrosion values of particular region, each project conducts its own study for corrosion values of the required site. Since, the corrosivity values change within some distance. Hence, the corrosion values indicated in standard are indicative and represents the general conditions at that particular region. Procedure is more important to conduct the studies. Emphasis should be given to procedure and whatever latest data available on soil corrosivity may be included in the standard.
Dr. Duari sent the comment received via email on 15/07/2024.

Comments were attached herewith: 
2nd panel meeting was held   on 18/07/2024. Dr Barik, Dr Duari and Shri Dushyant attended the meeting.
Dr Barik has suggested additions to the draft which he will share by 24/07/2024, which can be discussed in the next panel meeting.

Meanwhile members can suggest the following:
a. Clauses / tables which can be deleted.
b. Modification to clauses along with the reference.
c. Identify the dynamic data that can be deleted or put in annexure for reference.
d. Whether this standard should be limited to steel only or scope can be expanded to include more metals like aluminium. 
Dr Rakesh Barik shared a draft for IS 8629 Part 1. All the corrections are marked in blue color.
The draft attached herewith:



Draft was shared with panel members for their comments. Further discussion is needed.
	

	3) 
	MTD/24/21011
IS  5555: 1970
ISO 8565 : 2011
Code of procedure for conducting field studies on atmospheric corrosion of metals First Revision
	wide circulation of the document was done through standards portal on 06-09-2023 the document can be accessed at:
https://www.services.bis.gov.in/tmp/WCMTD11121011_06092023_1.pdf 
The 21st technical committee meeting decided to adopt IS 5555 : 1970 as ISO 8565 : 2011 and sent the document for wide circulation for one month.
Subsequently, the Member Secretary found that IS 5555 : 1970 should not be adopted as ISO 8565 : 2011, as IS 5555 is very comprehensive and detailed standard. The committee requested to again review IS 5555 : 1970 
Working draft attached herewith:


The committee requested Panel 10 to review the standard and give their recommendation.
Email was sent on 14/05/2024.
	The committee noted the suggestion by the member secretary and advised to drop the current ongoing document MTD/24/21011. This subject should be again reviewed by the Panel on atmospheric corrosion. 
Adoption of ISO 8565 should also be justified by the panel. 

	4) 
	IS 12753 : 1989
Electrogalvanized coatings on round steel wire - Specification
	The officer submitted the ARP through the portal which is placed below:


Remarks of MTD on the recommendation submitted in ARP: IS 4826 Specification for hot - Dipped galvanized coatings on round steel wires and IS 12753 cannot be merged since method of plating is different. 
Committee was also of opinion that IS 4826 and IS 12753 should be two separate standards and should not merged as recommended in ARP. 
Shri K Sridhar informed to committee that the ARP was circulated to members of ILZDA. No comments were received from the members. 
The committee requested Dr Tapan Kumar Rout to review the ARP report, which was submitted by Satyendra Kumar Pandey and provide their recommendations regarding IS 12753:1989.
Email was sent to Dr Tapan Kumar Rout on 14/05/2024.
	The committee requested Dr. Tapan Kumar Rout and Dr. A. N. Bhagat to take up the responsibility of the IS 12753 standard and give their recommendations for revision. 

	5) 
	MTD/24/21029
IS 6745 : 1972
Methods for determination of mass of zinc coating on zinc coated iron and steel articles (First Revision)
	The officer submitted the ARP through the portal and gave his recommendation.
The comment file attached herewith:


Request committee member to study ISO 7989-2 Steel wire and wire products Non-ferrous metallic coatings on steel wire Part 2: Zinc or zinc-alloy coating.
The committee requested to Dr Tapan Kumar Rout review the standard IS 6745 : 1972 and give their recommendation.
Email was sent to Dr Tapan Kumar Rout on 14/05/2024.
Inputs received from Dr tapan via email dated 19 Aug :
Zn-mass determination: My comment “DETERMINATION OF MASS OF COATING ON WIRE (BELOW 5 mm IN NOMINAL DIAMETER) BY VOLUMETRIC METHOD is of no use therefore it should be deleted from IS 6745 : 1972.
	The committee requested Dr. Tapan Kumar Rout,  Dr. A. N. Bhagat, Shri Rajeev K. and Dr Jayanta K Saha to convene a meeting and provide recommendation for revision. Member Secretary may arrange for a meeting. 


[bookmark: _Hlk143696283]
Item 4 DRAFT STANDARDS/AMENDMENTS FOR FINALIZATION 
4.1 The committee decided to send the followings documents to publication.
	Sl No.
	IS / ISO
	Title
	Decision of the committee

	1. 
	MTD/24/25740
(Revision of IS 1068/ ISO 1456)
(Amalgamation of IS 1068 : 1993 and IS 12393: 1988)
	Metallic and Other Inorganic Coatings Electrodeposited Coatings of Nickel, Nickel Plus Chromium Copper Plus Nickel and of Copper Plus Nickel Plus Chromium
	The document was sent for wide circulation for 1 month on 03/06/2024. No comments have been received in the said period.
The committee decided to send the document to publication stage.

	2. 
	MTD/24/25741
(Revision of IS 11268/ISO 2143)
	Anodizing of aluminium and its alloys Estimation of loss of absorptive power of anodic oxidation coatings after sealing Dye-spot test with prior acid treatment
	The document was sent for wide circulation for 1 month on 03/06/2024. No comments have been received in the said period.
The committee decided to send the document to publication stage.

	3. 
	MTD/24/25769
(Revision of IS 8602/
ISO 3613)
	Metallic and Other Inorganic Coatings Chromate Conversion Coatings on Zinc Cadmium Aluminium-Zinc Alloys and Zinc-Aluminium Alloys Test Methods
	The document was sent for wide circulation for 1 month on 05/07/2024. No comments have been received in the said period.
The committee decided to send the document to publication stage.

	4. 
	MTD/24/25739
(Revision of IS 3266/
ISO 27874)

	Metallic and Other Inorganic Coatings Electrodeposited Gold and Gold Alloy Coatings for Electrical Electronic and Engineering Purposes Specification and Test Methods
	The document was sent for wide circulation for 1 month on 15/07/2024. No comments have been received in the said period.
The committee decided to send the document to publication stage.

	5. 
	MTD/24/21005
(Revision of IS 6651)
	Specification for anodized aluminium for automobile use
	The document was sent for wide circulation for 1 month on 20/12/2022. No comments have been received in the said period.
The committee decided to send the document to publication stage.

	6. 
	MTD/24/21008
(Revision of IS 1067)

	Specification for electroplated coating of silver for decorative and protective purposes
	The document was sent for wide circulation for 1 month on 23/12/2024. No comments have been received in the said period.
The committee decided to send the document to publication stage.



4.2 The committee noted the information given in. 4.2 and 4.3 of the agenda. 
[bookmark: _heading=h.tyjcwt][bookmark: _Hlk143697541]Item 5 DRAFT STANDARD / AMENDMENTS FOR APPROVAL FOR WIDE CIRCULATION
The committee decided to send the following documents for wide circulation.
	Sl No.
	IS / ISO
	Title
	Decision of the committee

	1. 
	MTD/24/25073 

(Amalgamation of IS 1340 and IS 9839)
	Code of practice for chromate conversion coating on zinc and cadmium coated articles and zinc base alloys
	The document was sent for P Draft for 21 days on 15/03/2024. No comments have been received in the said period.

The committee decided to send the document for wide circulation of 1 month.

	2. 
	
	Specification for chromate conversion coatings on electroplated zinc and cadmium coatings
	

	3. 
	IS 10461(Part1) : 1994
	[bookmark: _GoBack]Resistance to Inter-Granular Corrosion of Austenitic Stainless Steels - Method for Determination - Part 1 : Corrosion Test in Nitric Acid Medium by Measurement of Loss in Mass (Huey Test)
	The document was sent for P Draft for 21 days on 03/06/2024. No comments have been received in the said period.

The committee decided to send the document for wide circulation of 1 month.

	4. 
	IS 2629
(Amalgamation of IS 2629: 1985, IS 6159: 1998 and IS 4759: 1996)
	Code of Practice for Process Design Testing and Application of Hot Dip Galvanizing of Iron and Steel - Part 1 : Batch Process
	The document was sent for P Draft for 30 days on 02/08/2024. No comments have been received in the said period.

The committee decide to send the document for wide circulation of 1 month.


	5. 
	IS 13677 : 1993 


	Electroless nickel - Phosphorus coatings - Specification
	There exists a similar ISO standard on electroless nickel phosphororus coating, ISO 4527 : 2003 
Metallic coatings — Autocatalytic (electroless) nickel-phosphorus alloy coatings — Specification and test methods.

Initial comparison between IS 13677 and ISO 4527 was provided by the member secretary. Committee requested Dr J N Balaraju- NAL to further study both the standards and provide a suitable recommendation. 

Dr J N Balaraju provided following recommendation:
“Details provided in the document: Comparison with ISO 4527 : 2003 is satisfactory. The ISO 4527 : 2003 document covers all the details provided in IS 13677 : 1993 and it is recommended.”

In the view of this, the committee decided to adopt ISO 4527 : 2003 for revision of IS 13677 and send the document for wide circulation of 1 month.


Item 6 DRAFTS UNDER PREPARATION
	SI no
	Subject Title
	Decision of the committee in last meeting
	Decision of the committee

	1. 
	IS 3618 : 1966
Specification for Phosphate Treatment of Iron and Steel for protection against corrosion
	Dr P.K. Bala, RDSO sent a comment on IS 3618 via email dated 26-10-2022.
The comment attached here.
[image: ]
A working draft has been prepared incorporating all the received comments. 
Clarification is sought for many clauses that need to be discussed. 
[image: ]
The committee suggested that more working group meetings are required for a discussion on the comments received regarding IS 3618.
It was discussed that phosphate coating is generally used in automotive and appliances industry. So, an expert may be included from that sector. Dr A N Bhagat and Dr Tapan Kumar Rout was requested to suggest an expert on ‘Specification for Phosphate Treatment of Iron and Steel for protection against corrosion’.
A research project ‘Study of methods of test for phosphate coatings for determination of characteristics of phosphate coatings on metallic substrate’ has been floated on BIS website. Data collected from this study will also be useful in revision of IS 3618. 
This standard can be revised after the study is received from R&D project ‘Study of methods of test for phosphate coatings for determination of characteristics of phosphate coatings on metallic substrate’

Project is awarded to NIT Jalandhar 
Project Lead: Dr Sumit Sharma,
Project code: MTD 0181 
Duration: 4 Months
Project start date : 25 June 2024
	The committee advised the member secretary to arrange a meeting with project leader Dr. Sumit Sharma from NIT Jalandhar to discuss the progress of the R&D project.
The committee also requested Dr Tapan K Rout - Tata Steel Limited (Jamshedpur)  and Dr P K Bala - RDSO to guide the project leader on the R&D project. 

	2. 
	IS 10493 : 1983 
Method for corrosion protection tests for temporary corrosion preventives.

	The committee deliberated on the comments made by Dr Duari and decided to constitute a panel. Panel 10 of following members to go through the comments and suggest for issuing amendment/revision to the standard along with draft amendment/revision. 
The comments received from the member was circulated to the committee members on 25.08.22 but we have not received any comments.
Recheck Clause 8.1 Sulphur dioxide test (IP test)  
Remarks of the member secretary need to be clarified.


The committee advised member secretary to contact Mr Sudhakar Bonde - Subodh Technology Navi Mumbai and seek their comments on the draft IS 10493
Mr Sudhakar Bonde shared his inputs on IS 10493 which is as follows:
“I referred cross specification like IS 1448 also I found the draft fit for the purpose.
My suggestion: We should have control specimen for each type of material readily available.”
The committee requested Panel 10 to review IS 10493 : 1983 and give their recommendation.
Email was sent to panel 10 on 14/05/2024 and 23/07/2024.
	The committee advised the member secretary to contact TCR Engineering Services Private Limited, Navi Mumbai, regarding IS 10493.

	3. 
	IS 8221
Code of practice for corrosion prevention of metals and metal components in packages.
	The panel has provided the following remark


The comments received from the member was circulated to the committee members on 25.08.22 but we have not received any response.
Some withdrawn standards have been referred in the draft. Alternate standards need to be identified.


Panel was again requested to study the comments and replace withdrawn standards with necessary latest Indian Standards.
Suprabha protective products pvt ltd should be contacted and comments should be requested from them on IS 8221.
The last reminder mail was sent on 03/04/2024 to Suprabha Protective Products Pvt Ltd.
Recommendation was awaited.
The committee requested Panel 10 to review the IS 8221 : 1976 and give its recommendation.
Email was sent to panel 10 on 14/05/2024 and 23/07/2024.
	The committee advised member secretary to seek comments from from Mr. P.K. Mathew, CEO of Cortec Corrosion Solutions India, Pvt. Ltd. (Bangalore,. India) on revision of IS 8221. 

	4. 
	IS 9077 : 1979 
Corrosion protection of steel reinforcement in RB and RCC construction

	Dr Rajeev Kandhari’s comment on IS 9077 via email dated 02/08/2023 is placed below:


Following are the comments from Dr J K Saha and Shri Rajeev Kandhari as per the discussion held on 23/11/2023 :


The committee reconstituted the existing working group:
1) Dr Jayanta K Saha
2) Dr V. Saraswathy - CECRI
3) Dr Rajeev Kandhari – Galbro Ispat Galvanizers pvt ltd
4) Dr G. Pillai- IIT Madras
5) Dr Durvesh 
6) Expert to be recommended by Dr A N Bhagat and Dr Tapan Rout

De Jayanta K Saha informed the committee that in IS 9077 there are some points that are to be addressed with civil engineering background for IS 456 and concrete grades.
Dr A N Bhagat commented that sacrificial cathodic protection technique should also be included in the draft. The working group members were requested to discuss the same and provide recommendation.
The committee decided to appoint Dr Radhakrishna Pillai from IIT Madras as the working group convener.
Committee advised the working group to review the document.
Email was sent to panel 10 on 07/08/2024.
Inputs received from Dr Tapan vide email dated 19 Aug :
Expert names for RCC:  
(a) Dr Ganesh Kumar Sahu, Chief Scientist, Bridge Engineering and Structures, CSIR-CRRI, 
(b) Prof. P. Dinakar, Professor, IIT-Bhubaneswar; 
c) Dr. Ramakrishna GUDIMELLA gramakrishna@ptuniv.edu.in; Pondicherry University;  
d) G. RAMESH;  Phone No.91-44-22549152 Principal Scientist Fax No.91-44-22541508; CSIR-Advanced Concrete Testing Evaluation Laboratory
e) School of Infrastructure; Chennai ;

	The committee advised the working group to address the issue as soon as possible and recommend a working draft for revision of IS 9077.


	5. 
	IS 10221 : 2008
Coating and wrapping of underground mild steel pipelines - code of practice
	Letter dated 14th June 2022 received from IWL on inclusion of prefabricated tapes based on bitumen for wrapping, coating of buried MS pipelines as per IS 10221.


It was decided that IWL should submit a draft proposing the changes. The same will be discussed in next panel meeting. 
Committee advised M/s IWL to identify Manufacturers and users of prefabricated bituminous tapes. 
A meeting should be organised with these industries and need of standard can be established.
[bookmark: bookmark=id.2s8eyo1]IS 10221 should be studied along with IS 15337 since it is a product specification which is also referred in IS 10221.
Dr Tapan Rout has suggested that material of the pipes should also be clearly mentioned in the standard as the standard should address the compatibility of the tape material and pipe material. 
Manufacturers of bituminous tapes – M/s IWL was also invited to the meeting to appraise the committee about their concerns. They shared that bitumen tapes are being used in corrosion protection of water pipelines, fire fighting equipment’s, irrigation sectors, etc. They requested the committee to include IWL to the working group or panel being formed to develop the standard. They have also suggested that users of bitumen tape should also be a part of the working group. 
After the deliberation, committee advised member secretary to conduct a special stakeholder meeting with all the stakeholders like manufacturers of coal tar and bituminous tapes, users, govt bodies and test labs to collect the views from each sector on developing the standard.  
Potential experts for the development of the standard need to be identified and placed before the committee so that committee can form a working group for the same. 
Stakeholder consultation meeting for development of comprehensive standards for preformed bituminous tapes within the Indian standards framework was conducted on 11 Jan 2024. Summary of the discussion link given below for your reference. 
https://docs.google.com/document/d/1nWUDP2T4S6dFQi8_Lr6jm5m2PXo0El2A/edit?usp=sharing&ouid=102909214286571029063&rtpof=true&sd=true 
Committee noted the summary of stakeholder consultation and came to conclusion that since there was no sustained opposition to formulation of the standard on preformed bituminous tapes. The draft standard along with relevant reference to national and international standards or established technical publications should be submitted. If reference is not available then proposer or any other industry/lab can provide the supportive test data for that parameter. R&D provisions laid by BIS can also be exercised if need arises.

Shri Arham Shafiq Rahman – IWL shared test reports on preformed bitumen tapes for the tests mentioned below via email dated 11/06/2024.
1. Thickness of the Tape 
2. Softening Point
3. Tensile Strength 
4. Peel Strength 
5. Dielectric Strength (Electrical Strength)
6. Water Absorption (%)
7. Microbiological Degradation of Bitumen tapes _ (Technical paper, Pg 8706, Lines 12 to 18)
8. Degradation by UV for Bitumen Tapes (Clause 4 - Conclusions)
9. Corrosion Resistance - Performance Certificates attached 
(Test reports can be made available to members on consent from M/s IWL) 
Shri Arham Shafiq Rahman – IWL shared a B2 EFF test report FLL Procedure via email dated 18/06/2024- to establish the anti-root penetration with added chemical. 
Shri Arham Shafiq Rahman – IWL shared drafts for ‘Coating and Wrapping of Underground Mild Steel Pipelines
: Bitumen Tape Specification’ and ‘Coating and Wrapping of Underground Mild Steel Pipelines
: Bituminous Hot Melt Enamel Coatings’ 
via email dated 24/07/2024.
The draft is attached herewith:


[bookmark: _heading=h.17dp8vu][bookmark: _MON_1786297667][bookmark: _MON_1786297652] 
The draft on bitumen tapes was shared with panel on corrosion protection of pipelines. The comments received from Dr Duari on the draft via email dated 05/08/02024 is placed below: 


	Committee has setup a dedicated working group for the formulation of standard on Bitumen Tapes (see item no. 2.3 of this minutes of meeting). 
The committee advised Dr Duari and Smt. Maushumi to provide relevant test reports, technical papers or reports for the root penetration and microbial attack on bitumen tapes by 20th September 2024. 
The working group is advised to go through all the relevant documents submitted by different stakeholders and provide a suitable working draft. 
This is a long pending issue hence, actions may be expedited.



	6. 
	IS 1573 : 1986 
Specification for electroplated coatings of zinc on iron and steel
	The ARP was allotted to BIS Officer Harsh Sonkar
Last reminder mail sent on 24/04/2023, 05/06/2023
The recommendation is still awaited.
Committee requested member secretary to follow up with the BIS officers.
Shri Harsh Sonkar submitted the ARP report for IS 1573 : 1986 through the standards portal on 26/11/2023.
The ARP report is attached herewith:


The committee requested to Dr J N Balaraju review the ARP report, which was submitted by Harsh Sonkar – BIS and give their recommendations.

Comments were received by Dr J. N. Balaraju - NAL via email dated 27/05/2024.
The comments were attached herewith:


	The committee noted the comments of Dr J N Balaraju and requested him to submit the comments again stating the exact change that is required to be incorporated. 

	7. 
	IS 8062 (Part 2) : 2006
Cathodic protection of buried pipeline/ structure for transportation of natural gas, oil and liquids - Code of practice (First Revision)
	Revised draft received from Dr Duari and are placed below



The committee decided to constitute a working group for review of IS 8062 (Part 2) : 2006
The working group members are as follows:
1. Dr Raghavanachari Suresh (convener) 
2. Ms Maushumi of ONGC
3. Dr G. Gunasekaran of Naval Materials Research Laboratory
4. Dr Duari – Lalita infraprojects
Committee requested to review the standard and provide revised draft.
The committee advised to member secretary conduct a working group meeting and resolve the comments. 
The committee also decided to appoint Dr Raghavanachari Suresh as the convener of the working group.
A working group meeting was conducted on 12/08/2024, revised draft as suggested by WG is placed below:


Needs further discussion and inputs from Oil and Gas industry. 
Committee is requested to advise whether this standard should also be applicable to water pipelines? If the same CP technique is used for water pipelines. Relevant expert may be requested to address this query.
	 Committee noted the progress of working group. The committee advised that, let this standard IS 8062 (Part 2) be limited to applications in oil and gas sector. A separate standard or section in the same IS series can be developed in future.
Committee advised working group to recommend a revised working draft within 3 weeks’ time. The draft provided by working group shall be circulated to the committee members for the period of 30 days.



Item 7 COMMENTS ON PUBLISHED STANDARDS
Comments received on published standard through the standards portal dated 31st March 2024.
	Sl no.
	IS & Title
	Commenter
	Comments/Suggestions along with Justification for the Proposed Change
	Decision of the committee in last meeting
	Decision of the committee

	1.
	IS 4826 : 2023
Hot-Dip Galvanized Coatings on Round Steel Wires ― Requirements
	Ritwick Kar- BIS
	As per Cl. 9.2 Galvanizing Test, “The zinc coating shall conform to ‘Heavy Coating” as laid down in IS 4826”. As per IS 4826 Heavily-Coated Wire can be Hard or Soft for which requirements such as Mass of Coating and Number of Dips are different. The same (Hard or Soft) may be mentioned for the product in Cl. 9.2 Galvanizing Test.
	The committee has decided that the comments received on IS 4826 : 2023 will be reviewed by panel members, and the comments will be discussed during a panel meeting.

Inputs from Shri Rajeev K. :
Based on the data gathered from both the ISO standards viz. ISO 7989-2 & 1, attached is my submission for your review and further consideration. The collective details gathered may be referred as interpretation of ISO standards for considering the "testing and adhesion requirements of Hot dip galvanising of round steel wire". Also please note I have tried my best to collaborate available data from referred ISO standards only for providing clarity
	The committee noted the views of Shri Rajeev K. 

Committee advised panel on Hot Dip Galvanizing to review the comments of Shri Ritwick and Shri Rajeev.
Panel to provide suitable recommendation. 


 
Item 8 NEW SUBJECTS
The Committee decided to set up a dedicated panel for the formulation of standards related to hydrogen embrittlement. The details are as follows:
Scope of work: Formulation and developments of Indian standards related to hydrogen embrittlement. Address the queries/questions on Indian standards and provide suitable clarifications. Provide suggestions and comments on ISO ballots related to hydrogen embrittlement. Review and address the suggestions/recommendations provided by MNRE for the success of NATIONAL GREEN HYDROGEN MISSION. 
Timeline:  30th October 2024
Composition of the panel is mentioned below:
1. Dr S. Ningshen – IGCAR, Kalpakkam (Convenor)
2. Dr Supratik Roychowdhary – BARC, Mumbai
3. Dr Raghuvir Singh – CSIR-NML, Jamshedpur
4. Dr Tapan Kumar Rout – TATA Steel, Kolkata
5. Dr Jayanta K Saha – S J Engineers & Consultants
The tasks assigned to the Panel are as follows:
	Sl no.
	Topic
	Proposer
	Remarks
	Remarks by the committee

	1. 
	ISO 16573-1:2020 
Steel — Measurement method for the evaluation of hydrogen embrittlement resistance of high strength steels 
Part 1: Constant load test
	MNRE
	2nd report of the WG on Regulations Codes and Standards
MNRE has shared the draft report containing the second set of recommendations to Ministries regarding regulations, codes and standards.
{Two out of the three subgroups (Subgroups I and II) have submitted detailed recommendations based on the analysis of national and international frameworks.}
A meeting held on 14/06/2024 and 19/07/2024, held for discussing the second set of recommendations received from MNRE.
Minutes attached herewith:



 
The committee may discuss and decide to adopt ISO standards.
	IS 17175 : 2020 is due for review this year. The revised ISO 16573 is divided into two parts, as follows:
ISO 16573-1 : 2020 Steel — Measurement method for the evaluation of hydrogen embrittlement resistance of high strength steels Part 1: Constant load test; and 
ISO 16573-2 : 2022 Steel — Measurement method for the evaluation of hydrogen embrittlement resistance of high-strength steels Part 2: Slow strain rate test.
The standard due for review was circulated to Panel 9 ‘Testing Method’ via email dated 09/08/2024. 
Comments from Dr A. Ravi Shankar – IGCAR, received via email dated 12/08/2024. The comments on ISO 16573-2:2022 are given below: 
1) Water quality (DM water) and chemicals of analytical reagent grade should be specified for preparing solutions.
2) In table 2, the time for dry process is 2 h, whereas in part-1 of this standard it is mentioned as 4 h. The reason for deviation or editorial correction need to be incorporated.
3) In section 6.2.2, Please elaborate or provide more details on “homogenization treatment at room temperature exposure”.
4) In section 8.2, point c, the sentence may be corrected as “For full characterization of the hydrogen embrittlement behaviour of the material, ………..”.

	2. 
	ISO 16573-2:2022 
Steel — Measurement method for the evaluation of hydrogen embrittlement resistance of high-strength steels 
Part 2: Slow strain rate test
	MNRE
	
	

	3. 
	ISO 17081:2014
Method of measurement of hydrogen permeation and determination of hydrogen uptake and transport in metals by an electrochemical technique
	MNRE
	
	The panel may address the issue and recommend the suitable actions.

	4. 
	ISO 10587:2000
Metallic and other inorganic coatings — Test for residual embrittlement in both metallic-coated and uncoated externally-threaded articles and rods — Inclined wedge method
	MNRE
	
	The panel may address the issue and recommend the suitable actions.

	5. 
	ISO 2626:1973 
Copper — Hydrogen embrittlement test
	MNRE
	
	Review IS 6243 : 1985 “Method of hydrogen embrittlement test for copper” vis a vis ISO 2626 and recommend a revised draft.

	6. 
	ISO 15330:1999 
Fasteners — Preloading test for the detection of hydrogen embrittlement — Parallel bearing surface method
	MNRE
	
	The committee noted the information that, ISO 15330 : 1999   standard has been adopted by PGD 37 “General Engineering and Fasteners Standards  Sectional Committee” as IS 17445 : 2020 / ISO 15330 : 1999   Fasteners — Preloading Test for the Detection of Hydrogen Embrittlement — Parallel Bearing Surface Method.

	7. 
	Standard Practice for Evaluation of Hydrogen Uptake, Permeation, and Transport in Metals by an Electrochemical Technique (ASTM G 148) 
	MNRE
	MTD was requested to examine if Any Indian Standard exists on the similar Subject of Evaluation of Hydrogen Uptake, Permeation and Transport in Metals. If No Indian Standard is available, MTD was requested to review the adoption / Formulation of similar standard as that of ASTM G148 (2018).
There is no Indian Standard under MTD which addresses this subject. 
	The panel may address the issue and recommend the suitable actions.

	8. 
	Test Methods For Evaluating Material Compatibility In Compressed Hydrogen Applications – Metals (ANSI/CSA CHMC-1: 2014)
	MNRE
	MTD was requested to carry out a Comparative analysis of this standard with IS/ISO 11114-4 and come up with recommendation on whether a new standard based on ANSI Document is required or IS/ISO 11114-4 is sufficient.
	1. 

	9. 
	Embrittlement Testing for Hydrogen Piping and Storage Bullets
	MNRE
	MTD was requested to examine whether already existing standards cover the subject of “Embrittlement Testing for Hydrogen Piping and Storage Bullets”.
	

	10. 
	Test methods for evaluating material compatibility in compressed hydrogen applications – metals (ANSI/CSA CHMC 1)

	MNRE
	Ministry of New and Renewable Energy through its letter has shared first set of recommendations to Ministries regarding regulations, codes and standards.


As per the recommendation of subgroup formed at MNRE, 6 standards pertain to MTD and the subgroup has recommended to adopt them as it is. 
According to the recommendation of MNRE, 3 standards of ISO were adopted as same. (IS 18463 : 2023 / ISO 9587:2007, IS 18436 : 2023 / ISO 9588 : 2007, IS 18435 (Part 11) : 2023 / ISO 7539-11 : 2013)
Remaining three standards, for which a word draft will be provided by MNRE. As soon as the word draft is received, it will be circulated to the committee members and further discussion will be initiated. 
	

	11. 
	Storage and Transportation systems for gaseous hydrogen - Part 3. Test method for determination of the susceptibility of metallic materials to hydrogen. ( GBIT-34542.3- Chinese standard)
	MNRE
	
	

	12. 
	Method for measurement of pressure composition-temperature (PCT) ( JIS H 7201- Japanese standard) 
	MNRE
	
	

	13. 
	ISO 15730 : 2023 Metallic and other inorganic coatings — Electropolishing as a means of smoothing and passivating stainless steel
	
	
	The Committee requested to Dr Tapan Kumar Raut - Tata Steel Limited, Kolkata study the ISO 15730 : 2023 standard and give their recommendation with in a two weeks along with justification.



8.2 The committee noted the information given in item no 8.2 of the agenda of the meeting.
Item 9 TECHNICAL ISSUES
	Sl No.
	IS no and Title
	Issue
	Action Proposed

	1.
	IS 2605 : 1985 Specification for zinc anodes for electroplating
IS 2602 : 1989 Cadmium anodes for electroplating specification (First Revision)
IS 2605 : 2023 Zinc Anodes For Electroplating - Specification (Second Revision)
	MTDC in its 31st meeting which was held on 20th March 2024 has approved the transfer of subjects to MTD 24. 
Under Process.

	Committee noted the information.

	2.
	IS 6243 : 1985
Method of hydrogen embrittlement test for copper
	During the 30th Division council meeting, it was decided that hydrogen embrittlement should be dealt by MTD 24 committee and all the standards on hydrogen embrittlement under MTD department are to be transferred to MTD 24.
MTDC in its 31st meeting which was scheduled on 20th March 2024 has approved the transfer of subjects to MTD 24. 
IS 6243 has been transferred from MTD 3 to MTD 24.
	Committee noted the information.



Item 10 INTERNATIONAL ACTIVITIES
[bookmark: _heading=h.4d34og8]10.1 The committee noted the information given under item 10.1 of the agenda.
10.2 India’s participation in ISO meetings
 The committee noted the information given under item 10.2 of the agenda.
10.3 Harmonizing of Indian standards with ISO standards

10.3.1 Efforts to be made to harmonize maximum number of BIS standards with ISO standards - While harmonizing the Indian standards with International standards the reasons/justifications are needed to be given in the foreword of Indian Standards, if there is any deviation from the provisions stipulated in the corresponding ISO standards.
	Sl No.
	IS Number
	Relevant ISO standards
	Decision of the committee in previous meeting
	Decision of the committee

	1. 
	IS 5905 : 1989
Sprayed aluminium and zinc coatings on iron and steel - Specification (First Revision)
	ISO 2063-1:2019 Thermal spraying — Zinc, aluminium and their alloys — Part 1: Design considerations and quality requirements for corrosion protection systems
ISO 2063-2 : 2017 Thermal spraying — Zinc, aluminium and their alloys — Part 2: Execution of corrosion protection systems
	Panel on Thermal spray was requested to study IS 5905 vis a vis ISO 2063 part 1 & 2. And recommend their adoption.
A panel meeting was scheduled on 06/03/2024. Dr Satish Tailor joined the meeting. 
He was appraised about the subject and his role as panel convener. 
Following comment was received from Dr Satish Tailor – Metalizing equipments Pvt. Ltd. via email dated 08/08/2024: 
I have gone through all these standards and I recommend the adoption of ISO 2063-1 and ISO 2063-2 as revision of IS 5905. 
Justification- IS 5905, content is so brief and not in detail. Many important things are missing which are given in detail in ISO 2063-1 and ISO 2063-2.
	The committee requested Dr. Duari to study the  ISO 2063-1 : 2019 and ISO 2063-2 : 2017 and provide their recommendations for the adoption of these ISO standards along with justification for adoption. 



10.3.2 The committee noted the information given in item 10.3.2 of the agenda. 
Item 11 PROGRAMME OF WORK
11.1 The committee noted the information given in item 11.1 of the agenda. 
       
11.2 Review of Indian Standards
11.2.1 The committee noted the information given in item 11.2.1 to 11.2.5 of the agenda. 
11.2.2 Standards that are due for review this year are as follows:
	Sl. No.
	IS no.
	Title
	Last date of due for review
	Remarks
	Decision of the committee

	1. 
	IS 17175 : 2020
ISO 16573 : 2015
	Steel ― Measurement Method for the Evaluation of Hydrogen Embrittlement Resistance of High Strength Steels
	March, 2025
	IS 17175 : 2020 is due for review this year. The revised ISO 16573 is divided into two parts, as follows:
ISO 16573-1 : 2020 Steel — Measurement method for the evaluation of hydrogen embrittlement resistance of high strength steels Part 1: Constant load test; and 
ISO 16573-2 : 2022 Steel — Measurement method for the evaluation of hydrogen embrittlement resistance of high-strength steels Part 2: Slow strain rate test.
The standard due for review was circulated to Panel 9 ‘Testing Method’ via email dated 09/08/2024. 
Comments from Dr A. Ravi Shankar – IGCAR, received via email dated 12/08/2024. The comments on ISO 16573-2:2022 are given below: 
5) Water quality (DM water) and chemicals of analytical reagent grade should be specified for preparing solutions.
6) In table 2, the time for dry process is 2 h, whereas in part-1 of this standard it is mentioned as 4 h. The reason for deviation or editorial correction need to be incorporated.
7) In section 6.2.2, Please elaborate or provide more details on “homogenization treatment at room temperature exposure”.
8) In section 8.2, point c, the sentence may be corrected as “For full characterization of the hydrogen embrittlement behaviour of the material, ………..”.
	[bookmark: one][bookmark: two]See item no. 8 sl no. 1 and 2 of this minutes of meeting.



Item 12 R&D PROJECTS FOR ESTABLISHMENT/REVISION OF INDIAN STANDARDS
The committee noted the information as given in item 12 of the agenda.
Item 13 LATEST INITIATIVES TAKEN BY BIS:
13.1 Committee noted the information as given in item 13 of the agenda of the meeting. 
13.2 Tentative Annual Calendar of Technical Committee Meetings 
Annual meeting calendar which will be hosted on BIS website is placed below. Committee will try to adhere to the annual calendar to achieve our targets in more timely manner.
	Quarterly Meeting Schedule 2024-25

	April, 2024
	May, 2024
	June, 2024
	July, 2024
	August, 2024
	September, 2024
	October, 2024
	November, 2024
	December, 2024
	January, 2025
	February, 2025
	March, 2025

	05th April
	-
	-
	-
	23rd August

28th August
	-
	-
	-
	3rd week
	10th January
	-
	3rd week


ITEM 14 TASKS ASSIGNED TO THE TECHNICAL COMMITTEES BY BIS:
The committee noted the information as given in item 14 of the agenda.
Item 15 DATE AND PLACE OF NEXT MEETING
The committee expressed willingness to schedule next meeting in 3rd week of December and the last meeting of Financial year in March.
Item 16 ANY OTHER BUSINESS 
[bookmark: _ANNEX_A]No any other information.

image1.emf
IS 7808.docx


IS 7808.docx
भारतीय मानक ब्यूरो

                         

















     DRAFT FOR WIDE CIRCULATION



 (Not to be reproduced without permission of BIS or used as an Indian Standard)

भारतीय मानक प्रारूप

(पहला पुनरीक्षण)

Draft Indian Standard

CODE OF PROCEDURE FOR CONDUCTING STUDIES ON UNDERGROUND CORROSION OF METALS 

(First Revision)



ICS 

		Corrosion Protection and Finishes

Sectional Committee, MTD 24

		Last date for receipt of comments is 

XXXX





FOREWORD

(Formal clause will be added to be later)

This standard was first published in 1975. The following modifications have been made in this revision:

This code has emerged as a result of investigations instituted by the Corrosion Advisory Bureau of the Metals Research Committee of Council of Scientific and Industrial Research (CSIR). In the formulation of this standard considerable assistance has been derived from the document, prepared by Corrosion Advisory Bureau on this subject.

For the purpose of deciding whether a particular requirement of this standard is complied with, the final value, observed or calculated, expressing the result of a test or analysis, shall be rounded off in accordance with IS 2 : 2022. ‘Rules for rounding off numerical values (second revision)’. The number of significant places retained in the rounded off value should be the same as that of the specified value in this standard.




Draft Indian Standard

CODE OF PROCEDURE FOR CONDUCTING STUDIES ON UNDERGROUND CORROSION OF METALS 

(First Revision)

1 SCOPE 

This standard lays down procedure for conducting studies on underground corrosion of metals. 

2 REFERENCE

The following Indian Standards contain provisions, which through reference in this text, constitute provisions of this standard.  At the time of publication, the editions indicated were valid.  All standards are subject to revision and parties to agreements based on this standard are encouraged to investigate the possibility of applying the most recent editions of the standards indicated in given below:

		IS No.

		Title



		IS 2720 ( Part 2 ) : 1973

		Methods of test for soils: Part 2 determination of water content (Second Revision)



		IS 2720 (Part 3/Sec 1) : 1980

		Methods of test for soils: Part 3 Determination of specific gravity, Section 1 Fine grained soils



		IS 2720 (Part 3/Sec 2) : 1980

		Methods of test for soils: Part 3 Determination of specific gravity, Section 2 Fine, medium and coarse grained soils



		IS 2720 ( Part 4) : 1985

		Methods of test for soils: Part 4 grain size analysis (Second Revision)



		IS 2720 ( Part 24 ) : 1976

		Methods of test for soils: Part 24 determination of cation exchange capacity (First Revision)



		IS 2720 ( Part 28 ) : 1974

		Methods of test for soils: Part 28 determination of dry density of soils, in - Place, by the sand replacement method (First Revision)



		IS 2720 ( Part 29 ) : 1975

		Methods of test for soils: Part 29 determination of dry density of soils in - Place by the core - Cutter method (First Revision)



		IS 3531 : 1997

		Glossary of terms relating to corrosion of metals (Second Revision)







3 TERMINOLOGY 

For the purpose of this code, the definitions given in IS 3531 shall apply. 

4 EXPOSURE SITE 

4.1 The test sites should be so selected as to represent all types of soils mentioned below. In selection of sites, industrial or strategic importance of the site shall he kept in consideration. Examples of sites for each type of soil have been given in brackets: 

1. Alluvial soil (undifferentiated) (Calcutta, Tezpur, Delhi, Namrup) 

2. Coastal alluvium (Bombay, Madras, Vishakhapatnam, Ratnagiri, Karaikudi) 

3. Grey and Brown soils of Indus, Jamuna and Gangetic basin impregnated with salts (Kanpur, Mugalsarai) 

4. Gangetic alluvium (calcareous) (Dehradun) 

5. Saline and deltaic soils (Diamond Harbour, Digha) 

6. Deep black soil or regur soil of valleys (tarai) 

7. Medium black soil of trap and gneissic origin (plateau) (Hyderabad, Nagpur) 

8. Shallow black soils (Amla) 

9. Mixed red and black soils (Jamshedpur, Jhansi) 

10. Red loam (Salem, Madurai) 

11. Red gravelly soils (Mysore) 

12. Red and yellow soils (Salaya) 

13. Laterites (high and low level) (Bangalore, Bhubaneshwar) 

14. Laterite soils (old alluvium) 

15. Desert soils (grey and brown) (Jodhpur) 

16. Skeletal soils (Jabalpur) 

17. Forest and hill soils (undifferentiated) (Siliguri) 

18. Sub-montane regional soils (undifferentiated) (Jammu) 

19. Foothill swampy soils (undifferentiated) (Pilibhit) 

20. Peat soils (Cochin)

4.2 A soil map of India, showing the types of soils and suitable exposure sites is given in Fig. 1. The classification of the soils has been made by Indian Agricultural Research Institute, New Delhi. 

5 TEST SPECIMENS 

5.1 The test specimens to be exposed shall be cast iron pipes (horizontally cast and spun), galvanised steel pipe, mild steel pipe, aluminium pipe, mild steel plates, copper plates, aluminium cable and lead cable. Mild steel plates will be treated as reference plates. Metal rods may be used if metal pipes are not available. All metals and cables used shall conform to appropriate Indian Standards. Other metals may also be used, if desired.

[image: ]
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		1) Alluvial soils (undifferentiated)

2) Coastal alluvium (new)

3) Grey and Brown soils of Indus, Jamuna and Gangetic basin impregnated with salts

4) Gangetic alluvium (calcareous)

5) Saline and deltaic soils

6) Deep black soil or regur soil of valleys

7) Medium black soil of trak and gneissic origin (plateau)

8) Shallow black soils

9) Mixed red and black soils

10) Red loam



		11) Red gravelly soils

12) Red and yellow soils

13) Laterites (high and low level)

14) Laterite soils (old alluvium)

15) Desert soils (grey and brown)

16) Skeletal soils

17) Forest and hill soils (undifferentiated)

18) Sub-montane regional soils (undifferentiated)

19) Foothill swampy soils (undifferentiated)

20)   Peat soils





FIG.1 SOIL MAP OF INDIA

6 SIZE OF SPECIMENS 

The pipe/rod specimens shall be 50 to 80 mm in diameter and 225 to 300 mm in length. The length of cable specimens shall be 225 to 300 mm. The plate specimens shall be of 200 × 300 × 3 mm size. 

7 IDENTIFICATION AND MARKING OF TEST SPECIMENS 

7.1 The identification of a specimen or a set of specimens shall consist of either punching of an identifying letter and numbers along with the year of burial or making drills or cuts on one side of the specimens. In case of pipes, a reference cut 10 mm deep and 5 mm in width shall be made at one end of the pipe and a 5 to 7 mm diameter hole may be drilled along the base line of the reference cut. The distance of the hole in centimetres from the reference cut measured from centre to centre in clockwise direction will indicate the number of the specimen. 

7.2 In case, the pipe specimens are used with plugged (closed) ends, identification letter/number and year shall be punched on a 25 × 50 mm, aluminium sheet and shall be placed inside the tube, before plugging the ends. 

7.3 For plate specimens; numbering shall be made by drilling holes as specified for the master plate, the sketch of which is given in Fig. 2. 

7.4 The form and dimensions are also helpful in identifying the specimens. 

7.5 Details of the position of test specimens in the trench will be drawn and the record kept in triplicate. The identification number, form, size and composition of different specimens shall be noted on the drawing for future reference. Generally, position of the specimen in the trench will indicate the type of the specimen. 

8 PREPARATION AND CLEANING OF TEST SPECIMENS 

8.1 The test specimens shall be free from surface contamination like dust, grease and oily matter. All the metal specimens shall be rubbed with cotton soaked in some suitable solvents, such as kerosene, petroleum solvent, trichlorethylene, benzene free from sulphur, or alcohol to remove grease, dust and any other adhering extraneous substances. Brushing with hard bristle brush for removal of oxide coating may be used, if necessary taking care not to cause any scratches or other defects. 

8.2 Mild steel plate may be pickled for removal of mill scale. After pickling, the metal surface shall be finished with emery paper No. 0 and degreased with suitable solvents.

8.3 The cable specimens should be used as such after superficially cleaning with cloth or cotton. 

8.4 Test specimens other than cables shall be weighed before the exposure test. Weighing up to an accuracy of 1 g for mild steel plate and aluminium pipe and of 10 g (preferably 2 to 5 g) for heavier specimens shall be sufficient. 

8.5 Measurements of depths of pits already present on test specimen shall be recorded with the help of a micrometre or travelling microscope. 

8.6 If closed pipes are used as specimens, the internal surface of the pipe should be coated with a good corrosion preventing composition like grease and mineral jelly-bees wax mixture, and the ends should be water-sealed with bitumen or some other suitable compound. 

8.7 Preparation of the test specimens such as cleaning, identification, weighing, etc, should be made at the various test centres.

[image: ]

NOTE - The position of the holes at left hand side of the specimen at a distance in centimetres from the bottom will indicate the number of the specimen. 

FIG. 2 SKETCH OF THE MASTER PLATE FOR NUMBERING THE PLATE SPECIMENS

9 EXPOSURE OF TEST SPECIMENS 

9.1 Soil resistivity of the ground, where trenches are to be dug for exposure, shall be determined by Wenner’s Four Terminal method, as described in Annex A. 

9.2 Three specimens of each type of the material shall be buried in each trench. In total 108 specimens of nine types of materials shall be exposed in four trenches for the test. The test specimens shall be buried in parallel rows in a definite order with respect to each other. Relative positions of the specimens are shown in the sketch (see Fig. 3). The relative positions of four trenches are shown in Fig. 4.

9.3 The pipe/rod specimens shall be buried vertically with both ends open and packed with the soil with approximately the same compactness as of the original soil. The end (of the pipe) with the reference mark should be at the top. The plate and cable specimens shall also be placed vertically in the trench.

9.4 The specimens shall be placed about 30 cm apart to avoid one specimen affecting the corrosion of another by galvanic action and to facilitate the removal of selected specimens without disturbing the soil near the other.

[image: ]

	FIG. 3 POSITION OF SAMPLES IN EACH TRENCH

[image: ]

FIG. 4 POSITION OF FOUR TRENCHES

9.5 The depth at which the specimens shall be placed shall be approximately 100 cm. 

9.6 The specimens shall be buried in the same soil horizon; the texture and physical and chemical properties of which have been determined beforehand. Four soil samples of 200 g each shall be collected from each trench for analysis. While digging, soils at different levels may be collected separately, if possible, and refilled in the same order. 

9.7 Care should be taken to ensure the absence of stray electric current. 

10 INSPECTION 

The area of exposure shall be properly marked on the ground surface with pillars or boards. It is better if the test site is cordoned off and no work on the ground is done. The test site shall be periodically examined to check any damage of the ground surface or test specimens. 

11 REMOVAL OF SPECIMENS 

11.1 Four trenches will be opened during the exposure period of 10 years in the following manner. One trench will be opened after completion of 1 year, second one after 3 years, third one after 5 years and the last trench after 10 years.

11.2 Four soil samples of approximately 200 g each shall be collected from the opened trench from the vicinity of the specimens. Studies related to soil analysis and assessment of corrosion shall be made at a centralised place on zonal basis, if such facilities are not available at the test station. 

11.3 The test specimens shall be removed from the trench and identification number noted on the cardboard shall be tied around the specimen by means of a thread. The loose dirt shall be scrapped off. The specimens shall then be cleaned first by pounding them with a small pointed hammer and finally by scrubbing under running water with a stiff wire brush. 

11.4 Cable specimens after removal shall be sent to a centralised place in undisturbed condition for assessment of damage where facilities for this exist. 

11.5 For convenience, each pipe or plate shall be divided into different segments as shown in Fig. 5 and numbers of pits noted with pit depths in each segment.

[image: ]

FIG. 5 SEGMENTATION OF PIPE AND FLAT TEST SPECIMENS

12 REMOVAL OF CORROSION PRODUCTS 

12.1 All the test specimens shall first be cleaned by pounding with a pointed hammer and scrubbing under running water with stiff wire brush. Mild steel and cast iron specimens shall be cleaned in Clark’s solution or by cathodic cleaning. 

12.2 Copper specimens shall be cleaned in 5 to 10 percent sulphuric acid solution at room temperature. 

12.3 Aluminium specimens shall be cleaned either in concentrated nitric acid or in a 20 percent chromic acid plus 5 percent phosphoric acid solution at 80 °C. 

12.4 Galvanized steel specimens shall be cleaned in 20 percent chromic acid solution at 80 °C or in a l0 percent trisodium phosphate solution at 85 °C. 

12.5 If hard flakes of corrosion products still remain on the specimens, these may be pounded again with the hammer, scrubbed in running water with hard bristle brush and treated in derusting solutions. 

13 ASSESSMENT OF CORROSION 

13.1 After removal of corrosion products, the test specimen shall be weighed and the loss in weight recorded. The rate of corrosion of various samples shall be expressed in ( g/dm2 ) /yr (dm/yr). 

13.2 Nature of corrosion attack such as uniform or localised corrosion, graphitisation in case of cast iron, red or white rusting in the case of galvanized samples shall be noted and recorded. 

13.3 Measurement of pit depths on the test specimens after exposure should be carried out with the help of a travelling microscope or a micrometer with a least count of 0.025 mm. 

13.3.1 Maximum pit depth and number of large pits shall be recorded. 

14 DETERMINATION OF SOIL PROPERTIES 

14.1 Data on the important properties of soil shall be collected at each site. The various properties to be studied and the recommended methods are given in 14.1.1 to 14.1.9. 

14.1.1 pH of Soil - This shall be done in accordance with IS 2720 ( Part 24 ). Classification of soil reaction shall he as follows:

		

		pH



		Extremely acid

		Below 4.5



		Very strongly acid

		4.5 to 5.0



		Strongly acid

		5.1 to 5.5



		Medium acid

		5.6 to 6.0



		Slightly acid

		6.1 to 6.6



		Neutral

		6.7 to 7.3



		Mildly alkaline

		7.4 to 7.8



		Moderately alkaline

		7.9 to 8.4



		Strongly alkaline

		8.5 to 9.0



		Very strongly alkaline

		9.1 and higher







14.1.2 Total Acidity of the Soil 

This shall be measured in accordance with the methods described in Annex B. 

14.1.3 Mechanical Analysis of Soil 

This shall be done in accordance with IS 2720 (Part 4). 

14.1.4 Resistivity of Soil 

This shall be measured in accordance with the methods given in Annex A. 

14.1.5 Moisture Content

This shall be measured in accordance with IS 2720 (Part 2). 

14.1.6 Apparent Density

This shall be measured in accordance with IS 2720 (Part 28) or IS 2720 (Part 29). 

14.1.7 Specific Gravity 

This shall be measured in accordance with IS 2720 (Part 3). 	Comment by MTD: Which standard to be referred here? 

IS 2720 (Part 3/Sec 1) : 1980 Methods of test for soils: Part 3 Determination of specific gravity, Section 1 Fine grained soils
IS 2720 (Part 3/Sec 2) : 1980 Methods of test for soils: Part 3 Determination of specific gravity, Section 2 Fine, medium and coarse grained soils

14.1.8 Volume Expansion 

This shall be measured in accordance with the methods described in Annex C. 

14.1.9 Pore Space 

This shall be measured in accordance with the method described in Annex C. 

15. DETERMINATION OF SOLUBLE SALTS 

15.1 Determination of soluble salts in the soil shall consist of estimating sodium, potassium, magnesium, calcium, carbonate, chloride, sulphate and nitrate ions with the help of suitable methods. 

15.1.1 The usual method to quantify the soluble salts concentration is to measure the electrical conductivity of either the soil solution or a soil water extract. The more the salt content, greater be the electrical conductivity.	Comment by MTD [2]: Dr Duari Comment

Laboratory methods used are

a) Measuring EC in Siemens per meter with conductivity meter in a saturated paste of soil & water.

b) Measuring EC with a conductivity meter in a soil-water extract based on a fixed soil : solution ratio (e.g 1:2 or 1:5)

Following table may be used for interpretation of the soluble salts test (1 : 2 (v : v) soil : water extract).

		Sl No.

		Degree of Salinity                                                           

		Electrical Conductivity (mmhos/cm)



		(1)

		(2)

		(3)



		i. 

		Non Saline

		< 0.4



		ii. 

		Very Slightly Saline

		0.4 - 0.8



		iii. 

		Moderately Saline

		0.8 - 1.2



		iv. 

		Saline

		1.2 - 1.6



		v. 

		Strongly Saline

		1.6 - 3.2



		vi. 

		Very Strongly Saline

		>3.2





Therefore, electrical conductivity increases as temperature increases

Therefore, reading must be obtained at 25°C for correct interpretation.

16 BACTERIOLOGICAL DATA OF SOIL

16.1 The nature of soil bacteria shall be determined with particular reference to the sulphate reducing bacteria and the sulphur oxidising bacteria. For this suitable method shall be adopted.

16.2 The microbiological examination of the soil samples from all sites shall be made in a centralised laboratory possessing facilities for the same. 

17 METEOROLOGICAL DATA

17.1 The meteorological data of the exposure sites such as humidity, temperature, rainfall, number of rainy days, dew formation, etc, should be recorded for the entire period of test in the proforma F as shown in Annex D

18 RCORDING OF DATA

Recording the data of underground corrosion of metals tests shall be done in the proformas as shown in Annex D.






ANNEX A

(Clauses 9.1 and 14.1.4)

DETERMINATION OF RESISTIVITY OF SOIL SAMPLES 

A-l. RESISTIVITY OF SOIL 

A-l.1 Two methods for determining the soil resistivity, namely, laboratory test and field test have been described here. 

A-l.2 Determination of Soil Resistivity by Four-Terminal Method (Field Test) ( Wenner’s Method) 

A-1.2.1 This method consists of contacting the electrolyte (soil) with four electrodes usually steel pins equally spaced apart (as shown in Fig. 6). 

[image: ]

NOTES

1 Depth of the electrodes (B), (buried portion) shall be small, about 1/20th of distance (A). 

2 The resistivity is averaged to a depth approximately equal to the electrode spacing (A). 



FIG. 6 FOUR PIN METHOD FOR FIELD SOIL RESISTIVIT



A-1.2.2 Four steel electrodes, 1.25 cm diameter and 45 cm long, are driven in the soil at equally spaced distances A in a line. The depth to which they are driven should be approximately one-twentieth of A. A regulated and measured current I shall be applied between the outer terminals while the potential E between the inner electrodes R1 and R2 is measured. Resistivity ρ is calculated from the formula

ρ = 2 π A R, or

ρ = 6.28 × A × R

where 

R = the ratio of potential to current (E/I), and 

A = electrode spacing.

 In the field, I and E are measured in milliamperes and millivolts respectively. To obtain correct value of E, the following readings are taken: 

mE1 = potential in millivolts between the two inner terminals before any current has been passed between the two outer electrodes, 

mE2 = potential in millivolts between the two inner electrodes while a current mI in milliamperes has been passed between the two outer electrodes, 

mE3 = potential in millivolts between the two inner electrodes after the current between the two outer electrodes had been discontinued, and 

mI = current in milliamperes passed between outer electrodes. 

From these values the resistivity is obtained from the following equation 

ρ = 6.28 A ×

The instruments that can be used for this purpose are multi-combination meter, megger, millivoltmeter and microammeter.

A-1.2.3 The following factors should be considered to avoid erroneous data when making resistivity measurements by this method: 

a) When passing current between the two outer terminals, polarization may occur causing inaccurate measurement. To avoid this, a switch may be inserted in the current circuit and the current applied for only short intervals of time, or a pulsating dc or ac may be utilized as is the case when using a vibroground or megger. Incidentally, the vibroground and megger read directly in ohms and, therefore, the calculation of resistance is unnecessary. The resistance value can be converted to resistivity.

b) In making the potential measurement between the two inner terminals, it is necessary to use a sensitive voltmeter, potentiometer-type voltmeter, or vacuum tube voltmeter in order to achieve accurate results. 

c) A natural potential between the two centre terminals may exist and, therefore, it is important to observe the change in potential. 

d) It should be noted that this type of measurement indicates the average resistivity to an approximate given depth (equal to the spacing between the terminals). Unless the soil is quite homogeneous, it is necessary to take a series of test measurements at varying terminal (pin) spacing’s in order to evaluate the degree of soil resistivity change between soil strata. If the soil on the immediate surface is of high resistivity, it will cause deeper readings to appear higher than they actually are and, conversely, extremely low resistivity soil on the surface will tend to decrease observed resistivity values at greater depths. 

e) Making this type of measurement directly over a large bare metallic structure (in a high resistivity environment) will tend to reduce the resistivity due to the relatively high conductivity of the metal. 

A-1.2.4 This method indicates average soil resistivity and not specific resistivity. Therefore, it is advisable to make a series of tests at any given location using a number of different pin spacings (or depths) in order to obtain an indication of the resistivity trend throughout heterogeneous strata. This procedure may be standardized by taking a set of readings at approximate pin spacings of 80, 165, 320 and 480 cm. 

A-l .3 Laboratory Test 

A-1.3.1 For disturbed soil samples collected from the exposure sites, resistivity shall be measured in soil box. 

A-l.4 The circuit consists of two polished steel electrodes having faces 25 mm apart to form a cubical cell (as shown in Fig. 7). The soil to be tested shall be compacted in this cell under a standard pressure (under 500 g weight). The resistance of the soil cube shall be determined by measuring the resistance between the electrodes with an alternating current using Wheatstone bridge in successive stages by adding fractions of conductivity water (the amount of water determined previously from water holding capacity of the soil) stepwise until minimum constant value of resistance is observed.

[image: ]

All dimensions in mm

FIG. 7 SOIL RESISTIVITY Box FOR DETERMINING SOIL RESISTIVITY IN LABORATORY












ANNEX B 

(Clause 14.1.2) 

DETERMINATION OF THE TOTAL ACIDITY OF SOILS 

B-l. The determination of total acidity of soils is somewhat difficult because of the slight solubility of soil acids. The details of the procedure followed in determining acidity by the difference method as described by Denison are as follows: 

The capacity of the soil to absorb exchangeable bases was first determined. A 25 g sample of soil was placed in a 250 ml Erlenmeyer flask together with about 1 g of calcium carbonate and 150 to 200 ml of 1 N sodium chloride solution that had been heated to 80-90 °C. The mixture was maintained at this temperature for 1 hour, with occasional shaking. The mixture was then poured into a 400 ml bottle and shaken overnight in an end-over-end shaker and also for 2 hour periods on 2 succeeding days. After standing another night the extract was decanted and filtered into a 1 litre beaker. Then 200 ml of 1 N sodium chloride solution was added to the soil at room temperature. The mixture was shaken for 1 hour, allowed to settle, and the extract then decanted through the filter as before. This process was repeated until 1 litre of extract was obtained. For the final filtration, the entire quantity of soil was poured on the filter and washed. The 1 litre extract was then mixed thoroughly, and the calcium in a 400 ml portion was determined gravimetrically. The quantity of calcium equivalent to the solubility of calcium carbonate in 1 litre of 1 N sodium chloride, was subtracted from the value thus obtained. 

B-2 The quantity of replaceable calcium in the soil was determined in a manner similar to the determination of the unchangeable base capacity, except that no calcium carbonate was added and the shaking was limited to 18 hours. For those soils in which calcium carbonate occurred naturally, a correction was made for the calcium that had been dissolved as carbonate by the salt solution, this quantity was calculated from the amount of bicarbonate in solution, which was estimated by titrating an aliquot portion of the extract with standard acid to the colour change of methyl orange. The total acidity of the soil was obtained by subtracting from the exchange capacity of the soil the absorbed calcium found to be present. 

B-3 Ewing devised a shorter method that duplicated results of Denison’s method within about 15 mg equivalents per 100 g of soil. Ewing’s method is as follows: 

Two 5 g portions of the air-dried soil, previously pulverized and passed through a 20 mesh sieve, are placed in two 25 x 200 mm test tubes, and then 25 ml of normal sodium chloride solution is added to each tube at room temperature. One millilitre of 0.2 N sodium carbonate solution is pipetted into one tube and 2 ml into the other. (One millilitre is equivalent to 4 milligram equivalent of acid per 100 g of soil for the 5 g sample.) The pH of the more alkaline solution is then determined. If the pH is found to be below 8.2 ml more of the carbonate solution are added to each tube and the process repeated until the pH of the more alkaline solution is above 8. The tubes are allowed to stand, with occasional shaking, until the solutions are in equilibrium with the soil and show no further changes of pH with time. The solutions usually reach equilibrium after a period of 24 hours. The pH of the solution in each tube is then determined. Usually the resulting pH values are so near to pH 8 that by interpolation or extrapolation the amount of alkali required to bring the soil to pH 8 can be determined. For example, if 12 milligram equivalent (3 ml) of the carbonate solution give pH of 7.7 when in equilibrium with the soil and 16 milligram equivalent (4 ml ) give a pH of 8.1, the acidity of the soil will be 15 milligram equivalent/100 g. The titration curve is assumed to be a straight line through the range of interpolation and extrapolation. 





ANNEX C 

(Clauses 14.1.8 and 14.1.9) 

DETERMINATXON OF VOLUME EXPANSION AND PORE SPACE OF THE SOIL 

C-l The test shall be carried out in cylindrical boxes of brass, 16 mm long and 50 mm in diameter and carrying a perforated bottom with a split brass ring of about the same diameter as the base to hold the filter paper in position in the bottom of the box. 

C-2 The oven (at 110 °C) dry soil which has passed a l mm sieve, shall be sieved through a 100 mesh sieve in order to break up the compound particles; the portion passing the sieve shall be remixed with the particles held by the 100 mesh sieve. After fitting a piece of filter paper in position, the box shall be weighed. It shall then be filled with the soil sample in a systematic way, so that the packing may be as uniform as possible. Eight to ten gram of the sample shall be added at a time, and the box tapped on the bench after each addition. When the box is nearly full, sufficient soil shall be added to allow the surface to be struck off flat with a spatula. The upper edge of the box shall then be tapped smartly with the edge of the spatula and more soil added. This shall be struck off flat as before, and the process repeated until very slight settling of the soil occurs, when the surface shall be finally struck off flat and the box and contents weighed. The box and contents shall then be placed in a flat-bottomed dish containing about 6 mm depth of distilled water and left overnight. When a number of boxes are placed in the same dish, additions of water shall be made at intervals to keep the level constant. During the wetting considerable movement takes place, the top of the block of soil retreats from the sides of the box, and at the same time rises in height. When the interstices are saturated, the wet soil shall expand to the sides of the box, but the vertical expansion remains. The next morning the boxes shall be rapidly dried on the outside, weighed and replaced in water for a few minutes. The portion of the soil which has expanded above the top of the box shall be removed with a razor blade which shall be held at a slight angle with the horizontal, placed on the edge of the box and then drawn across the top. The surplus soil shall be transferred from the razor blade to a glass dish and weighed. Any soil adhering to the upper side of the razor blade shall not be placed in the dish, but shall -be replaced in the box to which it belongs. The box and residual soil shall be weighed, and then placed together with the dish containing the surplus soil in an oven to be dried. When dry they shall be allowed to cool in a desiccator and weighed again. 

C3 The necessary weighings and measurements shall be as follows: 

a) Weight in g of box + filter paper 					a 

b) Weight in g of box + filter paper + saturated residual soil 		b 

c) Weight in g of box + dry paper + oven-dry residual soil 		c

d) Weight in g of glass dish 						d

e) Weight in g of glass + saturated surplus soil 				e

f) Weight in g of glass + over-dry surplus soil 				f

g) Internal volume of box in ml. 					v

C4 From the above measurements the following results are obtained: 

a) Pore space, percent =  

Correct (b - a)’ for the water in the filter paper. 

b) Volume expansion of 100 ml of soil 



=  

	where sp gr of saturated soil = 
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ANNEX D

 (Clauses 17.1 and 18) 

PROFORMAS RECORDING THE DATA OF UNDERGROUND CORROSION OF METALS 

D-l The standard proformas for recording the results shall be as proformas A, B, C, D, E, F and G

		PROFORMA A PARTICULARS OF THE SOILS AT THE TEST SITES





		Site No.

		Soil Type

		Location

		Description of Soil Profile

		Topography

		Depth of Exposure of Specimens



		

		

		

		

		

		







		PROFORMA B DETAILS OF TEST SPECIMENS



		MATERIAL

		IDENTIFICATION

		No. of Specimen Buried

		Form

		Nominal Width or Diameter

		Length

		Thickness

		Metal Analysis for Ferrous Specimens



		

		Symbol

		Year and month buried

		

		

		

		

		

		C

		Si

		Mn

		P

		Cr

		Ni

		Mo

		other



		























Note – Analysis of the metal to be done in accordance with the relevant Indian Standard

		Metal Analysis for Non-ferrous Specimens



		

		Main Metal

		Auxiliary Metal

		Other Elements



		

		



Coated Metal Specimens



		

		Coating Material

		Thickness of Conting/Amount of Coating Metal per Unit Area of Metal Surface

		Base Metal



		

		










		PROFORMA C MECHANICAL AND CHEMICAL ANALYSIS OF THE SOILS AT THE TEST SITE





		Soil

		Location

		Mechanical Analysis

		Chemical Analysis

		Total Soluble Salt Content

		Acidity

		pH

		Resistivity ay 30 °C



		No.

		Type

		

		Sand Percent

		Slit Percent

		Clay Percent

		Na + K

( as Na )

		Ca

		Mg

		CO3

		HCO3

		Cl

		SO4

		NO3

		NO2

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		Field Lab Method











		
PROFORMA D PHYSIO-CHEMICAL & ELECTROCHEMICAL PROPERTIES OF THE SOILS AT THE TEST SITES





		Soil

		Location

		Moisture Content

		Water Holding Capacity

		Air Pore Space

		Volume Expansion



		No.

		Type

		

		

		

		

		



		

		

		

		

		

		

		







		
PROFORMA E LOSS IN WEIGHT AND RATE OF CORROSION OF TEST SPECIMENS 

(AVERAGE OF 2 SPECIMENS)





		Soil

		Duration of Exposure (Year )

		Loss in Weight (in g/cm2)

		Rate of Corrosion (g/dm2/yr)



		No.

		Type

		

		Mild Steel

		C.I.(Spun) Pipe

		C.I. (Horizontally cast) Pipe

		Copper Plate

		Aluminium Pipe

		Galvanised Steel Pipe

		Mild Steel 

		C.I.

(Spun) Pipe

		C.I. (Horizontally cast) Pipe

		Copper Plate

		Aluminium Pipe

		Galvanised Steel Pipe



		

		

		

		Pipe 

		Plate

		

		

		

		

		

		Pipe 

		Plate

		

		

		

		

		













		PROFORMA F NATURE OF CORROSION ATTACK, AND MAXIMUM PIT DEPTHS ON TEST SPECIMENS (AVERAGE OF 2 SPECIMENS)





		Soil

		Duration of Exposure (Year )

		Nature of Corrosion Attack

		Maximum Pit Depth in Microns and Number of Large Pits



		No.

		Type

		

		Mild Steel

		C.I.(Spun) Pipe

		C.I. (Horizontally cast) Pipe

		Copper Plate

		Aluminium Plate

		Galvanised Steel Pipe

		Mild Steel 

		C.I.

(Spun) Pipe

		C.I. (Horizontally cast) Pipe

		Copper Plate

		Aluminium Pipe

		Galvanised Steel Pipe



		

		

		

		Pipe 

		Plate

		

		

		

		

		

		Pipe 

		Plate

		

		

		

		

		













		
PROFORMA G METEOROLOGICAL DATA SITE





		Month

		Temp.

		R.H.

		Dew

		Rainfall

		No. of Rainy Days

		SO2

Pollution

		NaO

Pollution



		

		Max.

		Min.

		Av.

		Max.

		Min.

		Av.

		

		

		

		

		



		Jan.



		Feb.



		March



		April



		May



		June



		July



		August



		Sept.



		Oct.



		Nov.



		Dec.
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CODE OF PRACTICE FOR PROTECTION OF IRON AND STEEL
STRUCTURES FROM ATMOSPHERIC CORROSION
PART 1 GENERAL PRINCIPLES OF CORROSION AND ITS PREVENTION
[First Revision of IS 8629 (Part 1)]

ICS 90.080.10; 77.140.20

Not to be reproduced without permission of Last Date of receipt of
BIS or used as a STANDARD comments is 14 July 2014
FOREWORD

This Indian Standard was adopted by the Indian Standards Institution on 30 Sept. 1977,
after the draft finalized by the Corrosion Protection Sectional Committee had been
approved by the Structural and Metals Division Council.

This standard has been prepared to assist engineers, architects, builders and others who
are responsible for the choice or application of measures to protect iron and steel
structures from atmospheric corrosion. The treatments suggested in this code represent
the minimum acceptable standard of good practice for important structures. However,
there may be some other usages for which lower standards of protection are acceptable
or are necessary for reducing the initial cost even though higher maintenance cost may
ensue. In order to ensure effective corrosion protection of steel structure, it is necessary for
owners of such structures, planners, consultants, companies carrying out corrosion protection work
inspectors of protective coatings and manufacturers to have at their disposal state of the art
information in concise form on corrosion protection by paint system. Such information has to be
as complete as possible, unambiguous and easily understandable to avoid difficulties and
misunderstandings between the parties concerned with practical implementations of protection
work.

An appreciation of the scientific principles of corrosion and its prevention is essential for
efficient use of modern protective schemes. This standard, therefore, gives an outline of
the basic principles of corrosion and its prevention. It also includes data on the relative
corrosivities at different places in India, knowledge of which is essential in selecting a
suitable protective scheme.

In the preparation of this standard, assistance has been derived from the following
publications:





CP 2008 : 1966 Protection of iron and steel structures from corrosion. British Standards
Instution.

ISO 12944 : 1998 Paints and varnishes — Corrosion protection of steel structures by protective
paint systems — Part 1, Part 2, Part 3, Part 4, Part 5, Part 6, Part 7 and Part 8.

RAO (KNP) and LAHIRI (AK), Ed. Corrosion Map of India, Corrosion Advisory Bureau
Council of Scientific and Industrial Research, Jamshedpur.

1 SCOPE

11 This standard (Part 1) covers the general principles of corrosion and its prevention.
It also includes data on the relative corrositivities at different places in India.

2 TERMINOLOGY

2.1 For the purpose of this standard, the definitions given in IS 3531:1960* and IS
1303:19631 shall apply.

3 MECHANISM OF CORROSION

3.1 Iron and steel corrode in presence of moisture. The nature of this corrosion is
electrochemical. At certain spots, known as "anodic points’, iron enters the electrolyte as
‘ions’, this entry being called the "anodic’ reaction. The anodic points may be breaks in
the mill scale or an oxide film on the metal, or perhaps, places where because of
heterogeneities in the crystal structure the atoms require less energy to break away than
elsewhere. However, since the passage of ions into the electrolyte leaves electrons
behind, it may continue only if elsewhere a "cathodic reaction’ has been established to
use up electrons. A corrosion cell is thus set up. The cathodic reaction may be the
reduction of oxygen to hydroxyl ion, although in acidic electrolytes, it may be liberation of
hydrogen gas.

3.1.1 The flow of current in the corrosion cell thus formed results in attack on the metal
at the anode, but the cathode is not corroded.

4 ATMOSPHERIC CORROSION

4.1  Atmospheric corrosion may be classified into three categories, namely:

a) dry oxidation or dry atmospheric corrosion,
b) damp atmospheric corrosion, and
C) wet atmospheric corrosion.

41.1 In dry oxidation all metals develop oxide films and remain free from corrosion.
Certain metals for example copper, silver, brass etc, are however, tarnished if sulphur
compounds are present in the atmosphere.





4.1.2 In case of damp atmospheric corrosion the atmosphere contains large amounts of
water vapour and the corrosion has a close resemblance to immersed condition. Water
vapour is present in concentrations above a certain minimum value (the “critical humidity’
see 5.4), and gaseous and solid pollutants are also present in traces.

4.1.3 In wet atmospheric corrosion, the metal surface is wetted by rain and dew. In these
conditions, although approaching those of immersed conditions, corrosion is much more
aggravated due to alternate wetting and drying and better replenishment of oxygen than
under immersed condition, where the limited amounts of dissolved oxygen is not so easily
replenished. Three different zones for immersion in water can be defined:-

-The underwater zone is the area which is permanently exposed to water

-The intermediate (fluctuating level) zone is the area in which water level changes due to natural
or artificial effects, thus giving rise to increased corrosion due to combined effect of water and
atmosphere.

-The splash zone is the area wetted by wave and spray action which can give rise to exceptionally
high corrosion stresses, especially with sea water.

5 FACTORS COVERING THE CORROSION RATE

5.1 The severity of corrosion is controlled by a number of determining factors, such as
condensation, moisture, atmospheric pollution (both industrial and marine), deposition of
solid particles and surface condition of metals.

5.2 Effect of Condensation and Moisture — At atmospheric temperatures, the metals
used in engineering are generally resistant to direct oxidation and suffer rapid attack only
when electrochemical action takes place. Usually an electrolyte is provided by a film or
pocket of condensed moisture on metal surface or by wetting due to exposure to rain. It
may also be provided by absorption of moisture from the atmosphere by hygroscopic
substances like dust or other contaminants deposited on metal surface. Products of
corrosion, such as rust are themselves hygroscopic. Although pure water is only a weak
electrolyte, natural waters maybe quite strong electrolytes. In industrial areas, the
atmosphere is polluted with substances, such as sulphurous products of combustion
which render atmospheric water much more corrosive. Near the sea and even at
considerable distances inland, the atmosphere also contains chlorides, which again
increases the corrosiveness of atmospheric water.

5.3 On exposure to air, almost all metals become covered with a surface film of oxide.
Such films are very thin. The films, which are continuous and firmly adherent and occupy
substantially the same volume as the metal from which they are formed, are protective.
In dry air, the metal remains uncorroded. However, where the metal is exposed to damp
atmosphere, the metal surface is liable to acquire a film of condensed natural water, so
that the immediate environment is, instead of dry air, an electrolyte solution. Under such
conditions a thin air-formed film of oxide generally affords little protection. Although it may
be impervious to molecular oxygen, it is usually incapable of preventing access of ions to
the metal.





5.4 Critical Humidity — The critical humidity represent the relative humidity above
which corrosion of metal becomes substantial. Below critical humidity, there is practically
no corrosion although air-formed oxide film grows which causes some increase in mass
of specimens. The critical value of relative humidity above which corrosion of iron
becomes rapid is about 70 percent. However, if pollutants and / or hygroscopic salts are
present, corrosion occurs at much lower humidity level.

5.4.1 In presence of pollutants, the value of critical humidity is generally reduced. For
example, in the presence of traces of sulphur dioxide, the critical humidity of iron is 50
percent relative humidity. Above this value, there is pronounced increase in the rate of
attack and the specimen becomes rapidly covered with rust. Similarly in the presence of
sodium chloride nuclei on its surface, the critical humidity of iron is reduced to 45 percent
relative humidity.

5.5 Atmospheric Pollution — Corrosion is greatly stimulated when the air contains
sulphur dioxide and corrosive salts, such as certain sulphates and chlorides. The main
sources of those types of atmospheric pollution are the combustion of coal and other
fuels, exhaust gases of automobile and marine spray. The amount of sulphur in coal
varies, about 11.5 percent being fairly overage. The normal sulphur dioxide content in air
varies between 10-5 to 10-2 percent. Table 1 gives the data of salinity and sulphur dioxide
pollution at various sites in India. Sulphur dioxide content varies between negligible to 1
mg of SO2/dm2/day. Sulphur dioxide contamination various with season, being higher in
winter due to higher fuel consumption.

It has been nearly 40 years since the first pollution and corrosion rate data across India
was made. Since that time, many environmental changes have occurred because of
industrialization, population growth and enormous vehicle population. Hence it was
thought to update the pollution corrosion rate data.

Central Electrochemical Research Institute [CECRI], Karaikudi has initiated a long
awaited exercise to gather data on atmospheric pollution and corrosion rate of some of
the widely used engineering materials viz. mild steel [MS], zinc [Zn], galvanized iron [Gl]
and aluminium [Al] under a wide variety of environmental conditions in 58 exposure
stations.

The updated pollution and corrosion data gathered over period of 1998 to 2010 are
presented in Table 5 & Table 6 respectively.

5.5.1 The action of electrolytes on atmospheric corrosion is of considerable importance
in dust and salt laden atmosphere of industrial and marine sites. In marine atmospheres
the corrodant is sea salt, which may be dispersed either as liquid aerosols or dry particles.
The presence of electrolytes in the air is responsible for high rated of corrosion near the
sea where metals are directly exposed to sea surface

or wind from the sea. Table 2 shows corrosion rates at some of the marine sites in India
and the effects of distance from the sea.





5.6

Effect of Different Climates — The corrosion rate is profoundly affected by the

microclimate and to a lesser degree by the mass, size and shape of the metal, and by
angle of exposure. For mild steel specimens exposed at an angle of 45°, the corrosion
suffered in one month’s exposure and one year’s exposure varies widely with the climates

(see Table3).

5.7

Effect of Location of Exposure — Corrosion rates of a metal also varies with the

location where the structures are erected. The proximity to source of pollution also plays

a vital role.

Table 1 DATE OF ATMOSPHERIC POLLUTION DUE TO SO, AND CHLORIDS

EXPOSURE SITE

1)
Ahmadabad
Balasore
Bhavnagar
Bombay (NCML) |
Calcutta-Rishra
Tiljala
Cambay
Cochin
Digha
Goa
Gulmarg
Hyderabad
Jamshedpur
Jodhpur
Kanpur
Kandla
Patna
Rajkot
Tezpur
Chittaranjan

(Clause 5.5)

MEAN VALUE of AVERAGE
SULPHUR DIOXIDE
POLLUTION
SOs/dm?/day)
(2)
0.42

(mg of

0.37
0.31
0.18
0.16
0.091

0.63
0.27
0.99
0.1925
0.3575
0.0858
1.10

0.040
1.18

MEAN VALUE of Average
SALINITY (mg, of NaCl/
dm?/day)

(3)
0.82
2.44
14.84
0.22
0.16
0.16
2.12
0.60
0.83

TABLE 2 CORROSION RATE AT MARINE SITES IN INDIA AT DIFFERENT DISTANCES FROM SEA
(Clause 5.5.1)

STATOIN

1)

DISTANCE IN m

FROM THE

SEASHORE
Max

) ®3)

CORROSION RATE IN mm/YEAR FOR

MILD STEEL
Min

(4)





Digha 33 1.35 0.06

330 0.54 0.056

2 200 0.28 0.023

Balasore 22 0.63 0.024
45 0.25 0.009

Mandapam 45 0.69 0.287
Camp 405 0.147 0.088
Madras 30 0.34 0.13
840 0.26 0.07

TABLE 3 ATMOSPHERIC CORROSION RATES OF MILD
STEEL AT VARIOUS SITES

(Monthly rate for each month reported as mm/month
and yearly rate as mm/year)

0.001 5 (Clause 5.3)

MONTHS KANPUR JODHPUR | CALCUTTA TEZPUR BALASORE
(TILGALA)

January 0.006 7 0.000 2 0.015 0.003 8 0.0015
February 0.0015 0.000 3 0.023 0.0015 0.002 8
March 0.0015 0.000 8 0.020 0.001 2 0.0126
April 0.000 2 0.000 5 0.008 0.002 1 0.035
May 0.000 8 0.0015 0.010 0.002 1 0.0126
June 0.001 7 0.000 3 0.016 0.003 5 0.020 3
July 0.004 2 0.001 9 0.012 0.003 8 0.007
August 0.004 7 0.002 1 0.018 0.004 1 0.013
September 0.004 2 0.000 7 0.017 0.004 3 0.005 2
October 0.003 8 0.000 2 0.016 0.004 2 0.000 8
November 0.004 2 0.000 2 0.010 0.002 6 0.0013
December 0.007 2 0.000 2 0.013 0.005 2 0.0018
Yearly 0.031 0.006 0.078 0.030

5.8 Effect of Orientation of Exposure — The orientation of metal specimens
influences the corrosion rates due to its effect on the amount of moisture or atmospheric
contaminants that can react with the surface. The relative corrosion of specimens facing
different directions largely depends on the extent to which the prevailing wind may carry
the pollution from their sources. The drying effect may also be different according to the
directions. The drying effect may also be different according to the directions. However,
in a study at an industrial site with low sulphur pollution (Kanpur), it was observed that
there was very little difference in the yearly corrosion rates of mild steel panels facing
ground ward and skyward.

5.9 Effect of Metal Composition — The type and chemical composition of ferrous
metals have a marked influence on their resistance to atmospheric corrosion.





5.9.1 Mild Steel — Mild steels of the same composition but manufactured by different
processes corrode at substantially the same rate. Increasing carbon content up to a limit
of 0.25 percent has little effect. Ingot iron, which is really steel with the lowest practicable
carbon content, resists corrosion no better than ordinary mild steel.

TABLE 4 EFFECT OF ORIENTATION OF MILD STEEL,
SPECIMENS ON OUTDOOR CORROSION AT KANPUR

(Clause 5.8)
MONTHS ORIENTATION CORROSION RATE
OF EXPOSED (mg/dm?/MONTH)
SURFACE

East South North  West

(1) (2 (3 (4) (%) (6)
December 1961  Skyward 178 199 234 208
Groundward 202 133 216 151
January 1962  Skyward 259 275 272 340
Groundward 184 135 205 239
February 1962  Skyward 128 84 134 108
Groundward 124 110 107 126
March 1962  Skyward 74 68 56 83
Groundward 50 53 72 59
April 1962 Skyward 11 19 3 6
Groundward 4 3 2 2
May 1962  Skyward 12 12 6 19
Groundward 3 1 -- 1
June 1962  Skyward 147 133 133 148
Groundward 184 144 137 136
August 1962  Skyward 105 -- 128 112
Groundward 130 125 141 150
October 1961  Skyward 220 206 334 318
Groundward 225 140 229 225

Table =5: Average Climatic and pollution parameters

of the exposure stations

Exposure ste | Temperare r?r(iq/t?ty ainfall | S0, | salmiy
Aligarh 23 74 217 11 20
Bhavnagar 28 73 186 - -
Bhopal 25 73 501 Traces 24
Bhubaneswar 27 73.5 336 8 21
Chandigarh 23 74.5 269 0 18






Naval base Chennai 29.5 73.5 355 18 486
Coimbatore 30 76 240 1 20
Cudddalore 28 77 702 0 63
Dindigul 29 67 64 8 15
Hyderabad 29.5 71 165 - 18
Jorhot 25.5 75.5 686 10 22
CECRI Unit Kochi 27 725 580 31 50
Kakinada 275 75.5 320 0 121
Karaikudi 27 725 180 0 38
Kolkota 24 72 320 19 36
Kanyakumari 28 72.5 89 0 38
Kayamkulam 24 91 426 18 448
Lucknow 26.5 91 426 18 28
Mahendragiri 28 91.5 83 0 0
Manali 29 78.5 309 25 120
Mandapam Camp 29.5 67.5 96 0 246
Mangalore 26.5 77.5 308 Traces 110
Marumagao 25 73.5 248 22 630
Mettupalayam 27.5 89.5 22 630 Traces
Mumbai 26 73.5 945 14 48
Nagapattinam 28 70.5 750 0 29
Naval Base Kochi 27.5 76.5 592 31 79
New Delhi 23 77 184 31 79
NIO Goa 235 76 184

Padubidri 255 79 310 9 124
Pondicherry 28.5 72.5 735 11 37
Port Blair 26.5 78.5 3028 0 356
Pune 25 75 167 12 34
Salem 30 72.5 68 0 45
Sriharikota 27.5 74 450 0 5000
Surat 28 73 310 8 22
Tirupur 28.5 92 214 1 20
Tuticorin 28 74 90 534 59
Visakhapatnam 28 78 327 13 23
Warangal 30 72.5 170 - -






Table-6: Atmospheric corrosion rate of mild steel (M.S), galvanized iron (G.I), zinc (Zn) and

aluminium (Al) at various exposure stations in India. [Based on one year data reported in um/y]

Corrosion rate (uml/y)

Sl. No. Exposure Site MS X 7n Al

1 Alangudi 34.50 1.49 6.03 0.074
2 Alangadu 26.90 1.28 5.82 0.098
3 Aligarh 15.904 2.779 2.263 0.538
4 Ammanichatram 22.40 1.26 3.93 0.074
5 Bhavnagar 12.730 0.402 0.385 0.185
6 Bhopal 9.820 0.117 0.356 0.230
7 Bhubaneswar 24.400 1.492 0.828 0.731
8 Chandigarh 21.440 1.616 1.200 0.138
9 Chavara 252 - - -
10 Naval base Chennai 524.000 11.660 7.100 8.600
11 Coimbatore 16.000 - 1.000 4.000
12 Cudddalore 51.300 4.200 2.200 1.162
13 Dindigul 69.720 2.084 4.958 <0.100
14 Hyderabad 23.511 2.360 2.556 0.434
15 Jorhat 7.439 1.047 0.881 <0.100
16 CECRI Unit Kochi 90.500 2.860 2.530 0.180
17 Keelayur -- 2.33 5.58 0.147
18 Kakinada 82.000 - - -
19 Karaikudi 19.970 0.381 1.100 0.395
20 Kolkota 22.600 1.754 1.290 0.231
21 Kanyakumari 15.640 2.489 1.960 3.12
22 Kayamkulam 42.000 - 3.000 0.500
23 Lucknow 12.320 7.344 5.067 7.28
24 Madurai 12.92 2.64 1.12 0.72
25 Mahendragiri 13.570 3.520 6.250 5.320
26 Manali 115.000 4.560 23.800 1.410
27 Manavakurichi 210 - - -
28 Mandapam Camp 109.050 12.550 12.150 0.700
29 Mangalore 108.400 6.710 1.370 5.100






30 Maravakkadu 22.40 1.29 3.86 0.049
31 Marumagao 453.900 184.100 19.412 11.000
32 Mettupalayam 300.000 - 7.000 9.000
33 Mumbai 44.000 3.600 2.600 2.500
34 Muthupet 21.0 1.23 7.48 0.17
35 Nachikulam 32.90 2.48 6.39 0.49
36 Nagapattinam Port 28.900 0.322 2.700 <0.100
37 Nagore 29.20 3.25 6.56 0.614
38 ;\r'gg]asggi”am Lkm away 29.50 3.54 6.91 0.442
39 \N/:g"’r‘]%?rt]';‘f‘m Near by 44.40 6.13 8.28 1.20
40 Naval Base Kochi 156.600 6.445 6.304 0.87
41 Neermulai 25.2 1.24 4.44 0.025
42 New Delhi 19.770 2.845 0.560 0.295
43 NIO Goa 30.00 2.260 1.260 0.248
44 Odachery 27.30 1.19 5.62 0.91
45 Padubidri 43.000 - 2.000 1.400
46 Pilani 11.67 0.11 0.025 0.067
47 Pondicherry 27.420 - 0.992 0.100
48 Port Blair 380.000 270.000 220.000 40.000
49 Pune 12.400 2.420 1.480 <0.100
50 Salem 16.160 1.400 1.655 <0.100
51 Sriharikota 1600.000 - 46.000 <0.100
52 Surat 27.300 2.540 2.080 3.930
53 Thambikottai 25.1 1.10 5.00 0.025
54 Thiruthuraipoondi 26,50 0.026 5.42 0.025
55 Tirupur 18.000 - 0.100 3.000
56 Tuticorin 83.810 24.480 32.200 27.100
57 Visakhapatnam 36.690 2.750 3.600 4.850
58 Warangal 9.843 6.500 2.805 <0.100

5.9.1.1 Small amounts of certain alloying elements, notably copper, chromium and nickel,
increase the resistance of iron or steel to corrosion outdoors. The effect of the copper
content is particularly marked. As is shown in Fig. 1, there is at first a progressive
decrease in corrosion with increasing copper content but beyond a certain limit, which
depends on the sulphur content of the steel, further additions cause little additional






improvement. A copper content of 0.20-0.35 percent for the copper bearing quality of
steel is specified in IS 226:1975*.

5.9.2 Low-Alloy Steel — Low-alloy steels contains deliberate but relatively small additions
of alloying elements. Some of them, for example, a steel with | percent chromium, 0.6
percent copper and relatively high phosphorus and silicon contents, corroders in the open
atmosphere at one-third or less of the rate for ordinary mild steel. They are not, however,
immune to corrosion, and are better described as “slow-rusting’.

5.9.2.1 The improved corrosion resistance of copper and low-alloy steels outdoors is
associated with the formation of a more compact and less permeable surface layer of
rust. Natural weathering seems to favor this because these steels show little or no
advantage when exposed indoors or when sheltered from rain.

5.9.2.2 Corrosion is most rapid during the first year or so, and the beneficial effects of
low-alloy additions are of greater practical value in the more corrosive atmosphere.

5.9.3 Cast Iron - Cast iron has good resistance to atmospheric corrosion and this is
further enhanced if the casting skin on the iron is still intact. The corrosion resistance of
nodular graphite cast iron is at least as good as that of flake graphite cast iron and there
is evidence that it tends to be rather more resistant than the latter.

5.9.4 Stainless Steel - Stainless steels contain high percentages of chromium and often
of their alloying elements. The most resistant, for examples, steel containing 18 percent
chromium, 10 percent nickel and 2 percent molybdenum, are virtually in corrodible in
normal atmospheres. This is due to the presence on their surface of a thin protective
oxide film which reforms and heals itself spontaneously if the surface is damaged.
Stainless steels are liable to lose their corrosion resistance in non-oxidizing environments,
which cannot repair the oxide film.

5.10 Surface Condition

5.10.1 Mill Scale — Structural steel plates and sections produced by hot-rolling are
covered with a thin blue-black or reddish-blue layer of iron oxides. The thickness and
adhesion of the mill scale vary for different types and sizes of section and with the rolling
conditions. Thicknesses of 25 to 50 um are common on mild steel plate, but oxide scales
up to 0.5 mm thick may result from forging or other heat treatment, or when a plate is
heated for bending. Mill scale seldom adheres completely and permanently. It generally
cracks and flakes appreciably while the steel is cooling down after rolling end is liable to
spall from the metal during fabrication and subsequent exposure, even after protection by
paint. Moreover, because it's potential in dilute aqueous solutions is a few tenths of a volt
nobler than that of bare steel, its presence on an immersed steel surface gives rise to a
corrosion cell in which the steel is attached wherever the mill scale has been broken.

5.10.2 Casting Skin — The casting skin on cast iron results from the reaction of the
siliceous mould lining with the hot metal. It is more adherent than mill scale and is often





protective. Rolled steel and cast steel of the same composition corrode at much at the
same rates when the mill scale or casting skin has been removed.

5.11 Corrosion Products

5.11.1 General — Corrosion produces a visible layer of rust on all ferrous metals other
than the most resistant stainless steels. Sometimes rust stimulates corrosion by holding
moisture in contact with the steel, but more generally its effect is to retard corrosion. The
composition of the steel affects the composition and properties of the rust layer and
consequently, the resistance of the metal to corrosion over a long period. The resulting
differences between the corrosion rates of various types of iron and steel are more
marked in the open air than when the metals are buried in soil or immersed in water,
possibly because the conditions of outdoor exposure promote compaction of the surface
rust.

5.11.2 Cast Iron —When cast iron corrodes, it does so in a way peculiar to this material.
Grey cast irons normally contain elements other than iron to the extent of about 8 percent,
including carbon in the form of graphite, phosphorus in the form of iron phosphide and
silicon. The graphite and iron phosphide are virtually unaffected by most corrosion
processes they are often found remaining ‘in-site’ after the iron has been removed by
corrosion. The silicon also remains, but it is usually oxidized to silica or silicates, which
help to bind the other constituents. As a result, the corrosion process leaves behind a
non-metallic graphitic corrosion residue’. This largely retains the appearance and shape
of the original iron, although, of course, it is much weaker mechanically.

6 METHODS OF CORROSION PREVENTION

The modifications in the composition of the metals provide only a partial solution to the
problem of reducing the corrosion of iron and steel structure. Preventive measures are
generally needed which fall into three main groups namely:

a) treatment of the enovironment
b) protective coatings, and
C) cathodic protection.

6.1 Treatment of the Environment — Corrosion prevention by treatment of the
atmosphere is necessarily limited to enclosed spaces. Here the condensation of moisture
on the metal surface, caused either by rapid changes in temperature or by carrying on
wet processes within a building, often lead to severe corrosion. Remedial measures
include lagging the steel, space heating and the installation of air conditioning plants to
reduce the relative humidity and the atmospheric pollution. To prevent rusting, the relative
humidity should preferably be reduced to 50 percent and should never be allowed to rise
above 70 percent. Desiccants may be used for this purpose in enclosed spaces, where
air changes are not frequent. Volatile corrosion inhibitors, which create a thin film on the
metal, may also be used.





6.2  Protective Coatings — The essentials of a protective scheme are proper surface
preparation prior to coating coupled with impermeability and adequate thickness of the
coating itself.

6.2.1 Metal Coatings — Steel may be protected from corrosion by coating it with a more
resistant non-ferrous metal. Zinc and aluminium are most commonly used for coating
steel plates and sections. Both acts as sacrificial and barrier and corrodes enhancing life of
steel.

6.2.1.1 Zinc and aluminium coatings have the further advantages that they resist
abrasion better than paint, and that, being anodic to iron, they protect the steel at places
where the coating is imperfect or becomes damaged. As exception to this in some
circumstances potential difference between zinc and iron in water is reversed at high
temperatures. Preferential corrosion of the iron then occurs with heavy pitting.

6.2.1.2 Coatings of zinc or aluminium, at least 75 um or painted.

6.2.1.3 The life of bare coating of both metals are roughly proportional to the average
coating mass per unit area. Zinc may be applied by several methods but the nature of the
process has much less effect on coating itself. Aluminium coatings are generally applied
by spraying or hot-dipping (see IS 6586:1972* or IS 8508:19777).

6.2.2 Paint Coating System

6.2.2.1 Paints — Paint consists essentially of a finely divided solid constituent, the pigment,
dispersed or suspended in a liquid constituent; the vehicle, which when spread out thinly
changes in time to an adherent film. For most purposes, it is essential that this drying of
the paint should occur within a few hours. For the majority of paints one or more of the
following processes are involved.

a) Evaporation of a solvent from the vehicle, leaving behind a film of solid material. This
applies, for example, to coatings simply of coal tar pitch, bitumen or chlorinated rubber in
an organic solvent.

b) Conversion of constituents of the vehicle, for example, linseed oil to the solid state
by chemical changes, involving mainly oxidation by atmospheric oxygen. Paints often
contain driers to hasten these changes. This applies mainly to air drying paints.

c) Polymerization, condensation, or other reaction between the components of the
vehicle brought about by putting a curing agent in the paint or by stoving.

Many paints in common use depend particularly for their drying on the second process,
but the nature of solvent present is also important. If the solvent evaporates too slowly,
as may occur when painting outdoors in cold climate, drying will be retarded and the paint
film may suffer serious damage whilst it is exposed to the weather in an imperfectly





hardened condition. Too rapid evaporation may also lead to bad results for example it
may cause condensation on painted surface.

6.2.2.2 Paint vehicles — There are three types of paint vehicles as follows:

A) Oil-based vehicles, which consist mainly of vegetable, drying oils, such as linseed
oil and dehydrated castor oil, and oleo-resinous vehicles, which are made by
incorporating resins into drying oils. Both these types dry mainly by oxidation.

b) Alkyd-resin vehicles, which are virtually a special case of the previous type.
Vehicles based on drying-oil-modified alkyd resins are particularly useful for the
manufacture of weather resistant finishing paints. These dry mainly by oxidation
polymerization.

C) Chemical-resistant vehicles, which are used for paints that have to withstand very
severe conditions, such as exposure to chemical fumes or immersion in sea-water. In the
latter case good resistance to saponification is needed, because alkali is produced at the
cathodes of any corrosion cells that may develop. This property is even more essential
where paint is used in conjunction with cathodic protection, which renders the protected
steel surface strongly alkaline. Epoxide resin, coal tar-epoxide, polyurethane, chlorinated
rubber, isomerized rubber and vinyl resin, are some of the vehicles in this category. These
dry by a combination of evaporation and polymerization depending on the type of vehicle
used.

6.2.2.3 Pigment-binder ratio — The choice of pigments for protective paints is discussed
in 6.2.2.7. In general, for a given paint there is an optimum value of the ratio of pigment
to binder at which the dry film has its best physical properties and maximum protective
value.

Although practical consideration, for example, the need for easy brushing, may
necessitate the use of a lower pigment/binder ratio, marked deviations from the optimum
ratio will lessen the protective value of the paint.

6.2.2.4 Paint systems — The protective power of a paint film increases with its thickness,
and there is a limit below which protection is not adequate. This limit naturally varies with
the paint, the roughness of the steel surface, and the severity of the corrosive conditions.
For protection against outdoor exposure four coats of ordinary air-drying paints are
generally necessary. If the types recommended in this code are used, the average total
dry paint film thickness of the complete paint system lies between about 90 and 140 um
(excluding filler and putti) according to the nature of the individual paints.

6.2.2.5 Discretion is needed in defining film thickness solely in terms of the average value,
because marked differences, up to 100 percent, occur from paint to paint in the thickness
applied by a skilled painter, and equally great differences occur as between one skilled
painter and another.





6.2.2.6 Although thickness of 125 um or more may be achieved in a single coat with
some types of paint, for example, high-build coal tar pitch or high build epoxy or
polyurethane (solvent free), most current paint systems consist of several coats, in which
different formulations are used for the printing coats and the finishing coats. Multi-coat
work helps to reduce the porosity of the paint film and to eliminate the risk of holidays and
discontinuities. But it has the disadvantage of introducing internal contact surfaces
between successive coats, where adhesion troubles may occur due to pollution during
painting; normally, however this is a relatively infrequent cause of failure.

6.2.2.7 Any multi-coat paint system should be studied as ..... Each coat should be
suitable for its function and be compatible with other coats. Generally, a good bond results
if the properties of successive coats are such, and the intervals between their applications
are so timed that the wet upper coat exerts a slight solvent action on the surface of the
lower one; this keeps the whole paint system together.

a) Priming paints — The properties of the priming paint are most important. It should "wet’
the surface readily and provide a firm and adherent foundation for later coats. In addition,
since paint films are not completely impermeable to corrosive agents, priming paints
should contain inhibitive pigment.

The most common inhibitive pigments are Zinc-Phosphate and Zinc dust.

Zinc-Phosphate paints are normally made with oil based, epoxy and chlorinated rubber
vehicles. Zinc rich paints are generally formulated with chlorinated rubber, epoxy resin
and inorganic silicate vehicles.

A Zinc silicate based paints can be used as a pre-fabrication primer.

b) Finishing Paints — The undercoats and finishing paints serve to protect the primer and
enable it to retain its inhibiting effect on the metal. Some undercoats also act as a link
between incompatible priming and finishing coats.

Finishing coats should be highly impermeable to moisture and gases and show good
resistance to the environment.

Inhibitive pigments are not necessary in finishing paints, and inert pigments are generally
more serviceable. Among these are lamellar pigments, such as leafing aluminium,
micaceous iron oxide, glass flake and silica graphite, which orient themselves in such a
way as to reduce the permeability of the film (for intact coating) and to retard its chemical
degradation by sunlight. Other commonly used pigments are red iron oxide, white lead
and rutile titanium oxide.

NOTE - Care should be taken against the use of oil or oil based paint on metal sprayed
structure exposed to marine environments because of the like hood of saponification of
these materials.





6.2.3 Other Protective Coatings —Various coatings besides non-ferrous materials and
paints are also used to protect iron and steel. These include hot-applied coat tar pitch and
bitumen, wrapping tapes, plastics, and cement and concrete coatings.

Most of these coatings are of the excluding or blanket type, that is, they protect the metal
mainly or solely by keeping out the corrosive agent. The overriding considerations of
adequate thickness and proper adhesion to the steel base also apply.
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FOREWORD

This Indian Standard was adopted by the Indian Standards Institution on 30 Sept. 1977,
after the draft finalized by the Corrosion Protection Sectional Committee had been
approved by the Structural and Metals Division Council.

This standard has been prepared to assist engineers, architects, builders and others who
are responsible for the choice or application of measures to protect iron and steel
structures from atmospheric corrosion. The treatments suggested in this code represent
the minimum acceptable standard of good practice for important structures. However,
there may be some other usages for which lower standards of protection are acceptable
or are necessary for reducing the initial cost even though higher maintenance cost may
ensue. In order to ensure effective corrosion protection of steel structure, it is necessary for
owners of such structures, planners, consultants, companies carrying out corrosion protection work
inspectors of protective coatings and manufacturers to have at their disposal state of the art
information in concise form on corrosion protection by paint system. Such information has to be
as complete as possible, unambiguous and easily understandable to avoid difficulties and





misunderstandings between the parties concerned with practical implementations of protection
work.

An appreciation of the scientific principles of corrosion and its prevention is essential for
efficient use of modern protective schemes. This standard, therefore, gives an outline of
the basic principles of corrosion and its prevention. It also includes data on the relative
corrosivities at different places in India, knowledge of which is essential in selecting a
suitable protective scheme.

In the preparation of this standard, assistance has been derived from the following
publications:

CP 2008 : 1966 Protection of iron and steel structures from corrosion. British Standards
Institution.

ISO 12944 : 1998 Paints and varnishes — Corrosion protection of steel structures by protective
paint systems — Part 1, Part 2, Part 3, Part 4, Part 5, Part 6, Part 7 and Part 8.

RAO (KNP) and LAHIRI (AK), Ed. Corrosion Map of India, Corrosion Advisory Bureau
Council of Scientific and Industrial Research, Jamshedpur.

1 SCOPE

1.1 This standard (Part 2) covers in detail the pretreatment to be provided to ferrous
structures prior to application of protective schemes.

2 TERMINOLOGY

2.1 For the purpose of this standard, the definitions given in IS 3531:1960* and IS
1303:1963 shall apply.

3 GENERAL

3.1 The finishing of iron and steel is one of the most important aspects of the finishing
of the building materials. For efficient planning and execution of painting work with ferrous
metals, detailed data and information as given below should be taken into account :

a) The condition of the metal surface and the presence of harmful
materials on it (scale, rust, moisture, grease, dirts, salts, etc.),

b) Environment in which the paint coating will have to function, and

C) Information on the nature of previous finish (necessary) for repainting during
maintenance).





It is most important that any substrate, whether it has been painted previously or not,
should be in a fit condition to receive paint.

3.2 Surface Preparation and Pretreatment — Pretreatment and priming of ferrous
metals under controlled conditions of the factory gives the best results and it is therefore
advisable to adopt this method whenever possible. The object of such treatment is to
preserve and protect the metal surface during transport, storage and erection and to
minimize the “onsite’ preparation for final painting. Much will depend upon the time
between the factory treatment and erection, the care with which the materials have been
stored and handled during that period and the protective quality of treatment applied.

Application of a suitable priming coat should follow pretreatment without delay.
Subsequent coats of paint may be applied on the site.

4 FACTORY PRETREATMENT

4.1 Removal of Oil, Grease, Dirt and Swarf — Generally, the application of any
coating, lining material, adhesive or paint, requires as its first essential a perfectly clean
surface, which is of very great importance while dealing with the painting of ferrous
metals. Steel is normally supplied covered with oil and grease either as a protective layer
to prevent corrosion or as a left-over from machining and handling. The customary
procedure of applying a so- called “shop coat’ of paint after fabrication which consists of
wiping the surface with oily cotton waste left-over from other operations, defeats the
purpose of painting at the start. Any paint coat applied on greasy or oily steel surfaces
will lack proper adhesion and will lead to the failure of the paint film. It is, therefore,
essential prior to the application of any paint that even the minute traces of grease and
oil are removed. Grease removal shall be carried out either with solvent type or alkali type
degreasing agents. The most common type of degreasing agents are dealt with in 4.1.1
to 4.1.3. The material used is not so important as the final result which shall be a
thoroughly cleaned surface without any oil, grease or alkali left-over.

4.1.1 Solvent Cleaning - There are numerous proprietary brands of solvents, alkaline
and emulsion cleaners available; where these are used as per manufacturer’s instructions.

4.1.1.1 Petroleum solvent cleaning — These methods relate to the use of petroleum
solvents (for example, mineral turpentine) for the removal of oil, grease, dirt and swarf
from unit parts or simple assemblies having easily accessible surfaces. Petroleum
solvents may also be applied to the ‘in-situ’ cleaning of large units, assemblies or
machinery which cannot be accommodated in degreasing equipment. Petroleum solvent
should not be used for assemblies containing fabric, rubber, or other non-metallic
materials, unless it is known that no harm will result. The procedure to be followed for
petroleum solvent cleaning shall be as follows:

a) Processes - The two main methods are given below. Detail depends upon the
guantity and characteristics of the parts or assemblies to be cleaned.





b)

d)

i) Immersion — This method may be used for unit parts or assemblies when
contamination is light and when the highest degree of cleanliness is not
essential; it is particularly suitable for hand cleaning in small tanks. The
articles should be immersed in the solvent long enough to allow removal of
the contaminants, and in no case for less than one minute. Agitation is
desirable and brushing or scrubbing will aid quick cleaning.

i) Brushing or wiping - This method is intended for the removal or oil, grease
and light contamination from bare metal areas of assemblies containing
painted surfaces or non-metallic inserts that might be damaged by general
application of solvent. It may also be used for ‘in-situ’ cleaning of articles
too large for immersion tanks or spray cleaning systems.

Handling precautions — Articles should be placed on hooks or racks or in suitable
containers that permit adequate draining. They should not be handled with bare
hands after cleaning; clean gloves or similar protection should be used and
handling kept to a minimum.

Safety precautions - Petroleum solvents should be used at room temperature and
suitable exhausts and fire extinguishers should be provided, as these solvents are
flammable. Oil-resisting synthetic rubber gloves should be worn when handling
articles during cleaning, to protect the articles from sweat residues and to avoid
any possible effect of the solvent on the skin. Care should be taken to avoid
breathing the petroleum solvent vapour.

Limitations — Petroleum solvent cleaning suffers from the following drawbacks:

i) Fire risk,

i) Brush or wipe or immersion methods being manual in operation are slow
and time consuming and therefore unsuitable on their own for continuous
production lines, and

iii) The degree of cleanliness achieved by such methods is not high and they
are generally used for preliminary cleaning to supplement a proper
degreasing operation.

4.1.1.2 Trichloroethylene cleaning — This method relates to surface cleaning with the
trichloroethylene solvent. Trichloroethylene degreasing should not be used on
assemblies containing fabric, rubber or other non-metallic materials unless it is known
that no harm will result. Trichloroethylene should be of the stabilized quality and shall be
periodically checked for acidity to prevent corrosion. Perchloroethylene may also be used.
The procedure to be followed shall be as follows:

a) Degreasing — The three main processes are described below. The precise
details of the equipment and the method of operation for each process





depends on the quantity and characteristics of the part or assemblies to be
cleaned; the plant manufacturers recommendations should be followed:

i) Vapour process — To remove simple films of oil and grease, articles maybe
subjected to the vapour process, in which the parts are exposed in a bath
of solvent vapour; the vapour condenses on the cold surface of the articles
and the condensate dissolves the oil and grease, taking it away to the base
of the tank. To ensure the maximum condensation the temperature of the
articles should be as near to room temperature of the articles should be as
near to room temperature as possible at the time of immersion; they should
be passed through or suspended in the solvent vapour until no further
condensation occurs, after which no further degreasing will take place.
Articles with a very heavy film of grease may need a second exposure after
colling.

i) Liquid process — Loosely bound contamination (too much for vapour
treatment) such as polishing compound, swarf and road dirt may be
removed by immersing the parts in vigorously boiling trichloroethylene.

iii) Fetting process — Articles with obstinate dirt deposits that cannot be
removed by boiling trichloroethylene may require jetting at high pressure
with the hot solvent. The jetting should be carried out only in equipment,
specially designed for the purpose.

b) Handling precautions — During processing, the articles should be placed on hooks
or racks or in a suitable container. They should be so arranged that there is adequate
opportunity for the solvent to drain from holes, crevices pockets and other irregularities.
Parts or assemblies that would trap solvent should be rotated or tilted during the
degreasing process to prevent drag-out of trichloroethylene. Handling may be reduced by
using mechanical and conveyor type degreasing plants which automatically rotate or tilt
the articles. After cleaning, articles should not be handled with bare hands; clean gloves
or similar protection should be used.

c) Safety precautions — Trichloroethylene is a toxic substance, care should be taken to
avoid breathing the vapour near degreasing equipment.

4.1.2 Alkaline Cleaning — Alkaline solutions are good degreasing agents but as they are
usually injurious to the skin, they should not be used except in process tanks. The
exception is tri sodium phosphate, a very mild alkali which is a good cleaning medium.
There are three methods of alkaline cleaning as described below:

a) Immersion process — For removing simple films of oil and grease from
articles having easily accessible surfaces, the alkaline immersion process
may generally be used. The articles should be immersed in hot solutions
near boiling temperature of suitable alkaline mixtures for 1 to 10 minutes
depending upon the degree of contamination. The cleaning action may be





assisted by agitating the solution and by low pressure sprays, particularly if
small amounts of loosely bound dirt are present.

b) Electro-cleaning Process — This method is suitable for articles that

cannot be cleaned by simple immersion method and is quicker and more
effective in removing adhering solids. The steel tank containing the
electrolyte of mild steel in a suitable form shall be used as one electrode.
The component to be degreased shall be the other electrode. Graphite may
be used as in alternative anode material. The treatment may be done over
a range of temperatures extending from room temperature to near boiling
temperature. Higher temperature facilitates quicker cleaning. For detailed
procedure of carrying out the electro-cleaning process reference may be
made to IS 6005:1970*.

C) Jet Cleaning Process — For unit parts or simple assemblies with oil and
obstinate dirt deposit, alkaline jet cleaning may be used. Articles should be
placed in suitable apparatus and subjected to jet of hot alkaline solution at
high pressure. The conveyor of continuous jet washing machines should be
so loaded as to permit the jets of solution to reach all surfaces of the articles
being cleaned.

4.1.2.1 Rinsing — All alkaling cleaning should be followed by adequate draining but the
drainage time should not be so long as to allow the cleaning solution to dry on the articles.
Water rinsing should follow draining to ensure that carry over of alkali to the next stage is
kept to the minimum. The work should not be allowed to dry before rinsing.

Slightly alkaline rinse water (provided that the alkalinity does not exceed 0.1 percent)
prevents steel from rusting during drying.

4.1.2.2 Handling precautions — During processing, the articles should be placed on
hooks or racks or in suitable containers; for electro-cleaning these supports should
maintain good electrical contact and be adequate to conduct the current. Articles should
not be handled with bare hands during and after cleaning. Clean gloves should be used
and handling kept to a minimum.

4.1.2.3  Safety precautions — Strong alkalis attack the eyes and the skin, and therefore
goggles, rubber gloves and suitable protective clothing should be worn which handling
alkaline mixtures or their solutions.

4.1.3 Emulsion Cleaning

4.1.3.1 These are diphase cleaners of oil/water emulsion type. They contain very little
alkali but rely on powerful emulsifying agents and hydrocarbons to remove grease. While
they cannot be compared to heavy duty cleaners based on caustic soda, they are very
satisfactory for most cleaning jobs. Emulsion cleaning is particularly preferred before
phosphating as it subsequently leaves a fine textured phosphate coating. Besides, its





operating temperature is generally lower than of heavy duty alkaling cleaners. Emulsion
cleaners may be applied both by spray and dip, though the former is more common.

4.1.4 Steam Cleaning —This method related to the use of a jet of high pressure steam
for the “in-situ’ cleaning of large unit parts, assemblies and machinery that cannot be
accommodated in a cleaning apparatus. The cleaning may be carried out with pure
steam, or with alkaline solution/steam mixtures.

4.1.4.1 Cleaning — Where a steam supply is available it may be used in conjunction with
a simple stem gun, or with an injector that will entertain alkaline solution into the steam
jet, to remove oil and steam will remove most of the oil and greast, and loose adhering
dirt. Alkaline solution/steam mixtures will readily remove closely adhering dirt as well as
oil and grease. The alkaline solution should be at a concentration of 2 to 4 percent.

. 4.1.4.2 Rinsing — On completion of alkaline solution/steam cleaning; straight steam
should immediately be directed over all cleaned surfaces so as to wash away alkaline
deposits.

4.1.4.3 Handling precautions — During processing, the articles should be positioned to
allow draining of the steam condensate. Care should be taken to ensure that steam does
not enter delicate mechanisms, armature windings or other working parts from which
water cannot easily be removed.

4.1.4.4 Safety precautions — Goggles and protective clothing should be worn when
carrying out steam cleaning with strong alkalies particularly in confined places. Due care
should be taken to avoid steam burns.

4.1.5 Prevention of Contamination - After degreasing has been completed, if no
derusting or descaling is required, the selected paint coat shall be applied as soon as the
surface is dry, preferably without touching the surface with abre hands which may be
slightly greasy even when quite clean. Under site conditions this may not always be
possible; nevertheless care should be taken to prevent the surface from getting re-
contaminated

4.2 Removal of Rust and Scale — When steel leaves the rolling mill, it has a firmly
adhering skin known as "mill scale’. The continuous fresh layer of mill scale is in itself a
good protection against corrosion of the underlying steel. However, on exposure to the
atmosphere, mill scale absorbs moisture and finally again rust-formation takes place. Old
steel which has been kept for a long time in the open, has heavy layers of rust formed on
its surface. If paint is applied on the layers of rust or loose mill scale, rusting continues
almost to the same extent as if there was no paint, with the added disadvantage that
under heavy layers of paint, progressive corrosion is not easily detected. Derusting and
descaling are the essential preparations required prior to the application of any type of
coating on iron and steel. There is considerable difference between the condition of a
new steel which requires painting and old steel which has been allowed to weather and





rust; the approach to each problem is different. Generally, derusting and derusting and
descaling of steel may be carried out either mechanically or chemically.

4.2.1 Mechanical Cleaning — This may be done by scraping, chipping, wire brushing,
rubbing with abrasive paper or steel wool, by flame cleaning or by sandblasting or shot
blasting. New steel that is to be painted has normally a surface partly rusted and partly
comprising of firmly adhering mill scale. Once the firmly adhering mill scale has broken,
it is extremely difficult to determine whether the remaining a mill scale is adhering firmly
enough to be left on the surface or should be removed. For ordinary working conditions,
it is practically impossible to remove firmly adhering mill scale by any hand operation. Any
specification, which requires the cleaning down or removing of mill scale or rust by
‘scraping’, sandpapering, chipping, wire brushing, etc, shall, therefore, be understood to
mean that firmly adhering mill scale will not be removed.

4.2.1.1 Hand scraping — On the building site, the correct procedure shall be to scrape
thoroughly with a hand scraper followed by wire brushing (first with coarse and then with
fine wire brushed), and finally sanding the surface with a coarse sandpaper, steel wood
or emery paper. For normal site application, this will give a reasonable assurance that
no loose mill scale or heavy rust is left on the surface. For purposes of examination, the
hand-cleaned surface shall be wiped finally with mineral turpentine, which also removes
grease and perspiration left by hand marks.

4.2.1.2 Scraping with mechanical power tools — Appreciably better results than by hand
scraping may be obtained by employing power-operated wire-brush, although it may not
be possible to remove firmly adhering mill scale even with this type of tool. The use of
chipping hammers is restricted only to old rust.

4.2.2 Flame Cleaning — Flame cleaning is carried out with the help of a special
oxyOacetylene torch. The mill scale is rapidly heated while the underlying steel remains
comparatively cold. Because of the difference in expansion between the heated mill scale
and the bulk of the steel, the scale becomes loose and either falls off or is easily removed
with a wire brush. As it may lead to buckling, of light gauge material, the process is not
generally recommended for cleaning steel sheet or plate less than 6 mm in thickness or
section under stress particularly where the latter are heavily corroded and several passes
of the blow pipe are required. It shall always be ensured that the number of passes the
oxy-acetylene flame makes over a surface does not exceed three. The primer coat of
paint shall be applied when the surface is still warm that is immediately after the flame
cleaning has been carried out and the scales removed by brushing or wiping.

NOTE — Necessary precautions should be observed against hazards from fumes and fire

during flame cleaning.

4.2.3 Sandblasting, Grit blasting and Shot blasting — The process of sandblasting or shot
blasting is the most thorough system of cleaning steel. The principle is to impinge under





pressure of air, a jet of sharp sand, copper slag or granulated steel (steel grit, steel shot)
on to the

metal surface, removing in the process any rust and scale, including firmly adhering mill
scale. A steel surface properly cleaned by sandblasting may be immediately recognized
by its silver-grey surface (Near white metal or pure metal colour) and the criterion for good
sandblasting or shot blasting is the even colour of the surface so cleaned. Precautions
shall be taken when sandblasting or shot blasting light gauge steel to see that buckling
does not occur as a result of continuous impingement of sand or steel shot, grit under
high velocity.

A steel surface properly cleaned by sand blasting should have a surface profile of 40 to
100 microns (measured by surface profile gauge).

4.2.3.1 Sandblasting is injurious to the labor carrying out this work. Suitable spray masks
shall, therefore, be worn by workmen to prevent them from inhaling silica sand dust, which
may lead to silicosis.

4.2.3.2 Wet abrasive blast cleaning: whenever there is restriction in pollution e.g. residential
areas, wet abrasive blast cleaning should be followed. Here abrasive will be sand, shot / grit or
copper slag.

4.2.4 In areas, where presence of inflammable vapours is a possibility, such as near
petrol tanks in oil terminals or refineries, special non-sparking wire brushes, chipping
hammers and srapers shall be used. Precautions with regard to sandblasting operations
in inflammable areas shall be observed.

4.2.5 Chemical Cleaning (Pickling)

4.2.5.1 Sulphuric acid, hydrochloric acid or phosphoric acid pickling — Where descaling
is required to be done chemical pickling in any of the above acid is necessary. It also
removes rust, Pickling is carried out at the factory premises. Sulphuric acid is used
commonly between 5 to 20 percent concentration preferably hot ( 60 to 80 o C ).
Hydrochloric acid, being a furming acid, is used only at room temperature, having 20 to
50 percent strength. Phosphoric acid used generally hot (60 to 85 o C) at 5 to 50 percent
is the most expensive of the three acids. Where only derusting, is required to be done
chemically, phosphoric aid solutions are preferably used. The detailed procedure to be
followed for using these acids shall be in accordance with IS 6005:1970*.

4.2.5.2 After chemical cleaning in any of the above acids, the articles shall be thoroughly
washed to remove all traces of acid. This shall be done in two or three successive water
immersion baths or by water-power jets. After removal of the pickled steel forms the
washing bath, a fine layer of rust (oxide) will immediately from. This can be prevented by
dipping the steel into a 1 to 2 percent phosphoric acid solution which should be carefully
rinsed off with clean water. A phosphoric acid wash shall not be used, however, if the
articles are subsequently to be phosphated for rust proofing and paint bonding, and the
phosphate wash should not be considered as a substitute for this.





4.2.5.3 Derusting in acids shall be handled with care in orer to prevent excessive attach
on, as well as embrittlement, of the metal. Acid inhibitors should be used for this purpose.

4.2.6 Electro-chemical Cleaning — It is possible to remove rust and scale by the
following electrolytic methods. For details of the various methods IS 6005:1975* may be
referred.

4.2.6.1 Cathodic treatment in acid solution —Removal of rust and scale may be
accelerated as compared with ordinary pickling. Acid is economized and attack on the
metal is reduced, but hydrogen embrittlement may be serious.

4.2.6.2 Cathodic treatment in alkaline solution — Hydrogen embrittlement is less in this
case than in acid solution.

4.2.6.3 Anodic treatment — This may be carried out in either acid or alkaline solutions.
Passivating conditions are established and oxygen (not hydrogen) is produced at the
surface. Hydrogen embrittlement is usually avoided but there is a slight risk, especially
with highly stressed parts, of hydrogen being formed in the acid formed in the acid process
when the current is switched off and while the work is being removed from the bath.
Anodic treatment products smut on certain steels which should be removed by brushing
and washing before phosphate treatment.

4.2.6.4 Alkaline derusting processes — Derusting at factory site may also be carried out
by processes employing alkalies with or without electrolytes. The processes will
completely remove any rust and grease in the same operation without any attack on the
metal.

4.3 Intermediate Protective Treatments — After the preparation of iron and steel
surfaces and prior to the application of the protective and decorative paint finishes, a
number of intermediate treatments may be adopted to give iron or steel articles additional
protection against corrosion. Some important intermediate treatments are dealt below.

4.3.1 Hot-Dip Metallic Coatings — The principle is t immerses the iron or steel articles in
a bath of molten metal thereby covering the surface with a protective film. The most
commonly known of these processes is the hot-dip galvanizing (see IS 2629:1966)
process, that is, the immersion of the steel in molten zinc. Aluminizing (see IS 8508:1977)
that is, coating by dipping steel into molten aluminium, may also be adopted; the painting
of aluminized surfaces requires consideration in regard to the selection of the type of paint
for the primer coat. Normally, red lead priming paints should not be used for aluminized
surfaces.

4.3.2 Metal Power Cementation — This process, the trade name of which is
“sherardizing’, covers the application of zinc powder by heat cementation (sintering). The
application is effected at a temperature around 3800C, in closed rotating drums having
an inert atmosphere when the zinc diffuses inside the steel, to give a desired coating





thickness. The finish is a dull grey, hard sponge, which for satisfactory corrosion
resistance shall be paint-finished. This is the most important powder cementation
process, but there are other processes based on aluminium and chromium.

4.3.3 Flame Sprayed Coatings (Metal and Plastics) — The most commonly used metals
in this process are zinc, aluminium and cadmium. Application is made by feeding metal
wire or metal powder through an oxy-acetylene flame gun. The coatings are porous and,
therefore, require sealing with paints; the porous coating provides an excellent bound for
the paint. The flame spraying process is also extensively used with plastics (polyethylene,
polyamides, etc) which form highly corrosion-resistant coatings (see IS 5905:1970) and
IS 6586:1972).

4.4 Phosphate Treatment — The most widely used pretreatments for good adhesion
of paint to metal surfaces as well as for the prevention of rust, are the numerous hot tank
phosphating processes. These are most popularly known under trade names as
"Granodising’, ‘Bonderising’, "Walterising’, etc.

The principle involved is the conversion of steel surface into an inorganic phosphate
coating, such as iron, zinc or manganese phosphate. The use of phosphating solution
either by the hot or cold process is recommended (See IS 6005:1970).

4.5 Non-aqueous Phosphate Resin Coatings — These are generally iron phosphate
coatings based on solvent resin which forms a self-sealing iron phosphate coating on the
surface. They may be applied on a clean dry surface by brush, dip or spray at room
temperature both in the factory and at site.

4.6 Etching or Wash Primers — This treatment is based on the deposition of an acid-
bound resinous film on the surface in such a manner as to enhance the adhesion of
subsequently applied paint coatings.The film may be applied by brush, spray or dip. The
film has good adhesion to the metal substrate.

The film has good adhesion to the galvanized, Zinc and Aluminium metal substrates.
Wash primers are not to be used for mild steel surfaces.

5 ON-SITE PRETREATMENT

5.1  Surface Untreated or Protected with a Temporary Protective — These are dealt
with at site as follows:

a) Temporary protective materials applied to steel sheets to protect during
storage, transport and erection should be removed with suitable solvent as
a preliminary to other preparatory treatments (see 4.1.1.1 and 4.1.1.2).

b) Lubricants used in the rolling of steel sheets may be particularly tenacious
and may have undesirable effects on paint adhesion. The use of abrasive
paper wetted with suitable solvent, is effective in removing the worst effects





of these materials. Where joints are welded, soldered or brazed care should
be taken to remove fluxing material before painting. This may be affected
with a 10 percent aqueous solution of formic acid followed by thorough
washing, or with suitable solvents.

C) Surfaces which are protected with a temporary protective may be steam
cleaned as mentioned in 4.1.4.

d) In the case of hardened alloys the surface shall be treated by mechanical
roughening combined by degreasing. Such work should be carried out as
thoroughly as possible to ensure that the paint will adhere well and give
protection and durability. The surface should be well scraped or swabbed
with a suitable solvent, and then abraded with abrasive paper and finally
rinsed with successive portions of clean solvent on clean swabs.

e) Proprietary compositions may be used as recommended by the
manufacturers to degrease and passivate or degrease and etch the surface,
but care should be taken, unless the manufacturers specify otherwise to
remove all residues by wiping or washing where possible, before painting
and also to ensure that the compositions do not contaminate other parts of
the structure.

5.2 Surface Already Factory Pretreatment and/or Primed — They should be carefully
inspected and damaged areas should be thoroughly degreased by clean solvent
swabbing, any corrosion products formed should be thoroughly removed and touched up
with a coat of wash or etching primer or suitable chemical pretreatment solutions. The
rectified areas should then be brought forward with appropriate primer, putty, finish coats,
etc.

5.3 Solvent Cleaning — This shall be carried out in accordance with 4.1.1.

5.4 Brush Derusting with Phoshporic Acid or Proprietry Products — Apply
phosphoric acid, with a brush or swab, rubbing where necessary with a steel wool pad,
to assist rust removal. Keep the surface well wetted with the jphosphoric acid. Wash off
the phosphoric acid thoroughly after derusting paying particular attention to seams and
crevices. Proprietary products are used following the manufacturer’s instructions.

5.5 Mechanical Cleaning — This shall be carried out in accordance with 4.1.1.

5.6 Etching or Wash Primers — This shall be carried out in accordance with 4.6

5.7 Phosphating — Proprietary products, both aqueous and non-aqueous for
phosphating in-situ may be used following the manufacturer’s instructions (see 4.4).

6 PRETREATMENT OF METAL COATED STEEL





6.1 Zinc coated steel and galvanized steel surfaces should be chemically treated or
allowed to weather before painting. This is necessary because zinc being reactive, forms
zinc soaps with the paint medium and adhesion of paint is quickly impaired. In some
cases wash primers may be used without special surface treatments. Aluminium coated
surfaces is generally treated with pretreatment primer.

6.2 Factory Pretreatment — The surface should be freed of oil, grease or any external
contaminant by means of the procedure described in solvent cleaning method before
applying any of the treatments recommended below. Proprietary compounds may be
used in accordance with the manufacturer’s instructions.

6.2.1 Crystalline Zinc Phosphate Treatment — The zinc surface is converted to a
crystalline zinc phosphate to inhibit corrosion, increase adherence and durability of paint
film. The treatment may be provided by dip, spray or brush application.

6.2.2 Etching or Wash Primers — This treatment should be carried out on the lines given
in 4.6, for both zinc and aluminium coated surfaces.

6.3 On-site Pretreatment

6.3.1 Surfaces Untreated — The surface should be thoroughly degreased by solvent wipe
and then applied with wash or etching primers.

6.3.1.1 The surface should be thoroughly degreased by solvent wipe and then cleaned
and brushed with suitable phosphating chemicals. Some of these are similar in action to
the phosphating solutions, while others are based on acids or other mordant. The use of
mordants containing copper is not recommended since the lat traces of copper, which are
difficult to remove, stimulate corrosion. After using the cleaning and phosphating
solutions, the surface corrosion. After using the cleaning and phosphating solutions, the
surface should be thoroughly wiped or rinsed with clean water to remove acids and salts,
which might be deleterious if allowed to remain.

6.3.1.2 If the zinc or galvanized steel is allowed to weather up till the bright spangles
disappear before painting, it attains a condition suitable to receive paint without the
necessity of degreasing or etching; it will be necessary, however, to clean down to remove
dirt, corrosion products, etc. Since galvanizing alone, if or reasonable thickness is
sufficient to protect the steel from corrosion for some years in normal atmospheres, a few
months delay before painting is not likely to result in corrosion.

6.3.1.2 An alternative process is to abrade the surface thoroughly with emery cloth
lubricated with a suitable grease solvent to produce a uniform, fine matt surface, and
subsequently wash with successive portions of clean solvent.

6.3.2 Surfaces Already Factory Pretreated and/or Primed — Such surfaces should be
treate3d on the lines given in 5.2.





7 IMPORTANCE OF EARLY APPLICATION OF PAINTS

7.1  After completion of the pre-cleaning, the ferrous surfaces shall be immediately
painted unless a rust-proofing (phosphating) or other interim process is employed. In the
latter case, the pre-cleaning shall be followed immediately by that process. If, for instance,
a sandblasted piece of steel left exposed for any length of time would thus have to be
retreated. In chemical cleaning, after removal of excess acids by thorough washings, the
articles shall be immediately dried and painted. Correct timing is essential in all processes
of preparation, while painting the ferrous surfaces.
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FOREWORD

This Indian Standard was adopted by the Indian Standards Institution on 30 Sept. 1977,
after the draft finalized by the Corrosion Protection Sectional Committee had been
approved by the Structural and Metals Division Council.

This standard has been prepared to assist engineers, architects, builders and others who
are responsible for the choice or application of measures to protect iron and steel
structures from atmospheric corrosion. The treatments suggested in this code represent
the minimum acceptable standard of good practice for important structures. However,
there may be some other usages for which lower standards of protection are acceptable
or are necessary for reducing the initial cost even though higher maintenance cost may
ensue. In order to ensure effective corrosion protection of steel structure, it is necessary for
owners of such structures, planners, consultants, companies carrying out corrosion protection work
inspectors of protective coatings and manufacturers to have at their disposal state of the art
information in concise form on corrosion protection by paint system. Such information has to be
as complete as possible, unambiguous and easily understandable to avoid difficulties and
misunderstandings between the parties concerned with practical implementations of protection
work.

An appreciation of the scientific principles of corrosion and its prevention is essential for
efficient use of modern protective schemes. This standard, therefore, gives an outline of
the basic principles of corrosion and its prevention. It also includes data on the relative
corrosivities at different places in India, knowledge of which is essential in selecting a
suitable protective scheme.

In the preparation of this standard, assistance has been derived from the following
publications:

CP 2008 : 1966 Protection of iron and steel structures from corrosion. British Standards
Instution.

ISO 12944 : 1998 Paints and varnishes — Corrosion protection of steel structures by protective
paint systems — Part 1, Part 2, Part 3, Part 4, Part 5, Part 6, Part 7 and Part 8.

RAO (KNP) and LAHIRI (AK), Ed. Corrosion Map of India, Corrosion Advisory Bureau
Council of Scientific and Industrial Research, Jamshedpur.





1 SCOPE

1.1 This standard (Part 3) illustrates the details of painting operations, paint schedules
and other coating applications applicable to ferrous structures for protection against
atmospheric corrosion.

2 TERMINOLOGY

2.1 For the purpose of this standard, the definitions given in IS 3531:1960* and 1S
1303:1963 shall apply.

3 GENERAL

3.1 All aspects of the work involved in the protection of steel structures against
corrosion should be considered at an early stage in the development and planning of any
project. This includes all the steps to be taken throughout the application of a protective
scheme from the delivery of the materials to the fabricating shop to the completion of the
work at site, together with provision for subsequent inspection and maintenance.

4 RECOMMENDED PROTECTIVE SCHEMES FOR GENERAL STRUCTURES

4.1 Basis of Recommendation — When selecting the appropriate grade of protection
attention should be given to the severity of the exposure conditions, nature of the
structure, its utility, expected life and maintenance schedule. The recommendations made
in Table 1 for the protection of steel work used outdoors are based on the results reported
from the outdoor exposure tests carried out at various centres in India and also on
experience of the protective scheme gained both by research and by observations of their
behaviour in service.

4.1.1 On the basis of the relative corrosivity of outdoor atmospheres it various parts of
India, the different regions may be broadly classified into the following categories :

Very high (Industrial / Marine)- C5 Above 0.25 mm/yr
High- C4 0.13 -0.25 mm/yr
Moderate- C3 0.05 - 0.13 mm/yr

Low- C2 0.025 — 0.05 mm/yr





Very Low- C1 Below 0.025 — 0.05 mm/yr

4.2  Protective Schemes -Taking into consideration the various factors, broadly three
different grades of protective schemes have been suggested in Table 1 for areas with
different corrosivities. They represent the minimum acceptable standard of good practice
and should prove economical in maintenance. Each protective scheme consists of metal
coating or a method or preparing the steel surface, followed by a paint system, sometimes
after an intervening pretreatment. Individual components of each system may be obtained
from Table 1.

4.2.1 Grade A Scheme( A)- Schemes to last for initial period of 5 years & above.
4.2.2 Grade B Scheme(m)- Schemes to last for initial period of 2-5 years.
4.2.3 Grade C Scheme (®)- Schemes to last for initial period of 1-2 years.

4.3 Performance of a Protective Scheme - It is rather difficult to predict the
performance of a protective scheme and selection should generally be made on the basis
of accumulated experience. The performance of coatings on similar structures or units
generally provide the guideance on which to base a sound judgement. It is not always
possible to recommended the unequivocally the best system for a particular situation;
only systems which are expected to give a reasonably good life may be suggested. The
user has to select the best combination of the protective scheme depending on
economics and availability.

5 SURFACE PREPARATION

5.1 Proper surface preparation contributes more than any other single factor to the
success of a protective scheme.

5.1.1 Where a metal coating is to be applied, the method of surface preparation is implicit
in the nature of the metal coating itself, for example, grit blasting is essential before metal

spraying.

5.1.2 Methods of preparation of steel surfaces for painting are discussed in Part II- The
choice between them is influenced by the nature of the structure, the condition of the steel
surface and the corrosiveness of the environment. Badly corroded steel needs special
attention.

5.2 Blast cleaning is recommended for all paint systems applied to important steel
structures and to structures whose location or function render access difficult. It should
also be used for steel work subjected to the following service conditions:

a) Severely corrosive atmospheres,
b) Sudden variations of temperature,





C) Alternating stresses, and
d) Continuous vibration.

Blast cleaning roughens steel and it is essential that an adequate thickness of priming
paint be applied to cover the peaks on the surface.

5,3 Where practicable, pickling followed immediately by an organic coating is an
acceptable alternative to blast cleaning throughout, except that blast cleaning to a first
quality finish is preferable beneath chemical resistant paints for best results.

5.4 Flame cleaning is inferior to blast cleaning and pickling for use on new steel work. It
is of value for drying the steel at the time of painting and for some types of maintenance
work.

5.5 Intermediate Protective Treatment — The adoption of intermediate treatment like
phosphating and wash/etch primer treatment, after cleaning and derusting of steel
surfaces and prior to application of protective paint finishes may give additional protection
against corrosion. The life of a paint scheme may be improved by 50 percent due to
phosphating and somewhat less for wash/etch primer.

6 METAL COATINGS

6.1 Metal coatings, when used in combination with suitable paint systems, prevent the
onset of rusting in severely corrosive conditions where paint alone gives protection only
for a limited (short) period. Therefore, they are particularly valuable where it is essential
that rusting should not take place, or where the intervals between maintenance are
protracted. They are also effective in chemical atmospheres, provided proper metallic
coating is chosen.

6.1.1 For steel work the choice generally lies between hot-dip galvanizing, sprayed zinc
and sprayed aluminium. If a zinc coating is to be used alone, hot-dip galvanizing should
be generally preferred, because of the smoothness and freedom from porosity of this type
of coating.

6.1.2 Aluminium coatings are useful for protecting steel in severe service conditions at
high temperatures and form a good basis for heat resisting paints. Aluminium coatings
need protection against alkaline exposure conditions.

6.2 Metal coatings need not be painted, provided they are thick enough to withstand the
service conditions for the desired life of the structures. They give long term protection, for
example, unpainted zinc coatings weighing 570 g/m? of surface (75 to 100 pm thick)
have been observed to last for 5 years of more in an industrial environment and for much
more than 20 years in a rural one. However they do not protect steel in enclosed humid
and polluted spaces. An unpainted aluminium coating 570 g/m?had an even longer life of
above 10 years in an industrial environment.





6.3 The paint may be applied to metallic coating with or without etch/wash primers
followed by two coats of Zinc Phosphate in modified oleo-resinous vehicle or red oxide
for both aluminium and zinc coatings. The remaining coats of the paint system should be
adequate to build up the necessary total dry film thickness. If the roughness of the sprayed
metal surface exceeds the recommended limit of 100 um maximum amplitude, extra coat
of priming paint should be applied and the roughness should be reduced before painting
by rubbing lightly and the roughness should be reduced before painting by rubbing lightly
with enery cloth. The finishing coat should be the same as shown in Table 1. The total
dry film thickness should be at least 150 pum.

7 PAINTS

7.1 Priming Paints — The essential property of the individual paints in a system is
that they should provide successful protective schemes when combined in the
recommended manner. Ordinary red-oxide may be dependent upon only for in land

dry places like Delhi Red-oxide should be in areas where humid tropical conditions are
obtained. The paints should be based on Epoxy/Chlorinated rubber vehicles. It may be a
necessary to use Zinc-Phosphate epoxy/Zinc rich epoxy/Zinc Silicate primers in coastal
areas. For hand cleaned and pickled surfaces it is advantages to use Zinc-Phosphate
epoxy primers.

7.1.1 Zinc-Phosphate is suitable extender based on an oleo-resinous/Epoxy medium. It
is especially suitable for priming light alloys used in the aircraft industry, but is generally
used for the protection of light alloys as well as steel work.

It may be used both under marine and inland outdoor conditions. It is, the other usual
alternative to red lead primer where use of lead pigment is prohibited. It is non-toxic and
is suitable for application both by brushing and spraying and dries quickly.

It is valuable for use over sprayed metal coatings for which purpose red lead primer is
unsuitable.

7.1.2 Zinc Rich Primer — The metallic zinc pigment in these primers should be bound in a
medium of epoxy resin, chlorinated rubber or polystyrene so as to yield a paint suitable
in all respects for brush application. Zinc rich paints in cold-cured epoxy resin media are
used as prefabrication primers and are also applied at full coating thickness to fabricated
steel.

Other uses of zinc rich paints are as primers in chemical resistant paint systems and for
making good the damage to metal coatings which, for example, occurs after welding,
before these are painted. Zinc rich paints should be applied only to carefully prepared
steel, preferably to blast-cleaned surfaces. Zinc rich primer is porous in nature and hence
top coated with epoxy or polyurethane.

7.1.3 Under Coats - Generally under coats are formulated with higher pigment contents
SO as to give better barrier effects. Under coat also will increase the dry film thickness





(DFT) of total coating system. The vehicles used are Oleo-resinous/Chlorinated
rubber/Epoxy with Titanium Di Oxide/Micacious Iron Oxide (MIO) along with suitable
extender pigments.

7.2  Finishing Paints — Finishing Paints are to be formulated with weather resistant
vehicles along with ultra violet (UV) stable pigments. The distinction between undercoats
and finishing coats is not sharply defined in paint systems used to protect structural steel
work. Frequently the undercoat is a tainted version of the finishing paints.

7.2.1 Alulminium paint conforming to IS 2339:1963 is recommended mainly for its
reflective value.

7.2.2 Synthetic enamel conforming to 1S 8766 (Acrylic modified Alkyd base for UV resistant)
in long oil alkyd medium is an acceptable alternative.

7.2.2.1 Aliphatic Polyurethane conforming to IS 13213:2000

7.2.3 Chlorinated rubber based paints, Aluminium based paints and Alipathic
Polyurethane paints may also be used especially for marine environment.

7.3 Application of Paint — The performance of any painting system is strongly
influenced by the manner and circumstances in which it is applied. Important factors
include pro-gramme, correct storage of paint and its preparation for immediate use, the
ambient conditions at the time of painting, the preparation of the surface for painting, the
method of applying the paint, and the standard of workmanship.

7.3.1 It is difficult to apply paint satisfactorily outdoors in bad weather, therefore if site
painting is contemplated,; it is wise to study the local meteorological data and chose the
periods when the best weather conditions are to be expected for example, the summer
(hot and dry days) and not rainy seasons. Paint can only be applied if humidity is above 85%
or surface temperature of the substrate is 3°C above dew point temperature. Where painting
under adverse conditions is unavoidable, provision of heating or of some form to
temporary shelter may be helpful.

7.3.2 Painting is skilled work, which should generally be done under competent and
qualified supervision. For important work suitable inspection arrangements should be
made.

7.3.3 The common methods of applying paint are by brush, roller, air spray and airless
spray.

7.4  Thickness of Paint Film — Total thickness of the dry paint film is an important
factor and it is vital that this should be adequate for the purpose in hand. Where
circumstances permit, full use should be made of non-destructive thickness testers (Took
gauge) to check the thickness of individual coatings and of the complete painting scheme.





In severe conditions the dry film thickness of the paint system suggested in Table 1 can
go up to 400 microns.

8 CONDUCT OF THE WORK

8.1 Surface Preparation — The surface preparation should be thorough and the bare
metal surface should be primed as soon as possible afterward but in any case within 4
hours. If prepared surfaces are left uncoated for a longer period, they should be inspected
before painting and if necessary, prepared again.

8.2  Acceptable standards, as regards the condition for application of the protective
scheme at the fabricator’'s works and site, surface cleanliness before coating, interval
between coats and the conditions during transport to the site, should be mutually agreed
upon.

8.3  Application of Coating — The procedure of applying the whole or the major part
of the protective scheme under cover before dispatch to the site is preferred since the
painting may be done under predetermined controlled conditions. The resulting
performance of the protective scheme shall generally be markedly superior to that
obtained when painting is done at site.

8.3.1 When any part of the protective scheme is to be applied outdoors, at works or at
site, it should be ensured that the weather condition is as favorable as possible. Some
indication may be obtained by studying the local meteorological data.

8.4  Sprayed Metal Coatings — They are porous and when they are to be painted, they
should preferably be sealed immediately after application with a pretreatment primer or
other suitable organic coating.

8.5 Contact Surface and Edges — In structures in exposed positions or in highly
corrosive conditions, the surfaces to be permanently in contact having been properly
cleaned, should each be given a coat of priming paint before assembly and brought
together while this is still wet. Special care should be taken of rough surfaces and the
contact surfaces should be left painted.

8.5.1 Inthe case of structures within the electricity industry that may be subject to heavy
fault current, for example, overhead line towers and substation structures, no paint should
be applied to the mating surfaces of joints unless it has been confirmed that the paint has
and shall retain in service an adequately low resistance.

8.5.2 The contact surfaces of joints made with friction grip bolts should be left unpainted.
Special care should be taken after assembly to paint all edges and corners near the joints,
together with the bolt heads, nuts and washers, so as to prevent the ingress of moisture.
Special care is necessary for areas condensation and restricted air movement.





8.6 Drying Time — Each coat should be allowed to dry thoroughly (and to become
sufficiently cured in the case of chemical resistant paints that dry by reaction between
their components) before the next one is applied. Before proceeding, a check should be
made that the new coat is not softening the underlying paint.

9 MAINTENANCE

9.1 Maintenance is made much easier if the necessary requirements are taken into
account at the design stage.

9.2  The aim should be to keep the steelwork free from deterioration and need or repair,
whilst retaining an acceptable appearance, with the minimum of expenditure. This may
be achieved by well thought out, predetermined maintenance programmes, or by
repainting when inspection, which should be made systematically at regular intervals,
shows this to be necessary. In assessing maintenance, any operational losses and other
indirect costs due to interruption of production or service should be included.

9.3 The repainting of structures should always be taken in hand before the protective
coating shows sign of serious breakdown. Postponement of repainting until this occurs
will inevitably increase the cost of the work. Secondly, it pays to aim at the longest
possible interval between repainting, by using the paints best suited to the particular
conditions. The cost of the material generally forms buy a small part of the total cost of
repainting, although the quality of the paints purchases should naturally be
commensurate with the prices paid for them.

9.4 Maintenance work may involve repainting the whole structure, or alternatively
patch-painting to make good local breakdown followed later by complete repainting when
general deterioration of the old paint has become evident. The work itself is usually more
difficult than initial painting, because the choice of method on surface preparation is more
restarted; moreover, the conditions at site may be controlled only to a limited extent. This
is particularly true for marine structures where the maintenance of area in the tidal and
splash zones is especially difficult, which these are accessible. Similarly, in industrial
environments, there are many places where steam, exhaust gases, fumes, grit and other
forms of atmospheric pollution render it difficult to obtain good condition for painting.

9.5 The procedure adopted should be designed to restore a continuous film of paint of
the necessary minimum thickness, generally an average of 125 um, over the whole
surface of the structure. Present practice rarely achieves this standard over badly
corroded areas.

9.6 Unless experience has shown the need for change, it is preferable to use the same
types of finishing paint again. It may be necessary to change the priming paint to
accommodate the site conditions, and for the paint manufacturer to adjust the formulation
of paints to be applied over old paint, for example by altering the pigment/vehicle ratio,
SO as to compensate for the porosity of the weathered surface. Where a change is made,
the new paint shall be compatible with the old. For example, there is a risk of failure when





an oil paint is applied over an old coal tar pitch or bitumen coating; some coal tar pitch
and bitumen coatings are also mutually incompatible.

9.7 ltis improbable that the degree of breakdown of the protective scheme may be
uniform over the whole structure. Minor modifications to the structure to increase paint
durability at the worst affected areas should, therefore, be considered. There may be
places where smoke and fumes are trapped or where the drainage is ill-devised and water
lies about on the steel. Drainage may be improved, smoke traps bricked up, and
removable baffles fitted to protect the steel against exhaust and chemical fumes.

9.8 Clearly, maintenance painting is practicable only for structures that are accessible for
at least limited periods. For inaccessible immersed parts of marine structures and for
buried structures generally, the only possible course when the initial protective scheme
fails t last for the desired life of the structure is to install cathodic protection [see IS 8062
(Part 1):1976* and 1S 8062 (Part 2):1976%*].

9.9 Criteria for Repainting

9.9.1 Paint — The breakdown of the protective paint film, in order of increasing
seriousness, takes the form of chalking, checking, cracking blistering, rust staining and,
finally, the breaks trough of rust and flaking of the paint.

9.9.1.1 Repainting should always be carried out before the finishing coats have ceased
to protect the priming coat properly, or have deteriorated to such an extent that they do
not provide a suitable basis for new paint. This procedure makes it unnecessary to
remove the bulk of the old paint, structure. If breakdown is not permitted to proceed
beyond the chalking stage, the only surface preparation needed before repainting is
washing down and drying off.

9.9.1.2 The difficulty and cost of maintenance painting increase greatly if the work is
deferred beyond the time when marked erosion of the finishing coats has occurred,
accompanied possibly by the development of rust pustules that have not broken the paint
film. After the paint film has been ruptured by rest, breakdown proceeds at an increasing
rate and the stage is reached at which repainting cannot be done satisfactorily without
removing the old paint completely, which adds greatly to the expense incurred.

9.9.1.3 The criteria for deciding whether repainting should be under taken or not will vary
with the age of the structure. The decision may also be complicated by the fact that
breakdown is seldom uniform all over the surface, so that some parts may need renewal
and others not.

9.9.1.4 The necessity for repainting old structures that have been properly maintained
and already repainted several times generally arises through serious degradation of the
outer coat or coats of the paint system or through the development of serious rusting at
joints edges, nuts, bolts, and places that are difficult to protect well, for example pockets
or parts subject to stress concentration or vibration. Then the degradation of the old paint





and the degree of local breakdown are the determining factors, and pictorial rust scales
have little bearing on the matter.

9.9.1.5 For new structures, failure of the initial painting scheme generally takes a
different form, and is often determined by blistering and flaking of the paint film with rusting
of the basic steel, over a relatively small proportion of the surface. This may occur long
before the degradation of the paint itself reaches the critical stage. The type of failure is
characteristic of weathered and hand-cleaned steel, and it should become less frequent
now that blast-cleaning and other better methods of surface preparation are more
generally adopted.

9.9.1.6 In practice, therefore, where the paint was applied to weathered and hand-
cleaned steel, it may be wise to regard a small degree of rust and rust-staining as the
criterion for repainting a structure in the early stage of its life. On blast-cleaned surfaces
initial breakdown may take the form of pinpoint resting at peaks in the steel surface that
have not been adequately covered with paint. On pickled surfaces and on blast-cleaned
surfaces to which sufficient paint cover has been provided peak rusting is absent, and
repainting becomes necessary only when the finishing coats are showing erosion to such
an extent that the priming coats are not sufficiently protected.

9.9.1.7 If peak rusting develops, repainting should be undertaken at once. If the work is
done as soon as the defect becomes evident a thorough scrubbing down with clean, fresh
water should prove sufficient surface preparation for the application (after the surfaces
has dried thoroughly) of a further coat or further coats of paint.

9.9.1.8 Another type of failure occurs, in which the paint film becomes embrittled and
loses much of its adhesion without serious rusting of the substrate. As paint in  this
condition does not provide a suitable basis for repainting, it is necessary, it is necessary
to strip to bare metal and start again.

9.9.2 Metal Coated Structures — Hot-dip galvanized surfaces left unpainted originally
should be painted before the useful life of the zinc coating nears its end. Slight rust-
staining is not an infallible indication of this, because the discoloration is often due to
corrosion of the iron-zinc coating alloys that lie below the surface of the coating itself and
not to attack on the basis steel. The safest course, however, is to paint as soon as marked
discoloration is observed.

9.9.2.1 Bare sprayed metal coatings may be adjudged to require painting at the following
stages:

a) When the first signs of rusting of the basis metal are observed, on a zinc coated
surface. Generally the transition from slight rusting to complete rusting takes only
a few months and the painting should be undertaken immediately.





b) When the coating itself begins to crumble appreciably because of the formation
within it of aluminium corrosion products, on a alumimium-coated structure.

Rust stains frequently develop at an early stage on bare sprayed aluminium coatings
(probably because of the porosity of the coating). These are generally transient and may
be ignored.

9.9.2.2 As a general principle, it is advisable to paint over a metal coating some time
before this is approaching the end of its life rather than to postpone the operation until the
coating shown marked failure. It is important to a avoid delay in repairing paint over metal
coating. Moisture retained in a broken down paint film may cause rapid corrosion and
wastage of a metal coating beneath it.

9.10 Timing of Operations — Although there may be rare cases where it is practicable
to remove a structure, part by part, paint the parts under good conditions elsewhere, and
replace them after painting; maintenance painting almost invariably take place on site. If
the structure is an outdoor one, inclement weather will seriously interfere with and
complicate the operations. Maintenance should, therefore be programmed for times when
suitable weather can be expected. Local factors, such as the closing down of nearby
smoke-producing plant during a works holiday, may affect the choice of date.

10 PROCEDURE FOR REPAINTING

10.1 General — If good practice has been followed at all stages of the initial or previous
painting, and maintenance is undertaken at the proper times, it should seldom be
necessary to strip all the old paint from a structure before repainting it. The ideal condition
in which none of the old paint has deteriorated beyond the stage at which a simple
washing down suffices is equally rare. Some parts of the structure will need repainting
before the main body of the paint has neared the end of its life. It may be better to repair
these damaged areas by patch-painting and to leave the rest alone until later.
Experienced judgment will strike the economic balance between this course and
repainting all over at regular intervals. The decision may well turn on aesthetic
considerations and the accessibility of the structure.

10.1.1 The number of coats to be applied when complete repainting is undertaken will
also be decided by economics. The increase in the interval between repainting resulting
from the use of more coats of paint should be balanced against the increased cost of
materials and labour, the comparisons being made on a cost per annum basis.

10.1.2 It is more difficult to attain the desirable standards of workmanship and
satisfactory ambient conditions for application at site than in the shop, where practicable
temporary screens or cover should be provided to shield areas from rain and heavy
atmospheric pollution.

10.2 Surface Preparation





10.2.1 General — Thorough surface preparation is essential to the success of
maintenance painting. With the exception of pickling, the methods described in Part Il are
also practicable at site, but in general they are likely to prove less efficacious there than
when used initially in the shop.

10.2.1.1 The choice of method depends on the condition of the ole paint. Since the
conditions of the paint may vary in different parts of the structure, it may be better to
employ a variety of methods.

10.2.1.2 Chemical rust removers and paint strippers are not recommended. If
exceptionally, paint strippers have to be used, a non-flammable solvent type, based on
methylene chloride, should be selected, and great care should be taken to remove all
residues from the surface.

10.2.1.3 All removable obstructions to the surface, for example advertisement hoardings,
should be taken down and as few as possible of them replaced after the repainting is
completed.

10.2.1.4 Particular attention should be paid to the cleaning of crevices and other places
where dust and dirt aver collected, and the filling in of such crevices with inhibitive mastic
paste or steel packing coated with red lead paint, should be considered. The use of fillers
to build up a smooth surface prior to repainting badly corroded members is best avoided
where stress-carrying members are concerned, because this may disguise the loss of
section and thus lead to a false sense of security.

10.2.2 Hand-Cleaning — Hand-cleaning, to be effective, must be done thoroughly.

Washing down with fresh water will often be necessary and should be regarded as a
normal procedure for marine structures; failure to remove the deposits of sea-salts on
these may lead to rapid failure of paint applied to them. The water should preferably be
warm and contain 1 or 2 percent of liquid detergent. The cleaning should be completed
by rinsing with clean, hot, fresh water, taking care to remove residues of the cleaning
agent from folds and crevices.

10.2.2.1 Pressure steam jets are effective for removing adherent grime from sound paint,
but care is needed to avoid damage to the paint itself. Emulsion cleaners may also be
used and are less liable to damage the paint, but the residues must be thoroughly by
warm water rinsing.

10.2.2.2 Any oil or grease present on the old paint should be removed by treatment with
clean white spirit or naphtha or a mixture of the two or by means of mixtures of aqueous
detergents with organic solvents; alternatively, steam jets may be used. The same
methods may be used to clean bare steel surfaces.

10.2.2.3 If deterioration has not reached the stage where stripping to bare metal is
desirable light scraping and wire-brushing should precede the cleaning. The aim should





be to break any fine blisters and to remove any isolated nodules of rust and all loosely
adherent paint without damaging the firmly adherent paint surrounding these isolated
areas.

10.2.2.4 Whatever the condition of the old paints that is allowed to remain, some slight
roughening of the surface, for example by light sand-papering, is desirable as this tends
to improve the adhesion of the new painting scheme. Mild surface abrasion may be
essential when preparing some hard gloss finishes for repainting.

10.2.3 Blast Cleaning — Where the old paint has to be removed complete, blast-cleaning,
if practicable, is the best surface preparation. The conduct of this process at site is made
cheaper by the use of an expendable abrasive; when this cannot be used because of the
dust created, closed-circuit vacuum apparatus may be a substitute. The same
precautions should be taken as in the shop to avoid contamination of freshly blasted
surfaces and to limit the interval before priming them. Because of these factors, the
progress of blast-cleaning at site is greatly expedited by the use of a quick-drying primer.

10.2.4 Flame-Cleaning — Where access is difficult, or where the steel has become badly
pitted, or where humid conditions make it difficult to get a dry surface for painting, flame-
cleaning is often the best and sometimes the only practicable means of obtaining a
reasonable standard of surface preparation.

10.2.4.1 Flame-cleaning should not be used to remove thick coatings of tar of bitumen;
nor is it an economical procedure for stripping old intact paint. As a rough guide, its use
should be considered only when the break-down of the old paint has reached roughly 20
percent of rust by area or beyond.

The process cannot be used near glass or flammable materials, and difficulty may arise
in disposing of the dust to which it gives rise. The heat of the flame distorts light sections.

10.2.5 Metal Coatings

10.2.5.1 Where zinc and aluminium coatings are intact, the preparatory work may be
restricted to washing down with fresh water and scrubbing with hard bristle brushes. This
procedure should be used when zinc-coated steel that has not been painted initially has
begun to show signs of deterioration but has not rusted apprediably. Where the zinc
coating has disappeared over areas of appreciable size and patches of rust have
apprehend, the surface preparation should be, the same as for steel. Unless, however,
the zinc has corroded away entirely, hand cleaning shall generally be preferable to blast-
cleaning or flame-cleaning (which destroy the zinc), Steal wire brushed should be used.

10.2.5.2 Where sprayed aluminium coatings have crumbled appreciably or where local
rusting has occurred, vigorous wire-brushing is recommended.

10.3 Painting Schemes





10.3.1 The surface preparation together with the types and number of coats of paint
used for maintenance painting will be governed to a large extent by the condition of the
old paint, which may not be uniform all over the structure. Broadly, three kinds of surface
may be distinguished:

a) Areas of intact adherent paint where deterioration is confined to chalking and erosion
of the outer coats, accompanied perhaps by cleaned, washed down and dried, and then
given one or more coats of finishing paint.

b) Areas where appreciable but not excessive paint breakdown has occurred and there
is some blistering and pinhead rusting, but where the coating is otherwise sound and
adherent. These areas should be scraped, wire-brushed, washed down and dried. They
should then be given one or two coats of suitable priming paint, followed by two coats of
the finishing paint.

c) Areas where the paint has deteriorated badly and has not lost its adhesion, and where
the steel has rusted appreciably. These areas should be cleaned down to bare metal,
preferably by blast-cleaning; flame-cleaning may be an acceptable alternative. If neither
method is practicable, resort shall have to be had to hand-cleaning, and then be applied
to these bare areas in accordance with the appropriate recommendations.

In practice, a uniform and clear-cut distribution of these three types of breakdown over a
given structure seldom occurs, and a broad subdivision of the complete surface into areas
of reasonable size may prove necessary.

10.3.1.1 Experience is the best guide as to where to draw the dividing line between areas
of type (b) and type (c). The former are most likely to arise at early maintenance paintings.
Generally, the performance of the maintenance scheme will fall off progressively as the
degree of rusting of the surface over which it is applied increases.

10.3.2 The total number of coats of paint in the maintenance schemes suggested above
is a matter of judgment, but it should suffice to restore the paint film to a satisfactory
thickness everywhere. In some circumstances, for example where access is difficult, it
may be economical to apply more coats than the minimum necessary, so as to increase
the interval between maintenance periods.

10.4 Conduct of Maintenance Work

10.4.1 Where different treatments are given to different areas of a structure, planed co-
ordination of the work is important. It may, for example, be advisable, where complete
repainting is contemplated, to clean down the firmly adherent paint before patch-painting
is taken in hand. At areas where the paint is removed entirely, the areas of clean bare
metal should extend for at least 25 mm all round the boundary of the defect. The ridges
of sound paint surrounding the patch-painted areas should be carefully chamfered with
sandpaper, so as to remove sleep edges between the old and the new paint.





10.4.2 Immediately following the preparation of the surface for patch painting, the first
priming coat should be applied. This coat and each of the following coats should be
carried over the adjoining sound paint all round for at least 50 mm. When the structure is
not to be completely repainted, an attempt should be made to match the finishing paint
the old paint, but a full finishing coat or coats may have to be applied if a uniform
appearance is essential.





Recommended protective schemes to be used under different corrosive environments.

Priming coat(s) Top coat(s) including Paint system Intensity of corrosion
Surface intermediate coat(s) C1l C2 C3 C4 C5
preparation Binder Type of | No.of | NDFT Binder | No.of | NDFT Total Total Very | Low | Medium | High Very
grade Primer Coats | in (W) Coats | in (p) No.of | NDFT in | Low High.
Coats () 1/IM
1-2 80 AK 2-3 120 3-5 200 A n ° - -
2 12| 8 | AYICR | 2.3 | 120 | 3.5 200 A = - -
1-2 80 AY 1 40 2-3 120 A ] - - -
AY
1-2 80 AYI/CR 1-2 80 2-4 160 A A n - -
1-2 80 EP/PUR/ | 1-2 80 2-4 160 A A n - -
MISE AY/CR
1-2 80 EP/PUR/ | 2-3 120 3-5 200 A A A [ -
EP/PUR AY/CR
Sa 2% 1-2 | 160 | EP/PUR | 1-2 | 160 | 2-4 320 A A A A =
1-2 200 EP/PUR 1-2 200 2-4 400 A A A A A
1 40 EP/PUR/ | 2-3 160 3-14 200 A A A (] °
EP/PUR | ZN(R) AY/CR
1 40 EP/PUR | 3-4 240 4-5 280 A A A A n
1 80 EP/PUR/ | 2-3 120 3-4 200 A A A n °
AY/CR
ESI ZN(R) 1 80 EP/PUR | 2-3 160 3-4 240 A A A A L
i 80 EP/PUR | 2—4 | 240 3-5 320 A A A A A
A Grade A — Schemes to last for initial period of 5 years & above EP — Epoxy Zn(R) — Zinc reach primer
m Grade B — Schemes to last for initial period of 2 — 5 years. PUR — Polyurethane AK — Alkyd
e Grade C- Schemes to last for initial period of 1 — 2 year. ESI — Ethyl Silicate AY — Acrylic

CR — Chlorinated rubber

C1 - Very low corrosive environment (less than 0.025 mm per year).
C2 - Low corrosive environment (0.025-0.05 mm per year).

C3 -Medium corrosive environment (0.05-0.12 mm per year).

C4 -High corrosive environment (0.12-0.25 mm per year).

C5-

i)Very high corrosive Industrial environment (more than 0.25 mm per year).
ii)Very high corrosive Marine environment (more than 0.25 mm per year).
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Comments on Appendix 1:


1) Page no: 02, L# 08, Point 3.1. The sentence “the anodic points...” could be split into two sentences


2) Page no: 02, L# 15, Point 3.1.1. Add comma after ‘cell thus formed’


3) Page no: 02, L# 22, Point 4.1.1. Add coma in second sentence after ‘Certain metals”


4) Page no: 02, L# 25, Point 4.1.2. Add after ‘in dry oxidation’, remove ‘s’ from ‘large amounts’


5) Page no: 03, L# 02, Point 5.2. Add comma after ‘suffer rapid attack’


6) Page no: 03, L# 30, Point 5.5. Atmospheric pollution – ‘pollution are’ it should be ‘pollutants are’


7) Page no: 03, L# 31, Point 5.5.  At line 4, ‘but’ should be introduced after ‘the amount of sulphur in coal varies’


8) Page no: 03, L# 32, Point 5.5 The percentage numbers should be 10-5 to 10-2 instead 10-5 to 10-2


9) Page no: 03, L# 34, Point 5.5. At 7th line, SO2/dm2/day should be SO2/dm2/day


10) Page no: 3, L# 43, Point: 5.5. Sequencing of Table is necessary


11) Page no: 04, L# 02, Point 5.5.1. “responsible for high rated’ should be changed to ‘responsible for high rate’


12) Page no: 4, Table 1.  Spelling error in Title should be corrected from “DATE” to “RATE”.


13) Page no: 4, Table 1. Spelling: CHLORIDS --> CHLORIDES


14) Page no: 4, Table 1. Column 2: Formula error – SO3 --> SO2 


15) Page no: 5, L# 5, Point 5.8. The sentence “The drying effect may also be different according to the directions” is repeating 


16) Page no: 05, L# 07, Point 5.8. ‘ground water’ should be a single word, ‘groundwater’


17) Page no: 5, L# 12, Point 5.9.1. “Substantially” to be replaced by “Nearby”


18) Page no: 6, Table 5. SO2 (mg/m2d) is 0.1 for Coimbatore in reference.


19) Page no: 6, Table 5. Salinity (mg/m2d) is 26 for Kolkata in reference.


20) Page no: 6, Table 5. Salinity (mg/m2d) data not available for Marumago in reference.


21) Page no: 6, Table 5. SO2 (mg/m2d) and Salinity (mg/m2d) data not available for New Delhi in reference.


22) Page no: 6, Table 5. The average values of temperature and relative humidity, mentioned in the draft standard was calculated from the maximum and minimum values reported in the literature. This may be statistically erroneous. The average values needs to be calculated from the population or sample data. Hence, the reported range shall be presented.


23) Table. 5. Modify for: Coimabatore,  (SO2), Kolkata, Luknow, Marumagao and new delhi


24) Table. 6. Modify for: Bhopal, Dindugul and Sriharikotta


25) Page no: 9, L# 3, Point 5.9.1.1 This point is referring Fig. 1 which is not available here.


26) Page no: 10, L# 01, Point 5.9.2. Make the sentence simple.


27) Page no: 10, L# 01, Point 5.9.2.1. The copper mentioned here are copper and copper alloys or the steel with copper.


28) Page no: 10, L# 06, Point 5.9.2.1. Please add ‘in’ after ‘low alloy steels’


29) Page no: 10, L# 17, Point 5.9.4.  ‘in corrodible’ should be ‘non corrodible’


30) Page no: 10, L# 17, Point 5.9.4. Please the change the line as follows, ‘this is due to the presence of a thin protection oxide film on their surface which reforms’


31) Page no: 11, L# 24, Point 6.2.1. Metal coatings – last line should be ‘both act sacrificially and enhance the life of the steel’.


32) Page no: 11, L# 25, Point 6.2.1.1. 1st line ‘the’ should be deleted after ‘could have’. ‘That they’ should also be deleted and ‘since they’ could be added


33) Page no: 11, L# 30, Point 6.2.1.2. The line should be ‘coating of zinc and aluminium should be at least 75μm thickness’


34) Page no: 12, L# 10, Point 6.2.2.1. c) last line: there should be comma after ‘results’, and after ‘for example’ 


35) Page no: 13, L# 3, Point 6.2.2.7 First line has a blank with “.....”. Please fill the same
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Comments on Appendix 2:


1) Fonts are not consistent thorough out the article. Please make it consistent thorough out the article.


2) Formatting of paragraph is not consistent thorough out the article. Please make it consistent thorough out the article.


3) Please remove extra space between line 9 and line 10 on page no. 16.


4) Please remove extra space between “Safety precautions-” and “Petroleum ...” in line 10 on page no. 16.


5) Please remove extra space between “... grease from” and “articles ...” in line 26 on page no. 17.


6) Please remove extra space between “... articles that” and “cannot be ...” in line 32 on page no. 17.


7) Please remove extra space between “... oil and” and “obstinate ...” in line 41 on page no. 17.


8) Please remove extra space before “4.1.4.2 ...” in line 27 on page no. 18.


9) Please remove repetition of “derusting and” in lines 5 and 6 on page no. 19.


10) In line 10 on page no. 19, “remaining a mill” should be corrected to “remaining mill”.


11) In line 25 on page no. 19, “oxy0acetylene” should be corrected to “oxy-acetylene”.


12) Font of point 4.2.3.2, lines 4-6 on page no. 20, should be formatted to make it normal.


13) In lines 15-16 on page no. 20, symbol of degree Celsius should be corrected.


14) In line 23 on page no. 20, line “... immediately from.” should be corrected to “... immediately form.”    


15) On page no. 21 line 3 should be corrected from “... principle is t immerses the iron ...” to “... principle is to immerse the iron ...”


16) In line 11 on page no. 21, symbol of degree Celsius should be corrected.


17) Please provide space in “coating.The” between “coating.” and “The” in line 32 on page 21.


18) Please provide space in “see4.1.1.1” between “see” and “4.1.1.1” in line 41 on page 21. 


19) In line 26 on page no. 22, please correct “jphosphoric acid” to “phosphoric acid”.


20) In line 12 on page no. 23, “... since the lat traces of copper ...” should be corrected to  “... since the traces of copper ...”


21) In lines 24-25 on page no. 23, please correct “... Such surfaces should be treate3d on the lines given in 5.2.” to “...Such surfaces should be treated as procedure given in 5.2.”
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Comments on Appendix 3:


1) Fonts are not consistent thorough out the article. Please make it consistent thorough out the article.


2) Formatting of paragraph is not consistent thorough out the article. Please make it consistent thorough out the article.


3) Please remove extra space between line 18 and line 19 on page no. 25.


4) Please remove space in “la st” in line 1 on page 26. 


5) In line 4 on page no. 26, please correct “guideance” to “guidance”.


6) Content written in lines 14-16 on page no. 26 should be non-italic.


7) On page no. 26 at line 26, 5, 3 should be corrected to 5.3.


8) In line 19 on page no. 27, cited Table 1 is not found in this document.


9) Please remove extra space between line 24 and line 25 on page no. 27.


10) Please provide space between 7.1.2 and Zinc in line 36 on page no. 27.


11) In lines 42-43 on page 27, the line “Zinc rich primer ... epoxy or polyurethane.” should be non-bold and non-italic.


12) Please provide space between 7.1.3 and Under in line 44 on page no. 27.


13) The word “Di oxide” should be corrected to “Dioxide” on page no. 28 line 1.


14) Line 10 on page no. 28 “Aliphatic Polyurethane ... IS 13213:2000” should be non-bold and non-italic.


15) Lines 20-21 on page no. 28 “Paint can only be ... dew point temperature.” should be non-bold and non-italic.


16) On page no. 28 line 28, the word “Took gauge” should be non-bold and non-italic.


17) Lines 29-30 on page no. 28 “In severe conditions ... 400 micron.” should be non-bold and non-italic.


18) In line 2 on page no. 30, the unit of micrometer should be corrected from ‘um’ to ‘µm’.


19) Please remove extra space between “It is” and “improbable” in line 11 on page no. 30.


20) In line 18 on page no. 30, the line “... t last for the desired life ...” should be corrected to “... the last option for the desired life ...”


21) Please remove extra space between “in” and “this” in line 14 on page no. 31.


22) The word “aver” in line 25 on page no. 32 looks like wrong word for this place. Please replace it with “are”.


23) In line 22 on page no. 33 the point “10.2.5 Metal Coatings” should be bold.


24) In line 29 on page no. 33, please correct “Steal brush” to “Steel brush”.


25) Please add space between line 38 and 39 on page no. 33.


26) Line 44 on page no. 33, should be corrected to “If neither method is practicable, resort should be hand-cleaning, ...”


27) Please add “and” between “the finishing paint” and “the old paint” in line 24 on page no. 34.


28) Page no. 35, line 1, please provide table no.
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FOREWORD

(Formal foreword clause will be added later)

This standard has been prepared to assist engineers, architects, builders and others who are responsible for the choice or application of measures to protect iron and steel structures from atmospheric corrosion. The treatments suggested in this code represent the minimum acceptable standards of good practice for important structures. However, there may be some other usages for which lower standards of protection are acceptable or are necessary for reducing the initial cost even though higher maintenance cost may ensue. In order to ensure effective corrosion protection of steel structure, it is necessary for owners of such structures, planners, consultants, companies carrying out corrosion protection work inspectors of protective coatings and manufacturers to have at their disposal state of the art information in concise form on corrosion protection by paint system. Such information has to be as complete as possible, unambiguous and easily understandable to avoid difficulties and misunderstandings between the parties concerned with practical implementations of protection work. 

An appreciation of the scientific principles of corrosion and its prevention is essential for efficient use of modern protective schemes. This standard, therefore, gives an outline of the basic principles of corrosion and its prevention. It also includes data on the relative corrosivities at different places in India, knowledge of which is essential in selecting a suitable protective scheme. However, the corosivity data needs an update due to the environmental changes. 

This Standard was first published in 1977. This revision has been brought out to bring the standard in latest style and format of the Indian Standards. In addition, amendment issued has also been incorporated.

In the preparation of this standard, assistance has been derived from the following publications:

CP 2008 : 1966 Protection of iron and steel structures from corrosion. British Standards Instution.

· ISO 9223:2012 Corrosion of metals and alloys — Corrosivity of atmospheres — Classification, determination and estimation

· M. Natesan, N. Palaniswamy, Atmospheric corrosivity and durability maps of India, Corrosion Rev. 27 (2009) 61-112. 

· M. Natesan, S. Ramu, Atmospheric corrosion of metals at 58 locations in India:influence of atmospheric pollutants and deficiency of the ISO 9233 norm, 18th Corrosion Congress 1 (2011) 256-265

· M. Natesan, G. Venkatchari, N. Palaniswamy, A Rajeswari, A Novel Approach to Updating the Corrosiveness Maps of India, CORROSION (2008) 64 (2): 92–100.

· ASTM G1 Practice for Preparing, Cleaning, and Evaluating Corrosion Test Specimens

ISO 12944 : 1998 Paints and varnishes – Corrosion protection of steel structures by protective paint systems – Part 1, Part 2, Part 3, Part 4, Part 5, Part 6, Part 7 and Part 8.

RAO (KNP) and LAHIRI (AK), Ed. Corrosion Map of India, Corrosion Advisory Bureau Council of Scientific and Industrial Research, Jamshedpur.



For the purpose of deciding whether a particular requirement of this standard is complied with, the final value, observed or calculated, expressing the result of a test or analysis, shall be rounded off in accordance with IS 2 : 2022. ‘Rules for rounding off numerical values (second revision)’. The number of significant places retained in the rounded off value should be the same as that of the specified value in this standard.






Draft Indian Standard

CODE OF PRACTICE FOR PROTECTION OF IRON AND STEEL STRUCTURES FROM ATMOSPHERIC CORROSION

PART 1 GENERAL PRINCIPLES OF CORROSION AND ITS PREVENTION

(First Revision)

1 SCOPE

This standard (Part 1) covers the general principles of corrosion and its prevention. It also includes data on the relative corrosivities at different places in India. 

2 REFERENCES

The following Indian Standards contain provisions, which through reference in this text, constitute provision of this standard. At the time of the publication, the editions indicated below were valid. All the standards are subject to revision, and parties to agreement based on this standard are encouraged to investigate the possibility of applying the most recent editions of these standards indicated below: 

		IS No.

		Title



		IS 2062 : 2011

		Hot rolled medium and high tensile structural steel – Specification (seventh revision)



		IS 1303 : 1983

		Glossary of terms relating to paints (second revision)



		IS 3531 : 1997

		Glossary of terms relating to corrosion of metals (second revision)



		IS 6586 : 1989

		Metal spraying for protection of iron and steel – Recommended practice (first revision)



		IS 8508 : 1988

		Code of practice for hot-dip aluminizing of iron and steel (first revision)





3 TERMINOLOGY

For the purpose of this standard, the definitions given in IS 3531 and IS 1303 shall apply.

4 MECHANISM OF CORROSION

4.1 Iron and steel corrode in presence of moisture. The nature of this corrosion is electrochemical. At certain spots, known as ‘anodic points’, iron enters the electrolyte as ‘ions’, this entry being called the ‘anodic’ reaction. The anodic points may be breaks in the mill scale or an oxide film on the metal, or perhaps, places where because of heterogeneities in the crystal structure the atoms require less energy to break away than elsewhere. However, since the passage of ions into the electrolyte leaves electrons behind, it may continue only if elsewhere a ‘cathodic reaction’ has been established to use up electrons. A corrosion cell is thus set up. The cathodic reaction may be the reduction of oxygen to hydroxyl ion, although in acidic electrolytes, it may be liberation of hydrogen gas. 

4.1.1 The flow of current in the corrosion cell thus formed, results in attack on the metal at the anode, but the cathode is not corroded.

For example, the simple corrosion reaction of a iron (Fe) dissolution is usually expressed by the Equation (1), where the iron reacts (oxidised) to form ferrous ions according to the simplified reaction.



							(1)

This oxidation will take place at the anode.  Atoms of iron go into solution (dissolution) leaving behind 2 electrons.  These electrons are conducted through the metal to the cathode.  The cathodic reaction depends on the environment. In the presence of oxygen and moisture the cadoic reaction is the oxygen reduction reaction forming hydroxide ions as per Equation (2).





 			(2)



The evolution of  occurs as per Equation (3) when the hydrogen concentration is high in the atmospheres with a high degree of contamination by acid pollutants



				(3)

5 ATMOSPHERIC CORROSION

5.1 Atmospheric corrosion may be classified into three categories, namely:

a) dry oxidation or dry atmospheric corrosion,

b) damp atmospheric corrosion, and

c) wet atmospheric corrosion.

5.1.1 In dry oxidation all metals develop oxide films and remain free from corrosion. Certain metals for example copper, silver, brass etc, are however, tarnished if sulphur compounds are present in the atmosphere.

5.1.2 In case of damp atmospheric corrosion the atmosphere contains large amounts of water vapour and the corrosion has a close resemblance to immersed condition. Water vapour is present in concentrations above a certain minimum value (the ‘critical humidity’ see 6.4), and gaseous and solid pollutants are also present in traces.

5.1.3 In wet atmospheric corrosion, the metal surface is wetted by rain and dew. In these conditions, although approaching those of immersed conditions, corrosion is much more aggravated due to alternate wetting and drying and better replenishment of oxygen than under immersed condition, where the limited amounts of dissolved oxygen is not so easily replenished. Three different zones for immersion in water can be defined:

a) The underwater zone is the area which is permanently exposed to water

b) The intermediate (fluctuating level) zone is the area in which water level changes due to natural or artificial effects, thus giving rise to increased corrosion due to combined effect of water and atmosphere.

c) The splash zone is the area wetted by wave and spray action which can give rise to exceptionally high corrosion stresses, especially with sea water.

6 FACTORS COVERING THE CORROSION RATE

6.1 The severity of corrosion is controlled by a number of determining factors, such as condensation and moisture, atmospheric pollution (both industrial and marine), deposition of solid particles and surface condition of metals.

6.2 Effect of Condensation and Moisture 

At atmospheric temperatures, the metals used in engineering are generally resistant to direct oxidation and suffer rapid attack only when electrochemical action takes place. Usually an electrolyte is provided by a film or pocket of condensed moisture on metal surface or by wetting due to exposure to rain. It may also be provided by absorption of moisture from the atmosphere by hygroscopic substances like dust or other contaminants deposited on metal surface. Products of corrosion, such as rust are themselves hygroscopic.  Although pure water is only a weak electrolyte, natural waters maybe quite strong electrolytes. In industrial areas, the atmosphere is polluted with substances, such as sulphurous products of combustion which render atmospheric water much more corrosive. Near the sea and even at considerable distances inland, the atmosphere also contains chlorides, which again increases the corrosiveness of atmospheric water.

6.3 On exposure to air, almost all metals become covered with a surface film of oxide. Such films are very thin. The films, which are continuous and firmly adherent and occupy substantially the same volume as the metal from which they are formed, are protective. In dry air, the metal remains uncorroded. However, where the metal is exposed to damp atmosphere, the metal surface is liable to acquire a film of condensed natural water, so that the immediate environment is, instead of dry air, an electrolyte solution. Under such conditions a thin air-formed film of oxide generally affords little protection. Although it may be impervious to molecular oxygen, it is usually incapable of preventing access of ions to the metal.

6.4 Critical Humidity 

The critical humidity represents the relative humidity above which corrosion of metal becomes substantial. Below critical humidity, there is practically no corrosion although air-formed oxide film grows which causes some increase in mass of specimens. The critical value of relative humidity above which corrosion of iron becomes rapid is about 70 percent. However, if pollutants and/or hygroscopic salts are present, corrosion occurs at much lower humidity level.

6.4.1 In presence of pollutants, the value of critical humidity is generally reduced. For example, in the presence of traces of sulphur dioxide, the critical humidity of iron is 50 percent relative humidity. Above this value, there is pronounced increase in the rate of attack and the specimen becomes rapidly covered with rust. Similarly, in the presence of sodium chloride nuclei on its surface, the critical humidity of iron is reduced to 45 percent relative humidity.

6.5 Atmospheric Pollution 

6.5.1 Corrosion is greatly stimulated when the air contains sulphur dioxide and corrosive salts, such as certain sulphates and chlorides. The main sources of those types of atmospheric pollution are the combustion of coal and other fuels, exhaust gases of automobile and marine spray. The amount of sulphur in coal varies, about 11.5 percent being fairly overage. The normal sulphur dioxide content in air varies between 10-5 to 10-2 percent. Table 1 gives the data of salinity and sulphur dioxide pollution at various sites in India. Sulphur dioxide content varies between negligible to 1 mg of SO2/dm2/day. Sulphur dioxide contamination varies with season, being higher in winter due to higher fuel consumption.

6.5.1.1 Air Quality Assessment 	Comment by MTD DEO 2: National ambient air quality monitoring
NAAQMS/35/2011-2012

The air quality of different cities/towns has been compared with the respective NAAQS. The air quality has been categorized into four broad categories based on an Exceedance Factor (the ratio of annual mean concentration of a pollutant with that of a respective standard). The Exceedance Factor (EF) is calculated as follows: 

Exceedance Factor =  

The four air quality categories are: 

· Critical pollution (C) : when EF is > 1.5; 

· High pollution (H) : when the EF is between 1.0 - < 0.5;

· Moderate pollution (M) : when the EF between 0.5 - <1.0; and

· Low pollution (L): when the EF is < 0.5.

It is obvious from the above categorization, that the locations in either of the first two categories are actually not meeting the standards, although, with varying magnitude. Those, falling in the third category are meeting the standards as of now but likely to exceed the standards in future if pollution continues to increase and is not controlled. However, the locations in Low pollution category have a rather clean air quality and such areas are to be maintained at low pollution level by way of adopting preventive and control measures of air pollution. The pollution control classification is given in Table 1.

6.5.2 It has been nearly 40 years since the first pollution and corrosion rate data across India was made. Since that time, many environmental changes have occurred because of industrialization, population growth and enormous vehicle population. Hence it was thought to update the pollution corrosion rate data. 

6.5.3 Central Electrochemical Research Institute [CECRI], Karaikudi has initiated a long-awaited exercise to gather data on atmospheric pollution and corrosion rate of some of the widely used engineering materials viz. mild steel [MS], zinc [Zn], galvanized iron [GI] and aluminium [Al] under a wide variety of environmental conditions in 58 exposure stations. 

CSIR-Central Electrochemical Research Institute (CECRI), Karaikudi, in 1993, initiated an exercise to prepare a ‘Corrosion Map of India’ by collecting data on the atmospheric pollution and corrosion rate of some of the widely used engineering materials including mild steel  (MS), galvanized iron(GI) , zinc (Zn) and alumiunium (Al) in various environmental conditions. A total of 40 exposure centers were set up throughout India. These stations covered a wide range of the environmental conditions ranging from industrial, marine and rural to city areas. Various atmospheric data such as SO2, relative humidity (RH), rainfall, salinity were collected. CSIR –CECRI, Karaikudi sketched a ‘Corrosion Map of India’ based on the data collected over a period of 11 years from 1993-2011 throughout the length and breadth of the country. The corrosion map shows the atmospheric environments corrosivity and specific engineering metal corrosion rates within those environments. Chemical compositions of atmospheric conditions fluctuate with pollution levels and climate variations. Current data suggests that metal corrosivity is more dependent on specific spots rather than broader regional patterns. However, there is need to correlate always with the changes in atmospheric environment with the corrosion performance of the exposed metal.  A detailed knowledge of the properties of the materials in the atmospheric environment will help to make proper selection of construction material and efficiently for industries such as oil and gas, marine industry. . 



6.5.4 The updated pollution and corrosion data gathered over period of 1998 to 2010 are presented in Table 5 and Table 6 respectively.

6.5.5 The action of electrolytes on atmospheric corrosion is of considerable importance in dust and salt laden atmosphere of industrial and marine sites. In marine atmospheres the corrodant is sea salt, which may be dispersed either as liquid aerosols or dry particles. The presence of electrolytes in the air is responsible for high rated of corrosion near the sea where metals are directly exposed to sea surface or wind from the sea. Table 2 shows corrosion rates at some of the marine sites in India and the effects of distance from the sea.

6.6 Effect of Different Climates 

The corrosion rate is profoundly affected by the microclimate and to a lesser degree by the mass, size and shape of the metal, and by angle of exposure. For mild steel specimens exposed at an angle of 45o, the corrosion suffered in one month’s exposure and one year’s exposure varies widely with the climates (see Table3).

6.7 Effect of Location of Exposure 

Corrosion rates of a metal also varies with the location where the structures are erected. The proximity to source of pollution also plays a vital role.



6.8 Effect of Orientation of Exposure 

The orientation of metal specimens influences the corrosion rates due to its effect on the amount of moisture or atmospheric contaminants that can react with the surface. The relative corrosion of specimens facing different directions largely depends on the extent to which the prevailing wind may carry the pollution from their sources. The drying effect may also be different according to the directions. The drying effect may also be different according to the directions. However, in a study at an industrial site with low sulphur pollution (Kanpur), it was observed that there was very little difference in the yearly corrosion rates of mild steel panels facing ground ward and skyward.

6.9 Effect of Metal Composition

The type and chemical composition of ferrous metals have a marked influence on their resistance to atmospheric corrosion.

6.9.1 Mild Steel 

Mild steels of the same composition but manufactured by different processes corrode at substantially the same rate. Increasing carbon content up to a limit of 0.25 percent has little effect. Ingot iron, which is really steel with the lowest practicable carbon content, resists corrosion no better than ordinary mild steel.







6.9.1.1 Small amounts of certain alloying elements, notably copper, chromium and nickel, increase the resistance of iron or steel to corrosion outdoors. The effect of the copper content is particularly marked. As is shown in Fig. 1, there is at first a progressive decrease in corrosion with increasing copper content but beyond a certain limit, which depends on the sulphur content of the steel, further additions cause little additional improvement. A copper content of 0.20 - 0.35 percent for the copper bearing quality of steel is specified in IS 2062.

6.9.2 Low-Alloy Steel 

Low-alloy steels contain deliberate but relatively small additions of alloying elements. Some of them, for example, a steel with I percent chromium, 0.6 percent copper and relatively high phosphorus and silicon contents, corroders in the open atmosphere at one-third or less of the rate for ordinary mild steel. They are not, however, immune to corrosion, and are better described as ‘slow-rusting’.

6.9.2.1 The improved corrosion resistance of copper and low-alloy steels outdoors is associated with the formation of a more compact and less permeable surface layer of rust. Natural weathering seems to favor this because these steels show little or no advantage when exposed indoors or when sheltered from rain.

6.9.2.2 Corrosion is most rapid during the first year or so, and the beneficial effects of low-alloy additions are of greater practical value in the more corrosive atmosphere.

6.9.3 Cast Iron 

Cast iron has good resistance to atmospheric corrosion and this is further enhanced if the casting skin on the iron is still intact. The corrosion resistance of nodular graphite cast iron is at least as good as that of flake graphite cast iron and there is evidence that it tends to be rather more resistant than the latter. 

6.9.4 Stainless Steel

Stainless steels contain high percentages of chromium and often of their alloying elements. The most resistant, for examples, steel containing 18 percent chromium, 10 percent nickel and 2 percent molybdenum, are virtually in corrodible in normal atmospheres. This is due to the presence on their surface of a thin protective oxide film which reforms and heals itself spontaneously if the surface is damaged. Stainless steels are liable to lose their corrosion resistance in non-oxidizing environments, which cannot repair the oxide film.

6.10 Surface Condition

6.10.1 Mill Scale 

Structural steel plates and sections produced by hot-rolling are covered with a thin blue-black or reddish-blue layer of iron oxides. The thickness and adhesion of the mill scale vary for different types and sizes of section and with the rolling conditions. Thicknesses of 25 to 50 µm are common on mild steel plate, but oxide scales up to 0.5 mm thick may result from forging or other heat treatment, or when a plate is heated for bending. Mill scale seldom adheres completely and permanently. It generally cracks and flakes appreciably while the steel is cooling down after rolling end is liable to spall from the metal during fabrication and subsequent exposure, even after protection by paint. Moreover, because it’s potential in dilute aqueous solutions is a few tenths of a volt nobler than that of bare steel, its presence on an immersed steel surface gives rise to a corrosion cell in which the steel is attached wherever the mill scale has been broken.

6.10.2 Casting Skin 

The casting skin on cast iron results from the reaction of the siliceous mould lining with the hot metal. It is more adherent than mill scale and is often protective. Rolled steel and cast steel of the same composition corrode at much at the same rates when the mill scale or casting skin has been removed.

6.11 Corrosion Products

6.11.1 General 

Corrosion produces a visible layer of rust on all ferrous metals other than the most resistant stainless steels. Sometimes rust stimulates corrosion by holding moisture in contact with the steel, but more generally its effect is to retard corrosion. The composition of the steel affects the composition and properties of the rust layer and consequently, the resistance of the metal to corrosion over a long period. The resulting differences between the corrosion rates of various types of iron and steel are more marked in the open air than when the metals are buried in soil or immersed in water, possibly because the conditions of outdoor exposure promote compaction of the surface rust.

6.11.2 Cast Iron 

When cast iron corrodes, it does so in a way peculiar to this material. Grey cast irons normally contain elements other than iron to the extent of about 8 percent, including carbon in the form of graphite, phosphorus in the form of iron phosphide and silicon. The graphite and iron phosphide are virtually unaffected by most corrosion processes they are often found remaining ‘in-situ’ after the iron has been removed by corrosion. The silicon also remains, but it is usually oxidized to silica or silicates, which help to bind the other constituents. As a result, the corrosion process leaves behind a non-metallic graphitic corrosion residue. This largely retains the appearance and shape of the original iron, although, of course, it is much weaker mechanically.



7.  METHODS FOR CORROSIVITY DATA COLLECTION

7.1 Materials to be exposed

The test panels to be exposed shall be mild steel, zinc, aluminium and galvanized iron. All metals used shall conform to appropriate Indian Standards. Each exposure station will be having a minimum of 3 exposure stands. Mild steel, Aluminium, Zinc and Galvanised Iron are to be exposed for a period of minimum 1 year. 



7.2 Size of Panels

The size of panels shall be 150×100 mm for outdoor exposure studies. Thicknesses of 2mm, 4mm and 6mm are recommended for mild steel for monthly and yearly exposure studies. For other metals and alloys any convenient thickness may be used.



7. 3 Identification and marking of panels

The metal panels shall be cut to size 150X100 mm from a single sheet. Metal punch may be used to have permanent serial number or holes as per standard numbering code may be provided in the panels for identification.



7.4 Preparation of test panels

	The metal panels shall be cut to size from a single sheet or from sheets manufactured in the same batch. The specimens shall be burnished with emery cloth of IS grit No. 80 on both sides and then breadthwise, finishing with circular motions until the whole surface is covered with circular burnishing marks. No treatment shall be given to galvanized steel and these will be exposed in ‘as received’ condition after properly degreasing. In case of aluminium, alumina abrasives shall be used instead of emery.

	All metal panels shall then degreased by swabbing vigorously with cotton soaked in sulphur-free toluene, benzene or acetone or trichloro ethylene. The panels shall be finally cleaned by rising in methanol to remove sweat and finger prints. During and after degreasing, the panels shall not be handled with bare hands but with a pair of clean forceps.



7.5 Exposure of panels



	The panels shall be exposed under outdoor conditions. All panels shall need weighed before exposure. Outdoor exposures shall be carried out on suitable aluminium racks. The panels shall be mounted at an angle of 45o to the horizontal. Specimens shall face south and shall be exposed at 1 to 1.5 metres above the ground level. The panels shall be held in position by ceramic or Perspex cleats.



	The panels shall be so arranged and fixed to the frame that corrosion products leaching from one panel do not contaminate the other and minimum area of the panels is shielded during exposures. Any bimetallic contact with bolts, nuts or frames shall be avoided.



7.6 Environmental Parameters



Determination of atmospheric sulphur dioxide and salinity shall be made as per standard procedures. Meteorological observations, like determination of atmospheric sulphur dioxide, salinity, temperature, humidity and rainfall shall be also made. 



7.7 Duration of Exposure



	The following data shall be collected.

A) Monthly corrosion rate, and

B) Yearly corrosion rate.

For monthly corrosion rate, two fresh panels of the metal under test shall be exposed every month. That is, if a test is initiated on a certain date, the panels, shall be removed from the exposure rack on the same date of the following month.

	For yearly corrosion rate, two fresh panels of the metal under test shall be exposed in each successive month of the year and shall be withdrawn after completion of one year’s exposure.



7.8 Inspection During Exposure



The exposed panels shall be periodically examined for nature and extent of corrosion. One of the two panels in each set exposed for one year shall be weighted every month and the monthly weight increments shall be recorded. These panels shall be put back continued exposure for a total period of one year. Pitting and perforation of specimens shall be noted.



7.9 Assessment of corrosion on termination of exposure



For monthly corrosion rates, the panels shall be removed from the exposure rack and shall be weighed, and the weight increments recorded. The corrosion products on the panels shall be removed as mentioned in Table III and the losses in weight of panels shall be determined by substrating the weights of the panels after derusting from the initial weights of the panels. The corrosion rate can be determined using the formula 





Corrosion rate (mm/y) = 87.6 X W/ A T D

Where,

W = Weight loss of the specimen in mg

A = Area of the specimen in sq.cm

T = Time in hours

D = Density of the specimen in gm/cm3

mm/y = Millimeter per year



For yearly corrosion rates, one of the panels in each set shall be weighed every month and both the panels at the end of one year to record the weight increments. They shall then be derusted by appropriate cleaning solutions mentioned and the losses in weight shall be recorded.



7.10 Removal of corrosion products



	The exposed panels shall be treated chemically by appropriate method for removal of corrosion products. The panels shall then be thoroughly washed with distilled water and dried in hot air.



8METHODS OF CORROSION PREVENTION

The modifications in the composition of the metals provide only a partial solution to the problem of reducing the corrosion of iron and steel structure. Preventive measures are generally needed which fall into three main groups namely:

a) treatment of the environment;

b) protective coatings; and

c) cathodic protection.

8.1 Treatment of the Environment 

Corrosion prevention by treatment of the atmosphere is necessarily limited to enclosed spaces. Here the condensation of moisture on the metal surface, caused either by rapid changes in temperature or by carrying on wet processes within a building, often lead to severe corrosion. Remedial measures include lagging the steel, space heating and the installation of air conditioning plants to reduce the relative humidity and the atmospheric pollution. To prevent rusting, the relative humidity should preferably be reduced to 50 percent and should never be allowed to rise above 70 percent. Desiccants may be used for this purpose in enclosed spaces, where air changes are not frequent. Volatile corrosion inhibitors, which create a thin film on the metal, may also be used.

8.2 Protective Coatings 

The essentials of a protective scheme are proper surface preparation prior to coating coupled with impermeability and adequate thickness of the coating itself. 

8.2.1 Metal Coatings 

Steel may be protected from corrosion by coating it with a more resistant non-ferrous metal. Zinc and aluminium are most commonly used for coating steel plates and sections. Both acts as sacrificial and barrier and corrodes  mitigates corrosion and thereby enhancing life of steel. 

8.2.1.1 Zinc and aluminium coatings have the further advantages that they resist abrasion better than paint, and that, being anodic to iron, they protect the steel at places where the coating is imperfect or becomes damaged. As exception to this in some circumstances potential difference between zinc and iron in water is reversed at high temperatures. Preferential corrosion of the iron then occurs with heavy pitting.

8.2.1.2 Coatings of zinc or aluminium, at least 75 µm or painted. 

8.2.1.3 The life of bare coating of both metals are roughly proportional to the average coating mass per unit area. Zinc may be applied by several methods but the nature of the process has much less effect on coating itself. Aluminium coatings are generally applied by spraying or hot-dipping (see IS 6586 or IS 8508). 

8.2.2 Paint Coating System

8.2.2.1 Paints 

Paint consists essentially of a finely divided solid constituent, the pigment, dispersed or suspended in a liquid constituent; the vehicle, which when spread out thinly changes in time to an adherent film. For most purposes, it is essential that this drying of the paint should occur within a few hours. For the majority of paints one or more of the following processes are involved.

a) Evaporation of a solvent from the vehicle, leaving behind a film of solid material. This applies, for example, to coatings simply of coal tar pitch, bitumen or chlorinated rubber in an organic solvent.

b) Conversion of constituents of the vehicle, for example, linseed oil to the solid state by chemical changes, involving mainly oxidation by atmospheric oxygen. Paints often contain driers to hasten these changes. This applies mainly to air drying paints.

c) Polymerization, condensation, or other reaction between the components of the vehicle brought about by putting a curing agent in the paint or by stoving.

Many paints in common use depend particularly for their drying on the second process, but the nature of solvent present is also important. If the solvent evaporates too slowly, as may occur when painting outdoors in cold climate, drying will be retarded and the paint film may suffer serious damage whilst it is exposed to the weather in an imperfectly hardened condition. Too rapid evaporation may also lead to bad results for example it may cause condensation on painted surface.

8.2.2.2 Paint vehicles 

There are three types of paint vehicles as follows:

a) Oil-based vehicles, which consist mainly of vegetable, drying oils, such as linseed oil and dehydrated castor oil, and oleo-resinous vehicles, which are made by incorporating resins into drying oils. Both these types dry mainly by oxidation.

b) Alkyd-resin vehicles, which are virtually a special case of the previous type. Vehicles based on drying-oil-modified alkyd resins are particularly useful for the manufacture of weather resistant finishing paints. These dry mainly by oxidation polymerization.

c) Chemical-resistant vehicles, which are used for paints that have to withstand very severe conditions, such as exposure to chemical fumes or immersion in sea-water. In the latter case good resistance to saponification is needed, because alkali is produced at the cathodes of any corrosion cells that may develop. This property is even more essential where paint is used in conjunction with cathodic protection, which renders the protected steel surface strongly alkaline. Epoxide resin, coal tar-epoxide, polyurethane, chlorinated rubber, isomerized rubber and vinyl resin, are some of the vehicles in this category. These dry by a combination of evaporation and polymerization depending on the type of vehicle used.

8.2.2.3 Pigment-binder ratio 

The choice of pigments for protective paints is discussed in 7.2.2.7. In general, for a given paint there is an optimum value of the ratio of pigment to binder at which the dry film has its best physical properties and maximum protective value.

Although practical consideration, for example, the need for easy brushing, may necessitate the use of a lower pigment/binder ratio, marked deviations from the optimum ratio will lessen the protective value of the paint.

8.2.2.4 Paint systems

The protective power of a paint film increases with its thickness, and there is a limit below which protection is not adequate. This limit naturally varies with the paint, the roughness of the steel surface, and the severity of the corrosive conditions. For protection against outdoor exposure four coats of ordinary air-drying paints are generally necessary. If the types recommended in this code are used, the average total dry paint film thickness of the complete paint system lies between about 90 to 300 µm (excluding filler and putti) according to the nature of the individual paints.

8.2.2.5 Discretion is needed in defining film thickness solely in terms of the average value, because marked differences, up to 100 percent, occur from paint to paint in the thickness applied by a skilled painter, and equally great differences occur as between one skilled painter and another.

8.2.2.6 Although thickness of 125 µm or more may be achieved in a single coat with some types of paint, for example, high-build coal tar pitch or high build epoxy or polyurethane (solvent free), most current paint systems consist of several coats, in which different formulations are used for the printing coats and the finishing coats. Multi-coat work helps to reduce the porosity of the paint film and to eliminate the risk of holidays and discontinuities. But it has the disadvantage of introducing internal contact surfaces between successive coats, where adhesion troubles may occur due to pollution during painting; normally, however this is a relatively infrequent cause of failure.

8.2.2.7 Any multi-coat paint system should be studied as a whole. Each coat should be suitable for its function and be compatible with other coats. Generally, a good bond results if the properties of successive coats are such, and the intervals between their applications are so timed that the wet upper coat exerts a slight solvent action on the surface of the lower one; this keeps the whole paint system together. 

a) Priming paints – The properties of the priming paint are most important. It should ‘wet’ the surface readily and provide a firm and adherent foundation for later coats. In addition, since paint films are not completely impermeable to corrosive agents, priming paints should contain inhibitive pigment.

The most common inhibitive pigments are Zinc-Phosphate and Zinc dust.

Zinc-Phosphate paints are normally made with oil based, epoxy and chlorinated rubber vehicles. Zinc rich paints are generally formulated with chlorinated rubber, epoxy resin and inorganic silicate vehicles.	

A Zinc silicate based paints can be used as a pre-fabrication primer.

b) Finishing Paints – The undercoats and finishing paints serve to protect the primer and enable it to retain its inhibiting effect on the metal. Some undercoats also act as a link between incompatible priming and finishing coats.

Finishing coats should be highly impermeable to moisture and gases and show good resistance to the environment.

Inhibitive pigments are not necessary in finishing paints, and inert pigments are generally more serviceable. Among these are lamellar pigments, such as leafing aluminium, micaceous iron oxide, glass flake and silica graphite, which orient themselves in such a way as to reduce the permeability of the film (for intact coating) and to retard its chemical degradation by sunlight. Other commonly used pigments are red iron oxide, white lead and rutile titanium oxide.

NOTE 

Care should be taken against the use of oil or oil based paint on metal sprayed structure exposed to marine environments because of the like hood of saponification of these materials.

8.2.3 Other Protective Coatings

Various coatings besides non-ferrous materials and paints are also used to protect iron and steel. These include hot-applied coat tar pitch and bitumen, wrapping tapes, plastics, and cement and concrete coatings.

Most of these coatings are of the excluding or blanket type, that is, they protect the metal mainly or solely by keeping out the corrosive agent. The overriding considerations of adequate thickness and proper adhesion to the steel base also apply.




Annexure





TABLE 1 Pollution Level Classification

(Clause 6.5.1.1 )

		Sl No.	Comment by MTD DEO 2: National ambient air quality monitoring
NAAQMS/35/2011-2012

		Pollution level

		Annual Mean Concentration Range ()



		

		

		Industrial, Residential, Rural and other areas

		Ecologically Sensitive Area



		

		

		SO2

		NO2

		PM10

		SO2

		NO2

		PM10



		(1) 

		(2) 

		(3) 

		(4) 

		(5) 

		(6) 

		(7) 

		(8) 



		i) 

		Low (L) 

		0 – 25

		0-20

		0-30

		0-10

		0-15

		0-30



		ii) 

		Moderate (M) 

		26 - 50

		21-40

		31-60

		11-20

		16-30

		31-60



		iii) 

		High (H)

		51 - 75

		41-60

		61-90

		21-30

		31-45

		61-90



		iv) 

		Critical (C)

		75

		60

		90

		30

		45

		90












TABLE 2 Ambient Air Quality in Different Cities

(Clause 6.5)

		Sl No.	Comment by MTD DEO 2: National ambient air quality monitoring
NAAQMS/35/2011-2012

		State

		City

		SO2

		NO2

		PM10



		

		

		

		Annual avg

(µg/m3)

		Air quality

		Annual avg

(µg/m3)

		Air quality

		Annual avg

(µg/m3)

		Air quality



		(1) 

		(2) 

		(3) 

		(4) 

		(5) 

		(6) 

		(7) 

		(8) 

		(9) 



		i) 

		Andhra Pradesh

		Hyderabad

		5

		L

		9

		L

		39

		M



		ii) 

		

		Nellore

		2

		L

		12

		L

		65

		H



		iii) 

		

		Vishakhapatnam

		7

		L

		16

		L

		71

		H



		iv) 

		

		Nalgonda

		5

		L

		23

		M

		85

		H



		v) 

		

		Vijayawada

		6

		L

		14

		L

		93

		C



		vi) 

		

		Warangal

		4

		L

		10

		L

		52

		M



		vii) 

		Assam

		Guwahati

		7

		L

		15

		L

		94

		C



		viii) 

		

		Dibrugarh

		6

		L

		14

		L

		38

		M



		ix) 

		

		Nagaon

		6

		L

		14

		L

		103

		C



		x) 

		

		Silchar

		6

		L

		16

		L

		81

		H



		xi) 

		

		Tezpur

		6

		L

		13

		L

		68

		H



		xii) 

		

		Tinsukia

		7

		L

		16

		L

		58

		M



		xiii) 

		Bihar

		Patna

		7

		L

		40

		M

		181

		C



		xiv) 

		Chandigarh 

		Chandigarh

		2

		L

		16

		L

		92

		C



		xv) 

		Chattisgarh

		Bhillai

		9

		L

		22

		M

		109

		C



		xvi) 

		

		Bilaspur

		8

		-

		19

		-

		-

		-



		xvii) 

		

		Korba

		13

		L

		21

		M

		104

		C



		xviii) 

		

		Raipur

		15

		-

		43

		-

		289

		-



		xix) 

		Dadra & Nagar Haveli

		Silvassa

		7

		L

		18

		L

		39

		M



		xx) 

		Daman & Diu

		Daman

		7

		L

		18

		L

		35

		M



		xxi) 

		Delhi 

		Delhi 

		5

		L

		55

		H

		261

		C



		xxii) 

		Goa

		Panaji

		4

		L

		17

		L

		85

		H



		xxiii) 

		

		Vasco

		6

		L

		19

		L

		59

		M



		xxiv) 

		

		Honda

		8

		L

		25

		M

		100

		C



		xxv) 

		

		Usgao

		6

		-

		10

		-

		245

		-



		xxvi) 

		Gujrat

		Ahmedabad

		15

		L

		21

		M

		95

		C



		xxvii) 

		

		Rajkot

		13

		L

		17

		L

		96

		C



		xxviii) 

		

		Surat

		16

		L

		24

		M

		76

		H



		xxix) 

		Haryana

		Faridabad

		18

		L

		29

		M

		164

		C



		xxx) 

		

		Hissar

		8

		-

		8

		-

		95

		-



		xxxi) 

		

		Yamunanagar

		12

		L

		26

		M

		261

		C



		xxxii) 

		Himachal Pradesh

		Baddi

		3

		L

		16

		L

		105

		C



		xxxiii) 

		

		Damtal

		2

		L

		11

		L

		68

		H



		xxxiv) 

		

		Kala Amb

		3

		L

		18

		L

		86

		H



		xxxv) 

		

		Parwanoo

		3

		L

		17

		L

		135

		C



		xxxvi) 

		

		Paonta Sahib

		3

		L

		13

		L

		58

		M



		xxxvii) 

		

		Shimla

		3

		L

		13

		L

		58

		M



		xxxviii) 

		Jammu & Kashmir

		Jammu

		7

		L

		15

		L

		115

		C



		xxxix) 

		Jharkhand

		Dhanbad

		15

		L

		36

		M

		184

		C



		xl) 

		

		Jamshedpur

		35

		M

		48

		H

		153

		C



		xli) 

		

		Jharia

		17

		L

		38

		M

		237

		C



		xlii) 

		

		Ranchi

		19

		L

		35

		M

		172

		C



		xliii) 

		Karnataka

		Bangalore

		14

		L

		31

		M

		89

		H



		xliv) 

		

		Mysore

		10

		L

		28

		M

		44

		M



		xlv) 

		Kerala

		Alappuzha

		2

		L

		17

		L

		61

		H



		xlvi) 

		

		Kochi

		4

		L

		17

		L

		61

		H



		xlvii) 

		

		Malapuram

		2

		L

		5

		L

		

		



		xlviii) 

		

		Trivandrum

		9

		L

		24

		M

		56

		M



		xlix) 

		Madhya Pradesh

		Bhopal

		9

		L

		18

		L

		133

		C



		l) 

		

		Gwalior

		12

		L

		20

		L

		308

		C



		li) 

		

		Indore

		14

		L

		18

		L

		120

		C



		lii) 

		

		Jabalpur

		2

		-

		25

		-

		135

		-



		liii) 

		Maharashtra

		Amravati

		12

		L

		14

		L

		118

		C



		liv) 

		

		Aurangabad

		6

		L

		21

		M

		75

		H



		lv) 

		

		Latur

		8

		L

		16

		L

		106

		C



		lvi) 

		

		Pune

		29

		M

		39

		M

		82

		H



		lvii) 

		

		Mumbai

		4

		L

		19

		L

		97

		C



		lviii) 

		

		Nagpur

		7

		L

		33

		M

		76

		H



		lix) 

		

		Nashik

		21

		L

		26

		M

		76

		H



		lx) 

		

		Navi Mumbai

		20

		L

		39

		M

		113

		C



		lxi) 

		Meghalaya

		Dawki

		2

		L

		6

		L

		71

		H



		lxii) 

		

		Shillong

		2

		L

		10

		L

		79

		H



		lxiii) 

		Mizoram

		Aizawl

		2

		L

		6

		L

		42

		M



		lxiv) 

		Nagaland

		Dimapur

		2

		L

		7

		L

		76

		H



		lxv) 

		

		Kohima

		2

		L

		5

		L

		66

		H



		lxvi) 

		Orissa

		Bhubneshwar

		2

		L

		18

		L

		84

		H



		lxvii) 

		

		Cuttack

		2

		L

		21

		M

		74

		H



		lxviii) 

		

		Rourkela

		5

		L

		11

		L

		105

		C



		lxix) 

		Punjab

		Amritsar

		14

		L

		36

		M

		219

		C



		lxx) 

		

		Ludhiana

		9

		L

		32

		M

		214

		C



		lxxi) 

		

		Patiala

		7

		L

		20

		L

		143

		C



		lxxii) 

		Puducherry

		Puducherry

		6

		L

		13

		L

		38

		M



		lxxiii) 

		Rajasthan

		Alwar

		8

		L

		24

		M

		225

		C



		lxxiv) 

		

		Jaipur

		6

		L

		37

		M

		164

		C



		lxxv) 

		

		Jodhpur

		6

		L

		22

		M

		181

		C



		lxxvi) 

		

		Kota

		10

		L

		29

		M

		132

		C



		lxxvii) 

		Tamil Nadu

		Chennai

		9

		L

		15

		L

		59

		M



		lxxviii) 

		

		Coimbatore

		5

		L

		27

		M

		78

		H



		lxxix) 

		Uttar Pradesh

		Agra

		5

		L

		20

		M

		185

		C



		lxxx) 

		

		Allahabad

		4

		L

		24

		M

		218

		C



		lxxxi) 

		

		Ghaziabad

		30

		M

		37

		M

		290

		C



		lxxxii) 

		

		Kanpur

		29

		M

		34

		M

		203

		C



		lxxxiii) 

		

		Lucknow

		8

		L

		34

		M

		204

		C



		lxxxiv) 

		

		Meerut

		8

		L

		47

		H

		166

		C



		lxxxv) 

		

		Noida

		11

		L

		46

		H

		132

		C



		lxxxvi) 

		Uttarakhand

		Dehradun

		28

		H

		30

		M

		162

		C



		lxxxvii) 

		West Bengal

		Asansol

		8

		L

		66

		C

		141

		C



		

		

		Durgapur

		8

		L

		66

		C

		141

		C



		

		

		Howrah

		12

		L

		75

		C

		118

		C



		

		

		Raniganj

		10

		L

		65

		C

		100

		C





L: Low, M: Moderate, H: High, C: Critical; critical classification based on Pollution Level Classification, Table 1;








TABLE 3 Data of Atmospheric Pollution Due to SO2 and Chlorides



		Sl No.

		Exposure Site

		Mean Value of Average

Sulphur Dioxide

Pollution 

(mg of SO3/dm2/day)

		Mean Value of Average

Salinity 



(mg of NaCl/dm2/day)



		(1)

		(2)

		(3)

		(4)



		i) 

		Ahmadabad

		0.42

		0.82



		ii) 

		Balasore

		--

		2.44



		iii) 

		Bhavnagar

		--

		14.84



		iv) 

		Bombay (NCML) l

		0.37

		0.22



		v) 

		Calcutta-Rishra

		0.31

		0.16



		vi) 

		Tiljala

		0.18

		0.16



		vii) 

		Cambay

		0.16

		2.12



		viii) 

		Cochin

		0.091

		0.60



		ix) 

		Digha

		--

		0.83



		x) 

		Goa

		0.63

		--



		xi) 

		Gulmarg

		--

		--



		xii) 

		Hyderabad

		0.27

		--



		xiii) 

		Jamshedpur

		0.99

		--



		xiv) 

		Jodhpur

		--

		--



		xv) 

		Kanpur

		0.1925

		--



		xvi) 

		Kandla

		0.3575

		2.728



		xvii) 

		Patna

		0.0858

		0.67



		xviii) 

		Rajkot

		1.10

		--



		xix) 

		Tezpur

		0.040

		--



		xx) 

		Chittaranjan

		1.18

		--














TABLE 4 Corrosion Rate at Marine Sites in India at Different Distances from Sea 



		Sl No.

		Station

		Distance in m

from the Seashore

		Corrosion Rate in mm/year for

Mild Steel



		

		

		

		Max

		Min



		(1)

		(2)

		(3)

		(4)

		(5)



		i) 

		Digha

		33

330

2 200

		1.35

o.54

0.28

		0.06

0.056

0.023



		ii) 

		Balasore

		22

45

		0.63

0.25

		0.024

0.009



		iii) 

		Mandapam Camp

		45

405

		0.69

0.147

		0.287

0.088



		iv) 

		Madras

		30

840

		0.34

0.26

		0.13

0.07










TABLE 5 Corrosion Rate of Metal at Various Location



		Sl No.	Comment by MTD DEO 2: DATA IS TAKEN FROM 0256-1654/96
1996 CECRI 	Comment by dushyant hawelikar: Atmosperic corrosion at different locations in south india

		Period Exposure

		Corrosion Rate (mm/year)





		

		

		MS

		Zn

		Al

		Cu

		SS



		(1) 

		(2) 

		(3) 

		(4) 

		(5) 

		(6) 

		(7) 



		Site I



		i) 

		3 months

		0.9700

		0.0440

		0.0007

		0.03000

		0.00150



		ii) 

		6 months

		0.8100

		0.2800

		0.0007

		0.02000

		0.00500



		iii) 

		9 months

		-

		0.0550

		0.0026

		0.01800

		0.00550



		iv) 

		1 year

		-

		0.0460

		0.0029

		0.01500

		0.00500



		Site II



		v) 

		3 months

		0.1340

		-

		-

		-

		-



		vi) 

		6 months

		0.1250

		-

		-

		-

		-



		vii) 

		9 months

		-

		-

		-

		-

		-



		viii) 

		1 year

		0.0820

		-

		-

		-

		-



		Site III



		ix) 

		3 months

		0.7800

		0.1050

		0.0110

		0.25500

		0.00060



		x) 

		6 months

		0.9666

		0.0625

		0.0092

		0.01460

		0.00060



		xi) 

		9 months

		0.6900

		0.0383

		0.0017

		0.00512

		0.00027



		xii) 

		1 year

		0.5300

		0.0448

		0.0020

		0.00870

		0.00040



		Site IV



		xiii) 

		3 months

		0.0630

		0.0270

		-

		-

		-



		xiv) 

		6 months

		0.0540

		0.0020

		0.0001

		-

		-



		xv) 

		9 months

		0.0480

		0.0015

		0.0004

		-

		-



		xvi) 

		1 year

		0.0420

		0.0030

		0.0005

		-

		-



		Site V



		xvii) 

		3 months

		0.0340

		0.0090

		0.0002

		-

		-



		xviii) 

		6 months

		0.0550

		0.0030

		0.0001

		-

		-



		xix) 

		9 months

		0.0530

		0.0020

		0.0004

		-

		-



		xx) 

		1 year

		0.0430

		0.0020

		0.0014

		-

		-





Where 

Site I – It is situated in Nellore District of Andhra Pradesh and is 50 M from Bey of Bengal

	Site II- it is situated 1 km from Bay of Bengal Near Kakinada of Andhra Pradesh

	Site III – It is situated at Mandapan in Tamil Naidu and 15 M from the sea shore

Site IV - It is situated at Kayamkulum in state of Kerala and 1 Km away from Arabian sea. But very to back water.

	Site V- It is situated 2km away from Arabian sea and is 16 km from Mangalore

	



TABLE 6 Atmospheric Corrosion Rates of Mild 

Steel at Various Sites

(Monthly rate for each month reported as mm/month and yearly rate as mm/year)

(Clause 6.3)

		Sl No.

		Months

		Kanpur

		Jodhpur

		Calcutta

(Tilgala)

		Tezpur

		Balasore



		(1)

		(2)

		(3)

		(4)

		(5)

		(6)

		(7)



		i) 

		January

		0.006 7

		0.000 2

		0.015

		0.003 8

		0.001 5



		ii) 

		February

		0.001 5

		0.000 3

		0.023

		0.001 5

		0.002 8



		iii) 

		March

		0.001 5

		0.000 8

		0.020

		0.001 2

		0.012 6



		iv) 

		April

		0.000 2

		0.000 5

		0.008

		0.002 1

		0.035



		v) 

		May

		0.000 8

		0.001 5

		0.010

		0.002 1

		0.0126



		vi) 

		June

		0.001 7

		0.000 3

		0.016

		0.003 5

		0.020 3



		vii) 

		July

		0.004 2

		0.001 9

		0.012

		0.003 8

		0.007



		viii) 

		August

		0.004 7

		0.002 1

		0.018

		0.004 1

		0.013



		ix) 

		September

		0.004 2

		0.000 7

		0.017

		0.004 3

		0.005 2



		x) 

		October

		0.003 8

		0.000 2

		0.016

		0.004 2

		0.000 8



		xi) 

		November

		0.004 2

		0.000 2

		0.010

		0.002 6

		0.001 3



		xii) 

		December

		0.007 2

		0.000 2

		0.013

		0.005 2

		0.001 8



		xiii) 

		Yearly

		0.031

		0.006

		0.078

		0.030

		--





Table 3 Atmospheric Corrosion Rates of Mild Steel at Various Sites

(Monthly rate for each month reported as mm/month and yearly rate as mm/year)

(Clause 6.3)     

		Sl No.	Comment by MTD DEO 2: DATA IS TAKEN FROM 0256-1654/96
1996 CECRI	Comment by dushyant hawelikar: Atmosperic corrosion at different locations in south india

		Months

		Corrosion Rate in mm/year



		

		

		Site II

		Site III

		Site IV

		Site V



		(1)

		(2)

		(3)

		(4)

		(5)

		(6)



		i) 

		January

		-

		0.036

		0.055

		0.040



		ii) 

		February

		0.046

		0.025

		0.055

		0.063



		iii) 

		March

		0.208

		0.031

		0.066

		0.063



		iv) 

		April

		0.211

		0.148

		0.045

		0.035



		v) 

		May

		0.162

		0.554

		0.095

		0.064



		vi) 

		June

		0.083

		0.708

		0.084

		0.162



		vii) 

		July

		0.068

		0.506

		0.070

		0.118



		viii) 

		August

		0.023

		0.536

		0.058

		0.128



		ix) 

		September

		0.064

		0.454

		0.041

		0.051



		x) 

		October

		0.067

		0.185

		0.029

		0.048



		xi) 

		November

		0.126

		0.095

		0.053

		0.025



		xii) 

		December

		0.128

		0.036

		0.045

		0.035











TABLE 7  Effect of Orientation of Mild Steel,

Specimens on Outdoor Corrosion at Kanpur

(Clause 6.8)

		Sl No.

		Month

		Year

		Orientation of Exposed Surface

		Corrosion Rate 

(mg/dm2/month)



		

		

		

		

		East

		South

		North

		West



		(1)

		(2)

		(3)

		(4)

		(5)

		(6)

		(7)

		(8)



		i) 

		December 

		1961

		Skyward 

Groundward

		178

202

		199

133

		234

216

		208

151



		ii) 

		January

		1962

		Skyward 

Groundward

		259

184

		275

135

		272

205

		340

239



		iii) 

		February

		1962

		Skyward 

Groundward

		128

124

		84

110

		134

107

		108

126



		iv) 

		March

		1962

		Skyward 

Groundward

		74

50

		68

53

		56

72

		83

59



		v) 

		April

		1962

		Skyward 

Groundward

		11

4

		19

3

		3

2

		6

2



		vi) 

		May

		1962

		Skyward 

Groundward

		12

3

		12

1

		6

--

		19

1



		vii) 

		June

		1962

		Skyward 

Groundward

		147

184

		133

144

		133

137

		148

136



		viii) 

		August

		1962

		Skyward 

Groundward

		105

130

		--

125

		128

141

		112

150



		ix) 

		October

		1961

		Skyward 

Groundward

		220

225

		206

140

		334

229

		318

225





 



[image: ]CORROSION OF STEEL g/dm2/ MONTH



COPPER CONTENT OF STEEL IN PERCENT



FIG 1 EFFECT OF COPPER CONTENTON THE CORROSION OF MILD STEEL OUTDOORS






TABLE 8: Average Climatic and pollution parameters of the exposure stations chosen for the Corrosion Map of India





		Sl No.

		Exposure Station

		Temperature[oC]

		Relative humidity[%]

		Rainfall

[mm]

		Pollutants



		

		

		Max

		Min

		

		

		SO2 mg/m2.d

		Salinity

mg/m2.d



		

		

		

		

		Max

		Min

		

		

		



		1

		Aligarh

		40

		6

		90

		58

		217

		11

		20



		2

		Bhavnagar

		30

		18

		85

		61

		186

		--

		--



		3

		Bhopal

		40

		10

		94

		52

		501

		Traces

		24



		4

		Bhubaneswar

		38

		16

		92

		55

		336

		8

		21



		5

		Chandigarh

		39

		7

		91

		58

		269

		Nil

		18



		6

		*Naval Base Chennai

		39

		20

		88

		59

		355

		18

		486



		7

		Coimbatore

		40

		20

		83

		69

		240

		0.1

		20



		8

		Cuddalore

		35

		21

		90

		64

		702

		Nil

		63



		9

		Dindigal

		37

		21

		82

		52

		64

		3

		15



		10

		Hyderabad

		45

		14

		84

		58

		165

		--

		18



		11

		Jorhar

		35

		16

		90

		61

		686

		10

		22



		12

		CECRI Unit Kochi

		32

		22

		95

		50

		580

		31

		50



		13

		Kakinada

		38

		17

		88

		63

		320

		Nil

		121



		14

		Karaikudi

		33

		21

		80

		65

		180

		Nil

		38



		15

		Kolkata

		36

		12

		90

		54

		320

		19

		26



		16

		Kanyakumari

		34

		22

		87

		58

		89

		Nil

		38



		17

		Kayamkulam

		34

		14

		96

		86

		426

		18

		448



		18

		Lucknow

		36

		17

		92

		64

		110

		--

		28



		19

		Mahendragiri

		37

		19

		92

		91

		83

		Nil

		Nil



		20

		Manali

		39

		19

		98

		59

		309

		25

		120



		21

		Mandapam Camp

		33

		26

		78

		57

		96

		Nil

		246



		22

		Mangalore

		34

		19

		92

		63

		308

		Traces

		110



		23

		**Marumugao Port

		33

		17

		86

		61

		248

		22

		425



		24

		Mettupalayam

		40

		15

		95

		84

		22

		630

		Traces



		25

		Mumbai

		33

		19

		89

		58

		945

		14

		48



		26

		Nagapattinam

		34

		22

		80

		61

		750

		Nil

		29



		27

		Naval Base Kochi

		32

		23

		99

		54

		592

		31

		79



		28

		New Delhi

		40

		6

		98

		56

		184

		--

		--



		29

		NIO Goa

		31

		16

		89

		63

		248

		Nil

		Nil



		30

		Padubidri

		33

		18

		93

		65

		310

		9

		124



		31

		Pondicherry

		36

		21

		85

		60

		735

		11

		37



		32

		Port Blair

		31

		22

		98

		59

		3028

		Nil

		356



		33

		Pune

		38

		12

		86

		64

		167

		12

		34



		34

		Salem

		38

		22

		85

		60

		68

		Nil

		45



		35

		Sriharikota

		40

		15

		98

		50

		450

		Nil

		5000



		36

		Surat

		42

		14

		92

		54

		310

		8

		22



		37

		Tirupur

		37

		20

		98

		86

		214

		1

		20



		38

		Tuticorin

		35

		21

		95

		53

		90

		534

		59



		39

		Visakhapatnam

		38

		18

		95

		61

		327

		13

		23



		40

		Warangal

		45

		15

		85

		60

		170

		--

		--









* The Chennai naval base exposure station was about 150 meters away from the Bay of Bengal Sea coast and situated nearby the port of Chennai. The port handles coal, crude oil and iron ore and other industrial products,and therefore a lot of dust was deposited on thesamples' surface.








TABLE 9: Corrosion category for the metals used in Map of Corrosion India



		Engineering Material 

		Corrosion rate/ mmpy

		Category



		Mild Steel 

		> 0. 2

		Extremely Severe



		

		0.1-0.2

		Severe



		

		0.02 -0.1

		Moderate



		

		<0.02

		Mild



		Zinc

		> 0. 1

		Extremely Severe



		

		0.003-0.01

		Severe



		

		0.001-0.003

		Moderate



		

		<0.001

		Mild



		Galvanized Iron

		> 0. 02

		Extremely Severe



		

		0.002-0.02

		Severe



		

		0.001-0.002

		Moderate



		

		<0.001

		Mild



		Aluminium

		> 0. 02

		Extremely Severe



		

		0.002-0.02

		Severe



		

		0.0002-0.002

		Moderate



		

		<0.0002

		Mild









[image: ]

Figure 2: A corrosion map of India for Mild Steel
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(Formal clause of the foreword will be added later)	

This standard was first published in 1970. While reviewing this standard in the light of experience gained during these years, the Sectional Committee decided to revise the standard.

This code has been prepared to provide a systematic and uniform procedure for conducting exposure tests of metals and alloys for collection of corrosion and pollution data.

This code has emerged as a result of detailed investigations instituted by the Corrosion Sites Panel of the Metals Research Committee of Council of Scientific and Industrial Research (CSIR). In the formulation of this code considerable assistance has been derived from the publication ‘Instruction manual for conducting field studies on atmospheric corrosion of metals’, prepared by B. Sanyal and G.K. Singhaniya, and published by the Defence Research Laboratory (Materials), Kanpur.



For the purpose of deciding whether a particular requirement of this standard is complied with the final value, observed or calculated, expressing the result of a test or analysis, shall be rounded off in accordance with IS 2 : 2022 ‘Rules for rounding off numerical values (second revision)’. The number of significant places retained in the rounded off value should be the same as that of the specified value in this standard.







Draft Indian Standard

CODE OF PROCEDURE FOR CONDUCTING FIELD STUDIES ON

ATMOSPHERIC CORROSION OF METALS

(First Revision)

1 SCOPE

1.1 This code deals with the procedure of conducting indoor and outdoor exposure tests on metals and alloys for collection of corrosion and pollution data.

1.2 Recommended methods for determination of atmospheric sulphur dioxide; salinity; air pollution, solid materials; temperature; humidity, rainfall and dew have also been described in the Annex A to E.

2 REFERENCES

[bookmark: _heading=h.gjdgxs]The following standards contain provisions which through reference in this text, constitute provision of this standard. At the time of publication, the editions indicted were valid. All standards are subject to revision and parties to agreements based on this standard are encouraged to investigate the possibility of applying the most recent editions of the standards indicated below.

		IS No.

		Title



		IS 3531 : 2024

ISO 8044 : 2020

		Corrosion of metals and alloys ― Vocabulary (Third Revision)







3 TERMINOLOGY

For the purpose of this code, the following definitions, in addition to those given in IS 3531, shall apply.

3.1 Dew Day 

A day on which at least 1 ml of dew is collected overnight on an area of 100 cm2.

3.2 Monthly Corrosion Rate 

The loss in thickness, calculated on the weight loss per unit area of the panel exposed for a period of one month and expressed in mm/dm2.

3.3 Panel 

A rectangular piece of metal of specified size, used for conducting exposure tests for corrosion studies.

3.4 Rainy Day 

A day on which the rainfall exceeds 2.5 mm.

3.5 Yearly Corrosion Rate 

The loss in thickness, calculated on the weight loss per unit area of panel exposed for a period of one year of 12 successive months and expressed in mm/dm2.

4 EXPOSURE SITE 

4.1 For the purpose of selection of exposure site, the country has been divided into eight climatic regions as indicated in Fig. 1.

4.2 The site shall be so selected as to appropriately represent one of these climatic regions.

4.3 In the location of the site care shall be taken against any obstructions of the free passage of air to the site.

5 MATERIAL OF PANELS

The test panels to be exposed shall be of mild steel and zinc. Other metals like galvanized steel, copper, aluminium, tinplate and stainless steel, may also be exposed if required. All metals used shall conform to appropriate Indian Standards.

6 SIZE OF PANELS

6.1 The size of panels shall be 150 mm × 100 mm for outdoor exposure and 150 mm × 50 mm for indoor exposure. A thickness of 1.25 mm is recommended for mild steel and zinc panels. For other metals and alloys any convenient thickness may be used.
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FIG. 1 CLIMATE MAP OF INDIA

Based upon survey of India map with the permission of the survey General of Indian. The territorial waters of India extent into the sea to a distance of twelve nautical miles measured from the appropriate base line.

7 IDENTIFICATION AND MARKING OF PANELS

7.1 Identification marks shall not be stamped on the specimens as they are likely to be obliterated by corrosion. Instead, notches (at 1 cm distances shall be cut at different distances from the corner along the edges of short and long sides of the specimens. With two notches on two sides on each specimen at different distances from a corner, a large number of combinations will be available for identification. As an example Fig. 2 shows the positions of notches for different specimens. Specimens (Aa, Ab, Ac) shall be denoted in record as 1.1, 1.2 and 1.3 respectively and specimens (Ba, Bb, Bc) as 2.1, 2.2 and 2.3, respectively.

[image: ]

All Dimensions in mm.

FIG. 2 METAL SPECIMEN  

8 PREPARATION OF TEST PANELS

8.1 The metal panels shall be cut to size from a single sheet or from sheets manufactured in the same batch. The specimens shall be burnished with emery cloth of IS grit No. 80 on both sides and then finally with emery cloth of IS grit No. 180, first lengthwise and then breadthwise, finishing with circular motions until the whole surface is covered with circular burnishing marks. No treatment shall be given to galvanized steel, tinplate and stainless steel. These will be exposed in ‘as received’ condition after properly degreasing in accordance with 8.2. In case of aluminium, pumice powder or alumina abrasives shall be used instead of emery.

8.2 All metal panels shall then be degreased by swabbing vigorously with cotton soaked in sulphur-free toluene, benzene or acetone. The panels shall be finally cleaned by rinsing in methanol to remove sweat and fingerprints. The panels shall be dried in a stream of dry air (a hair dryer is suitable for this purpose). During and after degreasing, the panels shall not be handled with bare hands but with a pair of clean forceps.

9. EXPOSURE OF PANELS

9.1 The panels shall be exposed both under outdoor as well as indoor conditions. All panels shall be weighed before exposure.

9.1.1 Meteorological observations, like determination of atmospheric sulphur dioxide, salinity, air pollution, solid materials, temperature, humidity, rainfall and dew shall be made as described in Annex A to E.

9.2 Outdoor exposures shall be carried out on suitable wooden, aluminium or monel racks as shown in Fig. 3. The recommended method of grouting the frame to the ground is shown in Fig. 4. 

9.2.1 The panels shall be held at an angle of 45° to the horizontal. Subject to the facilities available, exposure tests may also be carried out at 90° angle (vertical). Specimens shall face south and shall be exposed at 1 to 1.5 metres above the ground level. The panels shall be held in position by ceramic or Perspex cleats. 

9.2.2 The panels shall be so arranged and fixed to the frame that corrosion products or leaching from one panel do not contaminate the other and the minimum area of the panels is shielded during exposure. Any bimetallic contact with bolts, nuts or frames shall be avoided. 

9.3 Indoor exposures shall be carried out in Stevenson's screen. Fig. 5 (see P 31) and Fig. 4 show details of the screen and method of grouting it in the ground respectively.

9.3.1 The screen shall be so placed that one of its longer sides shall face south. The panels shall be equally spaced inside the screen and be held at an angle of 90° to the horizontal. 

10 DURATION OF EXPOSURE

10.1 The following data shall be collected:

a) Monthly corrosion rate; and

b) Yearly corrosion rate.

10.1.1 For monthly corrosion rate, two fresh panels of the metal under test shall be exposed every month. That is, if a test is initiated on a certain date, the panels shall be removed from the exposure rack on the same date of the following month. 

10.1.2 For yearly corrosion rate, two fresh panels of the metal under test shall be exposed in each successive month of the year and shall be withdrawn after completion done year's exposure. 

11 INSPECTION DURING EXPOSURE 

11.1 The exposed panels shall be periodically examined for the nature and extent of corrosion. 

11.2 One of the two panels in each set exposed for one year shall be weighed every month and the monthly weight increments shall be recorded. These panels shall be put back for continued exposure for a total period of one year. Pitting and perforation of specimens shall be noted. 

11.3 For uniformity of record, a recommended method is shown in Proforma A of Annex F. This shall be filled every month during exposure. 

12 ASSESSMENT OF CORROSION ON CONCLUSION OP EXPOSURE 

12.1 For monthly corrosion rates, the panels shall be removed from the exposure rack and the Stevenson's screen and shall be weighed, and the weight increments recorded. 

12.1.1 The corrosion products on the panels shall be removed as mentioned in 13 and the losses in weight of panels shall be determined by subtracting the weights of the panels after derusting from the initial weights of the panels. 

12.2 For yearly corrosion rates, one of the panels in each set shall be weighed (see 11.2) every month and both panels at the end of one year to record the weight increments. They shall then be derusted by appropriate solutions mentioned in Table 1 and the losses in weight shall be recorded. 

13 REMOVAL OF CORROSION PRODUCTS

13.1 The exposed panels shall be treated chemically by appropriate method as indicated in Table 1 for removal of corrosion products. The panels shall then be thoroughly washed with distilled water and dried with hot air.
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		Table 1 Methods  for Chemical  Cleaning of Corroded Test Specimens 

(Clause 12.2 and 13.1)



		Sl

No.

		Material

		Chemical

		Time 

		Temperature

		Remarks



		(1)

		(2)

		(3)

		(4)

		(5)

		(6)



		i) 

		Aluminium and aluminium alloys

		Conc. HNOs

		2 to 3 minutes

		Room

		Follow by light scrubbing



		

		

		2% CrO3, 5% H3PO6 Solution

		10 minutes

		80 °to 85°

		Used when oxide film resists HNO3 treatment. Follow by conc. HNO3 treatment, if neccessary 



		ii) 

		Copper and copper alloys









[bookmark: _heading=h.30j0zll] Lead and lead alloys

		15 to 20% HC1

1% acetic acid

		2 to 3 minutes

		Room

		Follow by light scrubbing



		

		

		5 to 10% H2SO6

		2 to 3 minutes

		Room

		Follow by light scrubbing



		

		

		1% acetic acid

		10 minutes



		Boiling



		Follow by light scrubbing Removes PbO



		

		

		5 % ammonium acetate

		5 minutes

		Hot

		Followed by light scrubbing. Removes FbO and/or PbSO4



		

		

		80 g/1 NaOH

50 g/l mannitol,

0.62 g/1 hydrazine sulphate

		30 minutes, or until clean

		Boiling 



		Follow by light scrubbing





		iii) 

		Iron and steel



Magnesium and magnesium alloys

		20% NaOH, 200g/l zinc dust

		5 minutes

		Boling

		-



		

		

		Conc. HCl, 20 g/l Sb2O3 +1g Sncl3

		Until clean

		Cold

		-





		

		

		15% CrO3 1% AgCrO6 soln

		15 minutes

		Boling

		-



		iv) 

		Nickel and nickel alloys

		15 to 20% HCI

		Until clean 

		Room

		-



		

		

		10% H2SO4

		Until clean

		Room

		-



		v) 

		Stainless steel

		10% HNO3

		Until clean

		140  F ﹾ

		Avoid contamination with chlorides



		vi) 

		Tin and tin alloys





Zinc

		15% Na3PO4

		10 minutes

		Boiling

		Follow by scrubbing



		

		

		Saturated solution of ammonium acetate

		3 to 5 minutes

		Room

		-



		

		

		10 % NH4 Cl

Followed by

5% CrO3, 1% AgNO3 soln.

		5 minutes

20 second

		Room

Boiling 

		Follow by light scrubbing

-



		

		

		Saturated ammonium acetate

		Until clean

		Room

		Follow by light scrubbing



		

		

		100 g/l NaCN

		15 minutes

		Room

		-



		

		

		10% chromic acid solution

		3 to 5 minutes

		Room

		-















ANNEX A

(Clauses 1.2 and 9.1.1)

A-1 GENERAL

A.1.1 Sulphur dioxide content of the atmosphere shall be determined at each site month for one year.

A.1.2 Quality of Reagents ― Unless otherwise specified, pure chemicals and distilled water (see IS 1070) shall be employed in the tests.

NOTE ― ‘Pure Chemical’ shall mean chemicals that do not contain impurities which affect the results of analysis.

A-2 MEASUREMENT OF SULPHUR DIOXIDE BY THE LEAD PEROXIDE METHOD 

A-2.1 Equipment and Materials 

The equipment required for the estimation is a louvered box. Full details of the equipment are given in Fig. 6. Method of grouting the equipment to the ground is shown in Fig. 4. The other materials required for the estimation are glass tubing of 10 cm circumference, surgical gauze of 1 mm mesh, quality lead peroxide, gum Arabic and gum tragacanth. 

A-2.2 Procedure

A-2.2.1 Estimation of sulphur dioxide by the lead peroxide method shall be carried out in the open air at ground level for a period of one year. 

A-2.2.2 The wooden post of the louvered box shall be buried vertically in the ground so that top is about 1.5 m above the ground. The equipment may also be exposed on a roof. In such cases the post shall be at least 0.46 m high. Fig. 6 shows the details of the posts used in two types of exposures. At the top of each post a headless nail shall be fixed over which the glass tubing shall be placed. The louvered box shall be fitted to the projection at the post and padlocked in position with the glass tubing inside. 

A-2.2.3 Two or three days before the beginning of each month two lead-peroxide coated ‘candles' shall be prepared, out of which one lead per-oxide ' candle' will serve as control.

A-2.3 Lead Peroxide Pasts 

A-2.3.1 A paste of lead peroxide shall be made by mixing 8 g or lead per-oxide and about 5ml gum solution (1 percent solution containing 0.5 percent gum arabic and 0.5 percent gum tragacanth dissolved in 5 percent absolute alcohol/water mixture) with a spatula to produce a paste of suitable consistency. This quantity is sufficient for one candle. When a number of candles are to be prepared it will be convenient to make the paste for four determinations at a time on a ground-glass plate with a spatula and divide it equally. 

A-2.4 Preparation of Lead Peroxide ‘Candles' 

A-2.4.1 A 10 cm square of the cotton gauze shall be tied or sewn round the glass or porcelain tubing (candle), the prepared paste shall be applied evenly to cover the gauze and finally worked smooth with the pad of the little finger. The prepared ' candles' shall be dried slowly in a desiccator or a bell-jar containing quicklime and shall be stored there until required. 

A-2.4.2 On the first day of each month, one lead peroxide 'die' shall be transferred from the desiccator and exposed inside the louvered box. On the first day of the next month the lead peroxide ' candle' shall be replaced by another freshly prepared candle' and the former removed to the laboratory for analysis. To make are that none of the materials has been contaminated by sulphur dioxide and that a negligible amount of sulphur dioxide has been collected during handling, a control ' candle' treated in exactly the same way as the other shall be stored in a desiccator, or in a sulphur-free airtight container for one month. 

A-2.5 Analysis 

A-2.4.5 The surface area of each ' candle' shall be measured and the period of its exposure shall be noted. The coated gauze shall be stripped off and treated with 5 g of sodium carbonate in about 100 ml of distilled water. After standing with occasional stirring for at least 3 hours, the whole shall be boiled for half an hour, the volume being kept nearly constant. The solution shall be filtered through appropriate filter paper and finally the filtrate shall be acidified with hydrochloric acid and sulphate precipitated with barium chloride. The precipitate shall be filtered off, washed, ignited and weighed. 

A-2.5.2 The weight of barium sulphate from the control candle should not exceed 2 mg and is usually as low as 1 mg. This weight shall be subtracted from the weight of barium sulphate from each exposed candle.

A-2.5.3 The result of each analysis shall be reported as mg of SO2 per 100 cm2/day and recorded in Proforma B given in Annex F.



ANNEX B

(Clauses 1.2 and 9.1.1)

MEASUREMENT OF ATMOSPHERIC SALINITY

B-1. GENERAL 

B-1.1 Salinity shall be determined in a pent roof shed by the wet 'candle' method every month for one year. The shed shall be of such construction as to allow free passage of air inside the shed but no wetting of 'candle' due to rain. 

B-2. EQUIPMENT 

B-2.1 The apparatus is illustrated in Fig. 7. It consists of the following parts: 

a) A wide mouth glass bottle of one litre capacity with a bakelite lid which serves as a water reservoir; and



b)  A glass boiling tube of about 25 mm internal diameter with a side hole at a height of 37 mm from the open end. The inverted glass tube is passed through a hole in the cork fitted to the bakelite lid of the reservoir.



B-3. METHOD OF PREPARATION OF THE ' WET CANDLE' 

B-3.1 A roll of surgical gauze 37 mm wide shall be cut into two pieces '1' and '2', each of 105 cm length. These shall be boiled in distilled water to remove starch and other impurities. The test-tube shall be held with its open end down. One end of the gauze ‘1’ shall be pushed through the hole to a length of 9 cm. The remaining length of the gauze shall be wound (clockwise or anticlockwise) in an upward direction starting from the upper edge of the side hole in the test-tube. After winding the gauze to a height of 10 cm the winding shall be made in the downward direction until the upper edge of the side hole is reached. The remaining length of gauze (approximately 9 cm) shall be pushed through the side hole of the test-tube. The other piece '2' shall be wrapped round the test-tube similarly. 

B-4. EXPOSURE OF CANDLE 

B-4.1 The diameter of the tube with wrapped gauze shall be measured at three or four places and the mean value D shall be determined. The length L of the gauze shall be determined by taking the mean length of the tube with wrapped gauze at three or four places. The total area of the gauze surface shall be calculated with the help of formula ‘π x D x L’.

B-4.2 The gauze shall be soaked in distilled water and the reservoir shall be filled to half its capacity with distilled water. The bakelite lid shall be screwed on the bottle. It shall be ensured that the four ends of gauze strips remain dipped in the water. 

B-4.3 The apparatus (bottle containing gauze) shall be exposed in a pent roof shed (see Fig. 8) for a period of one month. Care shall be taken that the gauze always remains moist and as such shall be examined at least twice a week and the water shall be replenished, if necessary. At the end of the exposure period the portion of gauze inside the bottle will be cut with a pair of sensors to avoid losses due to dripping. The lid shall be removed and the remaining gauze on the tat-tube shall be cut open by means of a sharp blade and shall be transferred to a beaker by means of a glass rod. The contents (gauze and water) of the bottle shall be transferred into the same beaker. Sodium chloride content of the water in the reservoir shall be determined by volumetric analysis and the salinity calculated as in B-5. 

B-5 DETERMINATION OF SODIUM CHLORIDE CONTENT 

B-5.1 The gauze in the beaker shall be boiled in distilled water and the water shall be transferred to a I 000 ml measuring flask and made up to the mark. An aliquot volume from the measuring flask shall be taken and titrated with standard N/10 silver nitrate using potassium chromate as indicator. The result shall be calculated as follows: 

Salinity =  mg of NaCl per m3 per day

Where

	T = Volume in ml of standard silver nitrate solution required for titration;

	V = Volume in ml of solution from which aliquot has been drawn;

	N = Strength in terms of normality of standard silver nitrate solution;

           V1 = Volume in ml of aliquot;

	A = Area in m2 of the exposed gauze; and

        	H = Number of days for which the ‘candle’ was exposed. 

NOTE ― The test shall be conducted with chloride free distilled water. Appropriate correction shall be made in the calculation if chloride is present in the distilled water.

B.5.2 The value shall be reported as mg of NaCl/m2/day and recorded in Proforma B as shown in Annex F.

ANNEX C

(Clauses 1.2 and 9.1.1)

MEASUREMENT OF AIR POLLUTION ― SOLID MATERIALS 

C-1 GENERAL 

C-1.1 Dust panicles, grit and other atmospheric solid impurities shall be measured with the help of a deposit gauge every month for one year. 

C-2 APPARATUS

C-2.1 The complete deposit gauge shall comprise of the following:

a) Stand; 

b) Collecting bowl; 

a) Collecting bottles, three; 

b) Inverted funnel; 

c) Brush and plug; and 

d) Rubber squeegee and flexible tubing. 

C-2.2 Stand 

The stand shall be made of mild steel to the dimensions shown in Fig. and shall be galvanized after the components have been joined together. The bird guard shall be of about 25 mm mesh and shall be attached to the body of the stand. It shall be constructed of a corrosion resistant material, for example plastics or galvanized iron.

C-2.3 Collecting Bowl 

The collecting bowl shall be made of chemically resistant glass or of a suitable plastic material not prone to the accumulation of electrostatic charge and shall be of the dimensions shown in Fig. 9. 

C-2.4 Collecting Bottles 

The bottles shall be made of a suitable plastics material, such as polythene, preferably with shoulders sloping at 45°, and shall be of the following dimensions:

		Dimension

		Requirement



		Height 

Diameter of neck:

		45 cm Max



		    External

		8.9 cm Max



		    Internal

		3.8 to 7.6 cm



		    Capacity

		10 to 20 liters







C-2.5 Inverted Funnel 

Inverted funnel shall be made of polythene to the dimensions shown in Fig. 9A.

C-2.6 Flexible Tubing 

Tubing connecting the collecting bowl and the inverted funnel shall preferably be of suitable plastics material or of good quality rubber, and of such bore that it will effectively grip the outlet nozzle of the bowl and the inverted funnel.

C-2.7 Brush and Plug and Squeegee 

A test-tube or short burette brush with a rubber bung fixed on the handle is suitable. The squeegee may be made by fixing a strip of hard rubber in a suitable holder. 

C-2.8 The apparatus shall be assembled as shown in Fig. 9. 

C-3 OPERATION 

C-3.1 The gauge shall be placed in a suitable open place; care shall be taken that the ram of the collecting bowl is horizontal. 

C-3.2 A fungicide consisting of 10 ml of 0.02 N copper sulphate solution (2.50 g of CuSO4, 5H3O per litre) shall be placed in the clean collecting bottle. This is necessary to prevent the growth of algae which would alter the chemical nature of the collected deposit. 

C-3.3 On completion of one month the collecting bowl shall be inspected and identifiable foreign matter, such as leaves or insects should be removed from the collecting bowl. 

C-3.4 The brush shall then be inserted in the outlet of the collecting bowl and passed downwards through the inside of the tubing and inverted funnel until the outlet of the bowl is securely closed by the plug attached to the top of the brush. 

C-3.5 About 500 ml of the liquid in the bottle shall be poured into the bowl and any deposited matter adhering to the bowl dislodged with the squeegee. 

C-3.6 If the liquid collected in the bottle is insufficient for this cleansing process a measured quantity of distilled water shall be used. This additional water shall not be added unless it is impossible to wash out the bowl with the rain-water collected. 

C-3.7 The plug shall then be removed and the contents of the bowl run, without loss, into the bottle. During this operation the inside of the tubing and the inside of the inverted funnel shall be cleaned by means of the brush. 

C-4. ANALYSIS OP DEPOSITED MATTER 

C-4.1 Analysis shall be carried out of the deposited matter and the following information shall be obtained:

a) pH value of the liquid, except where distilled water has been added, and



b) weight of the insoluble matter. This shall be further analysed for ash, portion soluble in CS2 and combustible matter insoluble in carbon disulphide. The filtrate from these tests shall be analysed for calcium, chloride, sulphate and total water soluble solid.

C-4.2 The data shall be recorded in pro forma B as shown in Annex F.



ANNEX D

(Clauses 1.2, C-3.1 and 9.1.1)

METHODS FOR THE ANALYSIS OF DEPOSITED MATTER

D-1. VOLUME OF WATER

D-1.1 The volume of water shall be determined either;

a) By weighing the bottle (or bottles) on receipt, and again after emptying at the end of the analysis, making allowance for the weight of the undissolved matter present; and 



b) By measuring the volume of the decanted and filtered water. 

D-1.2 The accuracy of measurement shall be of the order of 1 in 100.

D-1.3 Allowance shall be made for any distilled water added in accordance with C-3.6. A note shall be made in the report of results when this special procedure has been followed. 

D-2. WATER-INSOLUBLE MATTER

D-2.1 Total Water-Insoluble Matter

D-2.1.1 The whole of the deposit collected (see D-2.1.2) shall be used to determine the total water-insoluble matter.

D-2.1.2 The insoluble matter shall be filtered off and dried to constant weight. Suitable filtering media are as follows:

a) A layer of asbestos in a porcelain Gooch crucible; the prepared crucible shall be ignited before use; and 



b) A sintered silica Gooch crucible, porosity 4. 

D-2.1.3 If the water is allowed to stand undisturbed for at least three days prior to filtration the water-insoluble matter will have settled at the bottom of the bottle. In this case the dear supernatant liquid shall be decanted or syphoned off without filtration, without any appreciable loss of solid matter. A syphon, with an upturned end or with a closed end a hole blown in the side about 25 mm from the bottom is suitable for withdrawing the clear liquid.

D-2.1.4 After decantation or syphoning, the residue shall be transferred to a baker of suitable size and the bottle (or bottles) rinsed thoroughly with some or the decanted liquid, removing any adhering particles by means of a stiff feather, a clan tat-tube brush or other suitable means. The residue shall be filtered through the filtering medium and the filtrate added to the clear decanted liquid. 

D-2.1.5 Finally, all the water-insoluble matter shall be washed from the beaker to the filter, using distilled water. The filtrate shall be discarded. 

D-2.1.6 The filter and water-insoluble matter shall be dried at 100°C to constant weight. 

D-2.2 Tarry Matter 

D-2.2.1 The total water-insoluble matter shall be extracted with freshly distilled carbon disulphide in a suitable apparatus. The extraction shall be continued to completion as shown by the colour of the carbon disulphide. The time for extraction will vary with the type and amount of water-insoluble matter, but normally about 10 minutes is sufficient. 

D-2.2.2 After extraction crucible or filter paper shall be dried and weighed. The loss in weight shall be recorded as 'tarry matter'. confirmation of the figure can be obtained by evaporation of carbon disulphide used for extraction and weighing the residual tarry matter. 

D-2.3 Microscopic Examination  

D-2.3.1 If desired, a representative sample of known weight of the extracted water-insoluble matter shall be subjected to microscopic examination. 

D-2.4 Ash

D-2.4.1 The extracted water-insoluble matter shall be ignited at 775 ± 25℃ to constant weight in an atmosphere free from sulphur, for example, in an electrically heated muffle. 

D-2.4.2 If a Gooch crucible has been used, the difference between the final and initial weights is the weight of ash. If filter paper has been used, allowance should be made for the weight of ash of the filter paper. 

D-2.5 Combustible Matter Insoluble is Carbon Disulfide

D-2.5.1 The difference between the total water-insoluble matter and the sum of the tarry matter and ash is the combustible matter insoluble in carbon disulphide.

D-3. WATER SOLUBLE MATTER 

D-3.1 pH Value

Ten millilitres of the clear liquid shall be taken in a clean test-tube and 0.2 ml of Universal Indicator added. The colour produced shall be compared with standard chain or by means of a comparator. Alternatively, the pit value may be determined by an electrometric method. 

D-3.2 Total Dissolved Matter 

D-3.2.1 A known volume of clear liquid shall be evaporated to dryness on water-bath in a weighed or counterpoised platinum, silica or glazed porcelain dish. This shall be dried to constant weight at 100℃. 

D-3.2.2 The actual volume taken will depend upon the total volume available for analysis and the anticipated amount of dissolved matter present.

D-3.3 Calcium

D-3.3.1 A suitable volume of the clear liquid shall be acidified with hydrochloric acid and evaporated to a small bulk. This shall be heated to boiling and, whilst stirring a hot saturated solution of ammonium oxalate [about 42 g of (NH4)2C2O4. H2O per litre] shall be added, drop by drop until there is an excess. The solution shall be made just alkaline with 0.880 ammonia and shall be allowed to boil for 5 to 10 minutes. Afterwards the solution shall be allowed to stand for a minimum period of 4 hours, or until the precipitate has settled completely. 

D-3.3.2 The liquid shall be filtered through a fine filter paper or preferably through asbestos in Gooch crucible. The precipitate shall be transferred to the filter, washed with dilute ammonium oxalate solution (1 volume of saturated solution 42 scams per litre) diluted to 1 000 volumes) and then five times with 5 ml portions of water. 

D.3.3.3 The precipitate shall be transferred into a beaker, using 100 ml of dilute (10 percent) sulphuric acid. If asbestos has been used as the filtering medium the whole contents of the crucible shall be transferred to the beaker; if filter paper has been used, a small hole in the apex of the cone shall be made and the precipitate rinsed into the beaker with the sulphuric acid solution. 

The solution shall be warmed to about 70℃ and titrated with 0.1 N potassium permanganate solution. if filter paper has been used, it shall be dropped into the solution. 

1 ml 0.1 N K MnO4 ≡ 0.002 00 g Ca

D-3.4 Chloride — A suitable volume of the clear liquid shall be evaporated to about 50 ml in a 250 ml conical flask. A measured excess 0.02 N silver nitrate solution shall be added to the hot, but not boiling, liquid. This shall be allowed to cool, covered with a watch glass, in a dark place free from chlorine. To the cold solution, it shall be added 2 ml of an alum indicator solution, prepared by adding sufficient cold concentrated nitric acid to a cold saturated solution of ferric ammonium alum to remove the brown colour. The indicator shall not be deeper in colour than pale straw. The mixture shall be titrated with 0.02 N potassium or ammonium thiocyanate solution.

1 ml 0.02 N AgNO3 used ≡ 0.000 709 g of chloride

D-3.5 Sulphate 

A suitable volume of the clear liquid shall be acidified with hydrochloric acid after the addition of a sulphur-free oxidizing agent, for example perhydrol If required, this shall be concentrated to a convenient bulk, about 250 ml. The solution shall be neutralized with 0.880 ammonia and 2 ml of concentrated hydrochloric acid added. The sulphur shall be precipitated using barium chloride solution, filtered and weighed as barium sulphate.

1 g barium sulphate ≡ 0.412 0 g of sulphate

D-3.6 Presence of ‘Foreign Matter’ 

If the bottle is found to contain foreign matter, for example, insects or pollution from birds, or to have been tampered with, an analysis shall be conducted if possible, at the discretion of the analyst, and a note explaining the circumstances added to the report.

ANNEX E

(Clauses 1.2 and 9.1.1)

MEASUREMENT OF TEMPERATURE, HUMIDITY, RAINFALL AND DEW

E-1 TEMPERATURE AND HUMIDITY

E-1.1 Measurement of maximum and minimum temperatures and humidity shall be done by means of a thermohygrograph daily for a period of one year.

E-2. RAINFALL

E-2.1 Amount of rainfall shall be measured with the help of a rain gauge and the number of rainy days recorded.

E-3. DEW

E-3.1 Dew shall be collected on a glass funnel of known maximum diameter. The funnel shall pass through a cork fitted to a cylinder or a bottle. The whole assembly shall be kept in an open yard in the evening and shall be removed in the morning so that no evaporation of dew takes place. The number of dew days shall be recorded.

E-4. RECORDING 

E-4.1 The data shall be reported in Proforma A as shown in Annex F.



Annex  F

(Clauses 10.3, A-1.5.3, B-4.2, C-3.2 and E-4.1)

PROFORMA  A

Meteorological Observations

Station ………………………………………Month……………………Year………………...

Latitude………………. Longitude……………………Height above mean sea level……........



		DATE

		TEMPERA

TURE, ℃

		RELATIVE

HUMIDITY

(Percent)

		WIND

		PREVA-LENT WIND DIRECTION

DURING THE 

DAY

		RAIN-

FALL (mm)

		DEW

(ml/100

cm2)



		

		Max

		Min

		Max

		Min

		0830 h

		1730 h

		

		

		



		

		

		

		

		

		Direction

		Speed

km/h

		Direction 

		Speed km/h

		

		

		



		1. 

		

		

		

		

		

		

		

		

		

		

		



		2. 

		

		

		

		

		

		

		

		

		

		

		



		3. 

		

		

		

		

		

		

		

		

		

		

		



		4. 

		

		

		

		

		

		

		

		

		

		

		



		5. 

		

		

		

		

		

		

		

		

		

		

		



		6. 

		

		

		

		

		

		

		

		

		

		

		



		7. 

		

		

		

		

		

		

		

		

		

		

		



		8. 

		

		

		

		

		

		

		

		

		

		

		



		9. 

		

		

		

		

		

		

		

		

		

		

		



		10. 

		

		

		

		

		

		

		

		

		

		

		



		11. 

		

		

		

		

		

		

		

		

		

		

		



		12. 

		

		

		

		

		

		

		

		

		

		

		



		13. 

		

		

		

		

		

		

		

		

		

		

		



		14. 

		

		

		

		

		

		

		

		

		

		

		



		15. 

		

		

		

		

		

		

		

		

		

		

		



		16. 

		

		

		

		

		

		

		

		

		

		

		



		17. 

		

		

		

		

		

		

		

		

		

		

		



		18. 

		

		

		

		

		

		

		

		

		

		

		



		19. 

		

		

		

		

		

		

		

		

		

		

		



		20. 

		

		

		

		

		

		

		

		

		

		

		



		21. 

		

		

		

		

		

		

		

		

		

		

		



		22. 

		

		

		

		

		

		

		

		

		

		

		



		23. 

		

		

		

		

		

		

		

		

		

		

		



		24. 

		

		

		

		

		

		

		

		

		

		

		



		25. 

		

		

		

		

		

		

		

		

		

		

		



		26. 

		

		

		

		

		

		

		

		

		

		

		



		27. 

		

		

		

		

		

		

		

		

		

		

		



		28. 

		

		

		

		

		

		

		

		

		

		

		



		29. 

		

		

		

		

		

		

		

		

		

		

		



		30. 

		

		

		

		

		

		

		

		

		

		

		



		31. 

		

		

		

		

		

		

		

		

		

		

		







1) Temperature 

I) Average maximum temp.                                   III) Average of mean humidity 

    …………………………                                         ……………………………

II) Average minimum temp.                                 3) Rainfall

     ………………………….                                        Total rain ………………...

III) Average of mean temp.                                          No. of rainy days ………...

      ………………………...                                 4) Dew…………………………

2) Humidity                                                               Total dew …………………...

I) Average maximum humidity                            5) Average wind velocity (km/h)

    …………………………….                                  ………………………………                

II) Average minimum humidity

     …………………………….

Form for Reporting Atmospheric Corrosion and Pollution Data

Exposure station …………………….Month…………………….Year..................

1) Metal and size of panel

2) Identification mark on panel

3) Conditions of exposure (indoor/outdoor; monthly/yearly, vertical/at 45ﹾ)

4) Date of exposure of fresh panel (x)

5) Date of re-weighing of panel after exposure (y)

6) No. of days of exposure (y-x)

7) Weight in g of freshly prepared panel (initial weight) (a)

8) Weight in g of panel after exposure (b)

9) Weight increment in g (b – a) 

10) Change in appearance of the panel during the month under report

11) Weight in g after derusting (c)

12) Loss in g of metal on derusting of unrusted and unexposed panel (d)

13) Actual loss in g of metal [a-(c+d)]

14) Sulphur dioxide content of the atmosphere (mg SO3/100 cm2/month)

15) Satinity content (mg of NaCl/m2/month)








PROFORMA B

Form for Reporting Test Specimen and Site Details for 

Atmospheric Corrosion and Pollution Data



1) Metal:

Composition

2) Test Specimen:

a) Shape

b) Size (mm)

c) Thickness (mm)

3) Preparation of Specimens:

a) Removal of mill scale by acid treatment:



i. HCl        State concentration and temperature of acid and

ii. H2SO4       period of treatment

iii. Other

b) Surface finish. (Mention grade of emery used))

c) Method of degreasing and cleaning of specimen,

By solvents. (Give details)

4)  Exposure Site:

a) Name of station

b) Nature of exposure site (marine, industrial, rural, etc)

c) Description of site:

i. Distance and height of neighbouring buildings from exposure site 

ii. Proximity of site to source of pollution (industrial or marine). (Preferably include a sketch showing location of exposure site and the environments)

5) Corrosion Data (Type of Exposure)



I. Average monthly corrosion rate (30 days exposure)   

		MONTH AND YEAR

		CORROSION RATE (LOSS OF METAL)



		

		Angel of Exposure



		

		45 ﹾ

		90ﹾ



		

		mg/dm2

		mg/dm2

		mg/dm2

		mg/dm2



		January

		

		

		

		



		February

		

		

		

		



		March

		

		

		

		



		April

		

		

		

		



		May

		

		

		

		



		June

		

		

		

		



		July

		

		

		

		



		August

		

		

		

		



		September

		

		

		

		



		October

		

		

		

		



		November

		

		

		

		



		December

		

		

		

		







II. Average yearly corrosion rate (1 year’s exposure)

		PERIOD OF 

EXPOSURE AND YEAR

		CORROSION RATE (LOSS OF METAL)



		

		Angel of Exposure



		

		45 ﹾ

		90ﹾ



		

		mg/dm2

		mg/dm2

		mg/dm2

		mg/dm2



		January-December

		

		

		

		



		February-January

		

		

		

		



		March-February

		

		

		

		



		April-March

		

		

		

		



		May-April

		

		

		

		



		June-May

		

		

		

		



		July-June

		

		

		

		



		August-July

		

		

		

		



		September-August

		

		

		

		



		October-September

		

		

		

		



		November-October

		

		

		

		



		December-November

		

		

		

		







6) Any Other Relevant Information (for Example, Method of Derusting)

7) Atmospheric Pollution (Sulphur Dioxide Content of Atmosphere)

		MONTH AND YEAR

		SULPHUR DIOXIDE CONTENT (mg of SO3/100 cm2 month



		

		At Ground Level

		Above Ground Level (Show Height)



		January

		

		



		February

		

		



		March

		

		



		April

		

		



		May

		

		



		June

		

		



		July

		

		



		August

		

		



		September

		

		



		October

		

		



		November

		

		



		December

		

		







 B) Atmospheric Salinity

		MONTH AND YEAR

		SULPHUR DIOXIDE CONTENT (mg of SO3/100 cm2 month



		

		Distance from Sea (Metre)



		January

		

		

		



		February

		

		

		



		March

		

		

		



		April

		

		

		



		May

		

		

		



		June

		

		

		



		July

		

		

		



		August

		

		

		



		September

		

		

		



		October

		

		

		



		November

		

		

		



		December

		

		

		







9) Analysis of Atmospheric Impurities in Deposit Gauze

		MONTH AND YEAR

		WATER

		TOTAL WATER INSOLUBLE

MATTER (g)

		TOTAL WATER SOLUBLE MATTER ()



		

		Water (mm)

(Rain)

		pH

Value

		Tarry matter soluble is CS2

		Ash

		Other combustible

Matter Insoluble in CS2

		Ca

		Cl

		SO4



		January

		



		February

		



		March

		



		April

		



		May

		



		June

		



		July

		



		August

		



		September

		



		October

		



		November

		



		December

		







10) Dew

		MONTH AND YEAR

		No. OF DEW DAYS*

		TOTAL AMOUNT OF DEW (ml/100 cm2 of collecting surface/month)



		January

		



		February

		



		March

		



		April

		



		May

		



		June

		



		July

		



		August

		



		September

		



		October

		



		November

		



		December

		





* No of days when more than 1 ml dew is collected on a 100 cm2 surface.

11) Rainfall

		MONTH AND YEAR

		NO. OF RAINY DAYS

		RAINFALL (mm)



		January

		



		February

		



		March

		



		April

		



		May

		



		June

		



		July

		



		August

		



		September

		



		October

		



		November

		



		December

		







12) Relative Humidity

		MONTH AND YEAR

		PERCENT RELATICE HUMEDITY



		

		DAILY AVERAGE, Max

		DAILY AVERAGE, Min



		January

		



		February

		



		March

		



		April

		



		May

		



		June

		



		July

		



		August

		



		September

		



		October

		



		November

		



		December

		







13) Temperature

		MONTH AND YEAR

		TEMPERATURE (℃)



		

		DAILY AVERAGE, Max

		DAILY AVERAGE, Min



		January

		



		February

		



		March

		



		April

		



		May

		



		June

		



		July

		



		August

		



		September

		



		October

		



		November

		



		December

		







14) Wind Velocity 

		MONTH AND YEAR

		



		

		WIND VELOCITY 

(Average of Daily Mean)

km/h

		PERDOMINANT WIND 

DIRECTION



		

		

		



		January

		



		February

		



		March

		



		April

		



		May

		



		June

		



		July

		



		August

		



		September

		



		October

		



		November

		



		December
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This standard was first published in 1970. While reviewing this standard in the light of 



experience gained during these years, the Sectional Committee decided



 



to revise the standard.



 



This code has been prepared to provide a systematic and uniform procedure for conducting 



exposure tests of metals and alloys for collection of corrosion and pollution data.



 



This code has emerged as a result of detailed investigatio



ns instituted by the Corrosion Sites 



Panel of the Metals Research Committee of Council of Scientific and Industrial Research 



(CSIR). In the formulation of this code considerable assistance has been derived from the 



publication ‘Instruction manual for condu



cting field studies on atmospheric corrosion of metals’, 



prepared by B. Sanyal and G.K. Singhaniya, and published by the Defence Research Laboratory 



(Materials), Kanpur.



 



 



For the purpose of deciding whether a particular requirement of this standard is comp



lied with 



the final value, observed or calculated, expressing the result of a test or analysis, shall be 



rounded off in accordance with IS 2



 



:



 



2022 ‘Rules for rounding off numerical values (



second



 



revision



)’. The number of significant places retained in 



the rounded off value should be the 



same as that of the specified value in this standard.
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IS 12753_ ARP_Report.pdf
REVIEW ANALYSIS OF INDIAN STANDARD

1. Sectional Committee No. & Title: MTD 24 & Corrosion protection and finishes Sectional Committee

2. IS No: IS 12753:1989 (reaffirmed 2001) Reviewed in 2021

3. Title: Electrogalvanized coatings on round Steel wire -specification
4. Date of review: Nov 2022

5. Review Analysis

1) Status of standard(s), if any from which assistance had been drawn in the formulation of this IS.
Standard Whether the standard has since been Major changes Action proposed
(No. & Title) revised

None

i) Status of standards referred in the IS

Referred standards IS No. of this standards since revised Changes that are of | Action proposed
(No. & Title) affecting the
standard under
review
IS 1387: 1967 IS 1387: 1993 Year of the Standard Reference to be corrected at all
General requirements for the supply of General requirements for the supply of the places.
Metallurgical Materials (second revision) Metallurgical Materials (second revision)
(Reaffirmed 2003)






IS 3554:1966
Glossary of terms relating to
electroplating

Glossary of terms relating to electroplating (First
revision)

IS 3554:2017 Year of the Standard Reference to be corrected at all

the places.

iii) Any other standards available related to the subject & scope of the standard being reviewed (International/regional/other
national/association/consortia, etc. or of new or revision of existing Indian Standard)

Standard Provisions that could be relevant while reviewing the IS Action proposed
(No. & Title)

IS 4826:1979 Both Standards cover the requirements of Zinc coating on steel wires of May merge both
Hot Dipped Galavanized coatings on circular section in diameters from 0.2 mm upto and including 10 mm. standards with Title

round Steel wires

uniformity of Zinc coating are same in both the standards

Almost all the requirements for mass thickness,adhesion of zinc coating of | “Zinc coatings on

round Steel wires-
Specifications” and IS
12753:2022

iv) Technical comments on the standard received, if any

Source Clause of IS | Comment Action proposed
M/s U P Pumps Pvt Director Mr. Harendra Moorjani suggested | Comment may be placed
Ltd ,kanpur that they don’t seek any change in the before appropriate

Standard as they are not having any

problem in implementing the provisions of

committee.






the IS, However they suggested 01 change in
IS 15500 ,that in place of mild Steel for
connecting rod SS shall be put in IS and
mild Steel may be scrapped as SS is better
in terms of longevity than galvanized MS
rod which used as connecting rod in hand

pumps

Mr. Sameer Makan
from M/s Salsaar
Alloys and Steel
Industries

Cl 6.4 and
Annex A of
the IS

Payoff reels

Heat Treatment (dipping in molten lead,
Can feed annealed wire in reels & coils
also) if required.

Pickling in acid

Rinse

Electrolytic cleaning

Rinsing

Mechanical cleaner (not necessary)
Electro-galvanizing

Cold water rinse

Hot water rinse

Pinch pass/skin pass (smaller area
reduction of 4-5% through wire
drawing dies for smooth & shiny
surface)

Supplementary treatment

Chromate Passivation (Light coating)
Phosphate Coating

Rinsing & drying (If rinsing then
passivation may remove so only drying
IS necessary)

Take up unit (Horizontal or vertical
type, if vertical then pattern laying of

Comment may be placed
before appropriate
committee.






Vi)

coils)

per proposal sent.

coils suggested that helps to unwind

Items in italic are addition suggested

Also in annex A for Medium type of coating
for Stay Strand wire, Chain Link wire, cable
armouring wire application may be made as

Mr Vikram Prajapati | Cl 9
M/s Al fence Products
co Pvt Ltd,silvassa

As per suggestion sampling criteria as given in
Annex A of IS 280 may be added in place of
current sampling plan.

Comment may be placed
before appropriate
committee.

Information available on technical developments that have taken place (on product/processes/practices/use or
application/testing/input materials, etc)

Source

Development Relevant clause of the IS under review that is
likely to be impacted (Clause & IS No.)

Action proposed

None

Issues arising out of changes in any related IS or due to formulation of new Indian Standard

Related IS and its | Provision in the IS under review that
Title (revised or would be impacted & the clause no. or

new)

addition of new clause/provision

Changes that may be necessary
in the Standards under review

Action proposed

None






vii)  Any consequential changes to be considered in other IS

Related IS to get impacted | Requirements to be impacted
IS 278 : 2009 Galvanized steel barbed wire for fencing - Specification (Fourth Revision) | The IS 12753 has been refereed in

IS 280 : 2006 Mild steel wire for general engineering purposes (Fourth Revision) these ISS for mass, uniformity and

IS 16013 : 2018 Welded wire gabions (Metallic - Coated Or Metallic - Coated With PVC | adhesion of Zn coating requirements
Coating) - Specification (First Revision)

IS 16014 : 2018 Mechanically woven, double - Twisted, hexagonal wire mesh gabions,
revet mattresses, rock fall netting and other products for civil engineering purposes
(Galvanized Steel Wire Or Galvanized Steel Wire With Polymer Coating) - Specification
(First Revision)

6. Any other observation:

It is observed that in present Standard Packing clause and Marking clause is not provided rendering it to not fit for Certification.

Hence packing and marking clauses as available in cl 14 and 15 of IS 280:2006 (for which so many licenses exist ) may be added
in revised Standard.

7. Recommendations:
The Standard may be revised incorporating following changes:

a) As also suggested by one of the consumers of this Product ( M/s Al fence Products co Pvt Ltd, Silvassa) which used galvanized
steel wires as raw material for manufacturing gabion boxes, fences etc Both 1S 4826:1979 and IS 12753:1989 may be merged as
almost all specified requirements for mass, uniformity and adhesion of Zn coating are same in both the ISS.

b) Cl 9 may be amended to include sampling criteria as given at Annex A of IS 280.

¢) Packing and Marking clause may be added to make it suitable/ available for certification as per Scheme I.

d) CI 6.4 may be suitable amended as per input given above at 5 (1V).
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REVIEW ANALYSIS OF INDIAN STANDARD

1. Sectional Committee No. & Title: MTD 24 (Corrosion Protection and Finishes
Sectional Committee)

2. IS No: IS 6745:1972

3. Title: Methods for determination of mass of zinc coating on zinc coated iron and steel
articles

4. Date of review: Nov-Dec 2021

5. Review Analysis

)} Status of standard(s), if any from which assistance had been drawn in the
formulation of this IS.
Standard Whether the Major changes | Action
(No. & Title) standard has since proposed
been revised
BS 443:1969 Standard has since | - -
(Specification for been withdrawn
galvanized coatings
on wire, British
Standards
Institution, UK)
ASTM Part 31970 | Standard has since | ASTM standards | Since ISO
(Steel Sheet, Strip, | been revised as are not accessible | Standard is
Bar, Rod, Wire, ASTM A90/A90M- | hence changes available it is
Metallic Coated 21 cannot be proposed to
Products, ASTM, (Standard Test assessed. consider the
USA) Method for Weight same.
[Mass] of Coating
on Iron and Steel
Aurticles with Zinc
or Zinc-Alloy
Coatings
)
i) Status of standards referred in the IS
Referred IS No. of this Changes that are of | Action proposed
standards standards since | affecting the
(No. & Title) revised standard under
review
IS 1070:1960 IS 1070:1992 The standard has No action
(Specification | (Reagent Grade | been revised twice proposed since
for water, since 1960, first in commercially






i)

distilled
quality)

Water-
Specification)

1977 to incorporate
requirements for
residue on ignition
and specific
conductivity and then
in 1992 to cover
different grades of
reagent water used
for different purposes
and align with ISO

available standard
reagent grade
water is as per
ISO 3696:1987
with which IS
1070:1992 is
already aligned.

3696:1987

Any other standards available related to the subject & scope of the standard
being reviewed (International/regional/other national/association/consortia,
etc. or of new or revision of existing Indian Standard)

Standard
(No. & Title)

Provisions that could be
relevant while reviewing
the IS

Action proposed

ISO 17925:2004 (Zinc
and/or aluminium
based coatings on steel
— Determination of
coating mass per unit
area and chemical
composition —
Gravimetry,
inductively coupled
plasma atomic
emission spectrometry
and flame atomic
absorption
spectrometry)

ISO 17925:2004 specifies
methods of determining
the coating mass per unit
area by gravimetry and
chemical composition on
one side-surface of zinc-
and/or aluminium-based
coatings on steel by means
of inductively coupled
plasma atomic emission
spectrometric or flame
atomic absorption
spectrometry. However, IS
6745 currently specifies
only chemical
(gravimetric) methods

Since currently there is no
IS for determining mass
of zinc coatings through
instrumental methods, we
should align the Indian
Standard with the ISO

ISO 7989-2:2021

Steel wire and wire
products — Non-ferrous
metallic coatings on steel
wire — Part 2: Zinc or
zinc-alloy coating

We should align the
Indian Standard with the
ISO

1SO 1460:2020

Metallic coatings — Hot
dip galvanized coatings on
ferrous materials —
Gravimetric determination
of the mass per unit area

We should align the
Indian Standard with the
ISO






IS 12860:1989
(Metallic coating
thickness by X-ray
fluorescence technique
method —
Determination)

This standard prescribes
the method for
determining coating
thickness and mass of
coating per unit area using
Metallic coating thickness
by X-ray fluorescence
technique method. It is
referred in the IS
15961:2012 (Hot Dip Al-
Zn Alloy Coated Steel
Strip and Sheet (Plain)) as
an alternate method to
determine the mass of Al-
Zn coating on the steel.

The XRF method may be
useful for a quick check
of coating
thickness/mass, but since
the results are based on a
very localized
measurement, it may not
be suitable for being
referred in this standard

iv) Technical comments on the standard received, if any

Source

Clause of IS

Comment

Action proposed

V) Information available on technical developments that have taken place (on
product/processes/practices/use or application/testing/input materials, etc)

Source

Development

Relevant clause of
the IS under review
that is likely to be
impacted

(Clause & IS No.)

Action proposed

vi) Issues arising out of changes in any related IS or due to formulation of new

Indian Standard

Related IS
and its Title
(revised or
new)

Provision in the
IS under review
that would be
impacted & the
clause no. or
addition of new
clause/provision

Changes that may
be necessary in the
Standards under
review

Action proposed

vii)  Any consequential changes to be considered in other IS






Related IS to get impacted Requirements to be impacted

All galvanized steel product IS 277 and other galvanized steel product
standard such as IS 277:2018 | specifications currently refers to IS 6745:1972
(Galvanized steel strips and as the method for determination of mass of
sheets (Plain And Corrugated) | zinc coating. Revision of IS 6745 will affect
— Specification) these product specifications.

6. Any other observation:

IS 6745:1972 covers only gravimetric (chemicals) method for determination of mass of
zinc coating on galvanized steel products. However, international standard ISO
17925:2004 prescribes both chemical and instrumental methods and also methods for
determination of chemical composition of Al-Zn alloy coatings as well as mass of Al
coatings and Al-Zn alloy coatings.

On the other hand, 1S 6745:1972 specifies methods for samples of galvanized sheet,
galvanized wire as well as other articles: like bolts and nuts, castings and forgings etc.
whereas the method specified in ISO 17925:2004 applies only to flat products like
sheets, strips etc. There are, however, the following 1SO standard which specify
methods for determination of mass of zinc coatings on wires and other ferrous metal
articles

ISO 7989-2:2021 (Steel wire and wire products — Non-ferrous metallic coatings on
steel wire — Part 2: Zinc or zinc-alloy coating)

ISO 1460:2020 (Metallic coatings — Hot dip galvanized coatings on ferrous materials
— Gravimetric determination of the mass per unit area)

It is therefore proposed to align the Indian Standard with the above 1SO standards as
well. However, ISO 1460:2020 is mainly applicable to shapes whose areas are easy to
determine. Therefore, for such articles where 1SO 1460:2020 cannot be used, it is
viewed that we may utilize the test methods given in IS 6745 itself since no such
restriction is prescribed in this standard.

Further, the ISO standards like 1ISO 17925:2004 prescribe methods not only for
testing of zinc coatings but other kinds of coatings as well like aluminium-zinc etc. It
is viewed therefore that in order align the Indian Standard with international practice,
either direct adoption of the ISO, or incorporation of suitable methods with respect to
determination of mass/thickness of other types of coatings in the Indian Standard,
may be considered.

Further, there are different ISO standards available for different kinds of articles like
sheet, wire etc. while the Indian Standard IS 6745 covers all kinds of articles by itself
which is not in consonance with ISO practice. In due course, the idea of either
adoption of the relevant 1SO standards or developing indigenous standards which are
in line with current technology and international practice for determination of mass of
coating, may be considered.





7. Recommendations:

Since ISO standards for determination of mass of zinc coating on sheet, wire and other
articles are available on the subject, a draft IS 6745:2022 has been prepared to align the
methods of the Indian Standard with those of the ISO standards. For those kinds of articles
which are not explicitly covered in the ISO standard, the provisions in the existing version
of IS 6745 have been retained.

However, it is felt that in order to align the standard with current technology and
international standards and practices, either adoption of the relevant ISO standards or
developing article-wise indigenous standards (as per 1ISO practice) which are in line with
current technology and international practice for determination of mass of coating,
including for other types of coating in addition to zinc, may be considered.
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FOREWORD

(Formal clause will be added to be later)

This standard was Originally published in 1976. This standard was first published in 1983. This revision has been brought out to bring the standard in the latest style and format of the Indian Standards. 

The test described in this standard are intended to apply to various types of temporary corrosion preventives except volatile corrosion inhibitors (powder and paper). These tests are suitable for testing the effectiveness of temporary corrosion preventives applied to bare steel or composite metal surface. 

The humidity cabinet test and the sulphur dioxide test (IP test) give reasonable correlation with service performance under outdoor as well as indoor atmospheric conditions, but they are essentially accelerated corrosion tests and do not reproduce all the factors involved in the natural deterioration of the preventives. It will be preferred if the temporary corrosion preventives are evaluated by these tests against similar materials of known practical performance. 

Laboratory work has shown that the IP test, developed by the Institute of Petroleum, London, gives more reproducible results than the humidity cabinet test. Moreover, the results of the IP test (without SO2) have better correlation with actual exposure conditions than with the results of the humidity cabinet test. A further advantage of using the IP test is that marine, industrial or marine-cum-industrial conditions can be simulated in the IQ test, whereas it is not possible in case of the humidity cabinet test.

Test duration for each test against individual protective is generally given in the relevant material specification. However, in view of the wide variety of available protectives and of conditions of exposure in practice, it is better for the users of the specification to adopt a minimum test duration to a specified degree of breakdown, depending upon their individual
requirement.

Temporary corrosion preventives and subsequent packaging must necessarily be considered together. It is known that the protectives behave differently in severe climatic conditions, depending on whether they are exposed in unpackaged or packaged condition.

In reporting the result of a test or analysis made in accordance with this standard, if the final value, observed or calculated, is to be rounded off, it shall be done in accordance with IS 2 : 2022.


Draft Indian Standard

METHOD FOR CORROSION PROTECTION TESTS FOR TEMPORARY CORROSION PREVENTIVES

(First Revision)



1 SCOPE

1.1 This standard prescribes various methods of testing the corrosion preventing efficacy of temporary corrosion preventives under set corrosive conditions to determine whether a desired standard of quality is achieved. 

1.2 The test shall be carried out on the following: 

a) Standard test specimens, as defined in Annex A, coated with a protective scheme under actual production conditions. 

b) Actual articles, which are small enough to be exposed inside the testing chambers or apparatus. 

1.3 An indication of the types of protectives, to which the tests may be applied is given in Annex B. The use of the tests for any particular purpose and the standard of performance required for such purpose are left to the discretion of those wishing to apply the standard. 

1.4 For certain uses, the ability of a protective to prevent corrosion, when in the damaged condition is important. Provision is made, therefore, for the test specimen to be subjected, if desired, to a standard form of damage, before they undergo test. 

2 REFERENCE

The following Indian Standards contain provisions, which through reference in this text, constitute provisions of this standard.  At the time of publication, the editions indicated were valid.  All standards are subject to revision and parties to agreements based on this standard are encouraged to investigate the possibility of applying the most recent editions of the standards indicated in given below:

		IS

		TITLE



		IS 405 ( Part 1) :1992

		Lead sheets and strips - Specification: Part 1 for chemical purposes (third revision)



		IS 410 : 1977

		Specification for cold rolled brass sheet, strip and foil (third revision)



		IS 513 (Part 1) : 2016

		Cold reduced carbon steel sheet and strip: Part 1 cold forming and drawing purpose



		IS 537 : 2011

		Toluene - Specification (second revision)



		IS 713 : 1981

		Specification for zinc base alloy ingots for die casting (second revision)



		IS 737 : 2008

		Wrought aluminium and aluminium alloy sheet and strip for general engineering purposes - Specification (fourth revision)



		IS  1070 :1992

		Reagent grade water - Specification (third revision)



		IS 1448 (Part 15) : 2004

ISO 2160 : 1998

		Methods of Test for Petroleum and Its Products - Part 15: Petroleum Products - Corrosiveness to Copper - Copper Strip Test



		IS  1745 : 2018



		Petroleum hydrocarbon solvents - Specification (third revision)



		IS  4825 : 1982

		Specification for liquid - In - Glass solid - Stem reference thermometers (first revision)







3 TEST FOR PROTECTION AGAINST CORROSION AT HIGH L TEMPERATURE AND HIGH HUMIDITY (HUMIDITY CABINET TEST) 

3.1 Apparatus 

3.1.1 Humidity Cabinet 

The humidity cabinet shall fulfil the following requirements: 

a) Humidification - Condensation conditions shall be maintained by evaporation of distilled water from a small reservoir placed inside the cabinet (contamination of the internal water reservoir with oil or protectives may lead to the formation of a film on the surface of the reservoir. This reduces the volatilization of the water and hence the humidity of air in the cabinet); 

b) Heating -The heating shall be done through the medium of water either by means of heaters-placed immediately below the water reservoir or by a heater completely immersed in water; 

c) Temperature Cycle - The heater shall be controlled in such a way that the temperature of the cabinet cycles continuously from 42 ± 1°C to 48 ± 1°C and back to 42 ± 1°C in not less than 45 min and not more than 75 min. The time required for heating and cooling shall be approximately equal; 

d) Air Circulation - The air shall be circulated by means of a fan in such a way that the temperature in any part of the air space in the cabinet shall not differ from that in any other part by more than 0.5%; and 

e) Spacing of Test Panels - The panels may be supported on glass or plastic racks or suspended with the help of hooks made of glass or nichrome wire.

3.2 Material 

3.2.1 Mild Steel Panels 

The mild steel panel required for this test shall be as specified in Annex A. The size of panel shall be approximately 100 mm x 150 mm with a 3 mm diameter hole drilled centrally near one of the shorter edges. 

3.2.2 Emery Cloth No. I 

3.23 Emery Cloth No. 0 

3.2.4 Toluene, Sulphur-free or Acetone 

3.2.5 Methanol 

3.3 Preparation of Mild Steel Panels 

The test panels shall be prepared according to instruction given in Annex A. 

3.4 Application and Draining of Corrosion Preventives

The temporary corrosion preventive shall be applied to the test panels by dipping, brushing or smearing, depending on the nature of the preventive. After dipping only once, the panels shall be suspended from their holes with the help of hooks made of glass or nichrome wire, for 24 hours in a vertical position at room temperature in a well-ventilated position and away from direct sunlight. 

3.5 Procedure 

3.5.1 The test shall be run in quadruplicate.

3.5.2 The coated panels shall be maintained vertically for specified time (which may differ with the type of preservative) in the humidity cabinet, after which the film of the material shall be removed from the panel by swabbing with a piece of muslin cloth soaked with toluene or acetone and the exposed metal visually examined for corrosion. The panel may afterwards be derusted to determine the loss of weight due to corrosion for comparative studies. 

3.5.3 Acceptability Criteria

The temporary corrosion preventive shall be taken to have satisfied the requirements of the test if three out of four panels do not show any sign of corrosion. Any corrosion extending up to 6 mm from the edges and the suspension hole, and also any corrosion due to local removal of the film of the corrosion preventive by the supporting device shall be ignored. 

4 TEST FOR FREEDOM FROM CORROSIVE EFFECT ON METAL COUPLES 

4.1 Apparatus 

4.1.1 Oven

The oven shall be thermostatically controlled and capable of maintaining a temperature of 50 ± 1°C. 

4.1.2 Glass Container

Four suitable wide-mouthed heat resistant glass containers fitted with vented corks shall be used. 

4.2 Material 

4.2.1 Test Panels 

The test panels of 50 x 25 mm shall be of mild steel, brass, aluminium alloy, magnesium alloy and zinc base alloy, whose compositions are described in Annex A. 

4.2.1.1 The pair of metals concerned (see Annex A) shall be drilled centrally to accommodate a nut and bolt which shall be of brass, except in the case of aluminium alloy and mild steel couple, when a steel nut and bolt shall be used. The pair of metals shall be clamped firmly together in the form of a cross with an angle of 20° between their major axes before test. 

4.2.2 Emery Cloth No. 0 

4.2.3 Toluene, Sulphur Free or Acetone 

4.2.4 Methanol 

4.3 Cleaning of Metal Panels 

All the metal panels shall be cleaned, finished and degreased as described in Annex A. 

4.4 Procedure 

4.4.1 The test shall be run in quadruplicate.

4.4.2 Take sufficient quantity of temporary corrosion preventive in each of the four glass containers and introduce one metal couple in each of the containers such that half the length of the metal couple is immersed in the corrosion preventive. Close the glass containers with the vented cork and place them in the oven maintained at 50 ± 1°C for 8 h. Remove the glass containers from the oven and take out the metal couples from the containers. Separate the metal panels of the couple. Remove the film of temporary corrosion preventive by swabbing the metal panels with a piece of muslin cloth soaked in toluene or acetone and visually examine for corrosion. 

5 COPPER STRIP CORROSION TEST 

5.1 Copper Strip Corrosion	Comment by MTD: DR DUARI COMMENT

This is a qualitative method that is used to determine the level of corrosion of petroleum products

This test can be used for testing gasoline, solvents, natural gasoline, kerosene, diesel fuel, distilled fuel oil & lubricating oil; among other products using test bath. At high temperature, a copper strip that has been polished is immersed in a sample.

The method is well suited for specification settings, internal quality control tools and development and research on aromatic industrial hydrocarbons. It also finds out the presence of harmful corrosive substances, like acidic or sulphur compounds, which may corrode the equipment. The value of this test is reported in S.I units.

5.2 Apparatus 

5.2.1 Test Tube 

Test tube made of resistant glass, size 25 mm dia x 150 mm length. 

5.2.2 Beaker 

a) One tall form, made of resistant glass and of 100 ml capacity; and 

b) One tall form made of resistant glass and of 150 ml capacity. 

5.2.3 Low Pressure Bomb

Shall be of welded construction and made of stainless steel according to the dimensions given in Fig. 1. The bomb shall be used for working pressure up to 7 kgf/cm2. Alternate designs for the bomb cap and the synthetic rubber gasket may be used but the internal dimensions of the bomb shall be the same as those shown in Fig. 1. One test tube shall be used as a liner for holding the sample. 

5.2.4 Bomb Bath

An oil or water bath deep enough to completely submerge the bomb vertically and capable of being maintained at 100 ± 1 °C. 

5.2.5 Test Tube Bath 

An oil or water bath for maintaining a constant temperature of 100 ± 1 °C or 50 ± 1 °C The bath shall be provided with support to hold the tube vertically and submerge to a depth of about 100 mm. 

5.2.6 Oven 

The oven shall be able to be controlled within ± 2 °C of the specified test temperature.

5.2.7 Thermometer 

Conforming to the following requirements:

		i) 

		Range

		20 °C to 102 °C



		ii) 

		Graduation 

		0.2 °C



		iii) 

		Immersion

		Total



		iv) 

		Total Over-all length

		406 ± 10 mm



		v) 

		Stem diameter

		6 to 8 mm



		vi) 

		Bulb shape 

		Cylindrical



		vii) 

		Bulb Length

		14 to 18 mm



		viii) 

		Bulb diameter

		6 to 7 mm and not greater than stem 



		ix) 

		Length of graduated portion 

		308 to 363 mm



		x) 

		Distance between bottom of bulb and 20°C mark 

		32 to 51 mm



		xi) 

		Longer lines at each 

		1 °C



		xii) 

		Figured at each 

		2 °C



		xiii) 

		Expence chamber 

		To allow heating to 150 °C



		xiv) 

		Top finish 

		Ring



		xv) 

		Scale error not to exceed

		± 0.1 °C
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All dimensions in millimeters

FIG. 1 LOW PRESSURE BOMB




5.2.8 Strip-Vice  

Strip-Vice for holding the copper strip firmly without marring the edges while polishing. A small commercial vice may be adopted for this use by fitting it with stainless steel shields. 

5.2.9 Flat Inspection Tube

For protecting corroded strip for close inspection. This tube shall be free from stress or similar defects. The maximum dimensions of the inspection tube shall be as shown in Fig. 2 and the minimum shall be such that a copper strip 3.2 × 15 mm may enter easily. 

5.3 Materials

5.3.1 Wash Solvents 

Use knock-test grade ISO-Octane or sulphur free toluene. 

5.3.2 Water Distilled Quality (see IS 1070) 

5.3.3 Polishing Material 

Silicon carbide or alumina grit paper or cloth of varying fineness down to No. 00 emery cloth or equivalent, also a supply of No. 150 grade carborundam powder and pharmaceutical grade absorbent cotton wool. 

5.3.4 Copper Strips 

Strips of 75 mm in length, shall be cut from 13 mm wide, 1.6 to 3.2 mm thick, soft annealed copper strip made of electrolytic copper of not less than 99.9 percent purity. The strips may be used repeatedly but shall be discarded when they show pitting or deep scratches, which are not easily removable or when the surface becomes deformed. 

5.3.5 Corrosion Standards 

ASTM Copper corrosion standard plaques. These consist of reproductions of typical strips representing increasing degree of tarnish and corrosion, as described in Table 1 of IS 1448 (Part 15) Suitable precautions shall be observed while handling the plaques. Keep the plastic encased printed copper corrosion standards protected from light to avoid possibility of fading. Inspect the fading by comparing two different plaques, one of which has been carefully protected from light (new). Observe both sets in diffused light (or equivalent), first from a position directly above and then from an angle of 45°. If any evidence of fading is observed, particularly at left hand end of the plaque, discard the one that is more faded than the other.	Comment by MTD [2]: Cant refer ASTM standard. Table 1 of IS 1448 suffice the purpose

[image: ]

				All dimensions in millimetres 

FIG. 2 COPPER STRIP VIEWING TUBE

NOTES

Alternatively place a 20 mm opaque strip (masking tapes) across the top of the coloured portion of plaque when initially purchased. At intervals remove the opaque strip and observe. replace with a new plaque. 

If there is any evidence of fading of the exposed portion, If the surface of the plastic cover shows excessive scratches, the plaque may be replaced. 

5.4 Preparation of the Strips 

5.4.1 Surface Preparation

Remove all surface blemishes from all six sides of the strip with silicon carbide or suitable alumina grit paper. Finish with 00 emery cloth or equivalent, removing all marks that have been made by the other grades of paper used previously. Immerse the strip in wash solvent from which it may be withdrawn immediately for final polishing or in which it may be stored for future use.

As a practical manual procedure for surface preparation, place a sheet of the abrasive paper on a flat surface, moisten it with kerosene or wash solvent and rub the strip against the paper with a rotary motion, protecting the strip from contact with fingers with an ashless filter paper. Alternatively, the strip may be prepared by motor driven machines using appropriate grades of dry paper or cloth. 

5.4.2 Final Polishing 

Remove the strip from the wash solvent. Holding it in the fingers protected with an ashless filter paper, polish first the ends and then the sides with the 150 grade Carborundum powder, picked up from a clean glass plate with a pad of cotton wool and moistened with a drop of wash solvent. Wipe vigorously with fresh pads of cotton and subsequently handle only with stainless steel forceps. 

5.4.2.1 Caution

Do not touch with fingers. Clamp in a vice and polish the main surfaces with the Carborundum powder on cotton pad. Rub in the direction of the long axis of the strip carrying the stroke beyond the end of the strip before reversing the direction. Clean all metal dust from the strip by rubbing vigorously with clean pads of cotton until a fresh pad remains unsoiled. When the strip is clean, immediately immerse it in the sample. 

5.4.2.2 It is important to polish the whole surface of the strip uniformly to obtain a uniformly polished strip. If the edges show wear (surface elliptical), they are likely to show more corrosion than the Centre. The use of a vice facilitates uniform polish. 

5.5 Procedure 

5.5.1 Test at 50°C for Samples Containing Less Volatile Matter

Place 30 ml of sample, completely clean and free of any suspended or entrained water, into a chemically clean, dry test tube, as specified in 5.2.1 and within 1 minute, after completing the final polishing, slide the copper strip into the sample tube. Stopper it with a vented cork and place in a bath maintained at the required temperature. Protect the sample from light during test. After 3 hours ± 5 minutes in the bath, take out and examine the strips as described in 5.6.

5.5.2 Test at 100°C for Volatile Material

Take 30 ml of sample in the test tube and slide the copper strip into the test tube as before. Carefully slide the test tube into the sample bomb, specified in 5.2.3 and screw the lid tight. Completely immerse the bomb in an oil or water bath specified in 5.2.4 After 2 hours ± 5 minutes in the bath, withdraw the bomb and immerse for a few minutes in tap water. Open and withdraw the test tube and examine the strips as described in 5.6. 

5.6 Examination of the Copper Strip 

Empty the contents of test tube (containing liquid sample) into a 150 ml tall-form beaker, letting the strip slide in gently so as to avoid breaking the beaker. Immediately withdraw the strip with stainless steel forceps and immerse in a wash solvent. Withdraw the strip at once, dry with suitable filter paper (by blotting and not by wiping). 

5.6.1 Inspect for evidence of tarnishing or corrosion by comparing it with ASTM Copper Strip Corrosion Standards. Hold both the test strip and the standard strip in such a manner that light reflected from them at an angle of approximately 45° is observed. The danger of marking or staining will be avoided if the strip is inserted in the inspection tube, which is stoppered with absorbent cotton. 	Comment by MTD [2]: Cant refer ASTM. Cant refer ASTM standard. Table 1 of IS 1448 suffice the purpose

5.7 Interpretation 

Interpret the corrosiveness of sample accordingly as the appearance of test strip in accordance with table 1 of IS 1448 (Part 15). When a strip is in the obvious transition stage between that indicated by any two adjacent corrosion standard strips, judge the sample by the more tarnished standard strip.

5.7.1 To distinguish multi-colored strips, place the strip in a 20 mm x 150 mm test tube and bring it to a temperature of 315 to 370 °C in 4 to 6 minutes with the tube lying on a hot plate. Now judge the strip by comparing with the standard strips. 

6 TEST FOR CORROSIVE EFFECT ON LEAD 

6.1 Apparatus 

6.1.1 Oven 

The oven shall be thermostatically controlled and capable of maintaining a temperature of 50 ± 1°C. 

6.1.2 Glass Container

A wide mouthed glass container, fitted with ground glass stopper, shall be used. Its capacity shall be approximately 500 ml and shall be made from heat resistant glass. 

6.2 Materials 

6.2.1 Lead Test Panels 

The composition of the metal shall be as described in Annex A. 

The panel shall be approximately 75 x 50 x 1.6 mm in size and shall be free from deep scratches and surface imperfections. 

6.2.2 Toluene, Sulphur-free or Acetone 

6.2.3 Methanol 

6.2.4 Dilute Acetic Acid 

Approximately one percent by volume. 

6.3 Cleaning of Lead Panel 

The panel shall be cleaned, finished and degreased as described in Annex A. 

6.4 Procedure 

6.4.1 Carry out the test in triplicate. 

6.4.2 Place the weighed lead panel in the glass container and add sufficient quantity of the corrosion preventive so that the panel is immersed to a depth of 10 mm below the surface of the corrosion preventive. Close the container with the stopper and place it for 8 hours in the oven maintained at 50°C. Remove the container from the oven, withdraw the panel and cool. Remove the film of corrosion preventive by swabbing lightly with cotton wool soaked in toluene or acetone. Dip the panel in boiling acetic acid for 1 to 2 minutes, rinse with water, dry and weigh. Carry out, side by side, one or two blank tests by dipping for the same period of time, fresh panels of lead in boiling dilute acetic acid of the same strength. Rinse with water, dry and determine the loss in weight of the panel. Subtract the loss in weight, as obtained with the blanks, from that of the assay test panels to get the correct loss in weight of the latter. 

6.4.2.1 Calculate the average loss in weight of the panel in milligrams per square centimeter of surface. Report the average of three results. 

7 TEST FOR CORROSION RESISTANCE OF STRIPPABLE COATINGS 

7.1 Apparatus 

7.1.1 Ovens 

Thermostatically maintained at the desired temperature. 

7.1.2 Humidity Cabinet 

Suitably designed so that a relative humidity of 100 percent is maintained by evaporation of water from a reservoir situated at the bottom. The water shall be heated by a heater completely immersed in the water. The temperature of the air space shall be controlled thermostatically so that it lies between 40 and 42°C the air space in the cabinet shall be maintained at a uniform temperature within ± 50°C at any point by means of a suitable air-circulating fan.

7.1.3 One Glass Beaker - for melting the material, one litre capacity. 

7.1.4 Sodium Chloride Solution (5 percent) 

Dissolve 5 g of sodium chloride, pure grade, in 100 ml of distilled water. 

7.2 Materials 

7.2.1 Steel Panels – 75 × 50 × 3 mm size made from cold finished steel with rounded edges and corners each having a 5 mm hole with its centre in the middle of its length and at a distance of 5 mm from one long edge. Each panel shall be provided with a suitable suspension wire of copper passing through the hole. Each panel shall be polished, finished and degreased as described in Annex A. Before use, each panel shall be kept in a desiccator for one hour. 

7.3 Resistance to High Humidity 

7.3.1 Procedure 

Cut about 600 g of materials in 6.25 mm size cubes and place them in one litre glass beaker. Heat it in an oven at the specified dipping temperature within ±2 °C. Suspend 3 steel panels into the molten compound for a period of about 5 seconds. Dip twice. Remove the panel quickly without jerks and allow it to drain without shaking it or giving it any jerky motion. Keep the panels at room temperature for about 2 hours. Keep the panels for 72 hours in the humidity cabinet maintained at 42 to 45°C. 

7.3.1.1 After this period take out the panels carefully, strip off the l film and examine them. The material shall be regarded as resistant to high humidity if the panels show no evidence of corrosion. 

7.4 Resistance to Temperature Cycling 

7.4.1 Procedure 

Coat three steel panels described in 6.2.1 but keep them at room temperature for about 24 h. Subject the panels to the following cycle 5 times: 

a) 16 hours in the humidity cabinet; 

b) Three hours at a temperature of – 10 to ± 1°C; 

c) Two hours at a temperature of 10 to ± 1°C and 

d) Three hours immersion in a 5 percent sodium chloride solution at room temperature. 

7.4.1.1 After completing the 5 cycles, take out the panels, carefully strip off the film and examine them. The material shall be regarded as resistant to temperature cycling, if panels show no evidence of corrosion. 

8 SULPHUR DIOXIDE TEST (IP TEST) 

8.1 IP Testing	Comment by MTD: Comment from Dr Duari. Recheck IP Test.
What is the relation between Sulphur dioxide test and IP test? 

Ingress protection testing or IP testing, tests a product’s ability to protect against ingress, that is the infiltration of water, dust & foreign objects. Some of the standards related to IP testing are MIL-STD-810(Military), RTCA/DO-160 (Radio technical commission for Aeronautics) & IS/IEC 60529 : 2001 (International electro technical commission).

8.2 Apparatus 

8.2.1 Beaker 

Beaker of resistant glass, without spout, of 5 litre capacity, approximately 270 mm high and 170 mm outside diameter and fitted with a rubber gasket to take the cover. 

8.2.2 Beaker Cover

Dome-shaped of unplasticized methyl methacrylate plastic (Perspex) material, kept in position by a suitable rim or groove, and having three 16 mm holes centered along one diameter of the cover, with one at its centre and other two at 70 mm radius. 

8.2.3 Thermostat Holder 

A resistant glass test tube supported in the centre hole of the cover. This test tube also acts as a support for the panel holder, which is held in place by a stout rubber ring. A piece of rubber tubing, 11 mm bore, 5 mm wall thickness, about 38 mm long, has been found suitable for this purpose. 

8.2.4 Panel Holder 

Panel Holder of unplasticized methyl methacrylate plastic material capable of supporting twelve panels radially in the beaker. Alternative designs are permissible provided the positions of the panels are identical. 

8.2.1.5 Heater 

Electrical, automatically controlled to maintain the specified test temperature, contained in a support that has recess 58 to 64 mm deep in which the beaker sits, the clearance between the beaker and the wall of the recess being approximately 2.5 mm. (It has been found that a heater of 150 W, so arranged that 50 W is continuously on and 100 W is controlled by the thermostat is suitable). 

8.2.6 Thermostat 

Capable of controlling the heater to maintain the temperature of the air space between 42 to 48°C and placed in its holder so that it is 25 mm above the bottom edge of the panels when they are in position. 

8.2.7 Water Cooling Device 

Coiled compo or soft-metal tubing (8 mm dia) resting on the top of the recess, the number of turns of the coil being such that the top of the coil is 6.0 to 6.5 mm below the level of the top of the panels. 

8.2.8 Thermometer

Conforming to IS 4825 and inserted in one of the holes in the cover so that the bulb is in level with the mid-point of the panels. 

8.3 Materials and Reagents 

8.3.1 Steel Panels – 150 mm x 50 mm x 0.9 mm thick mild steel as described in Annex A. 

8.3.2 Emergy Cloth - Grade 0 and 1. 

8.3.3 Sodium Thiosulphate - solid. 

8.3.4 Sulphuric Acid - pure grade, 0.15 to 0.16 N. 

8.3.5 Petroleum Hydrocarbon Solvent - 60 to 80 grade (see IS 1745). As an alternative, n-heptane may be used. 

8.3.6 Derusting Solution for Mild Steel - same as described in Annex A. 

8.4 Procedure 

8.4.1 Prepare and finish mild steel panels as described in Annex A. Coat three panels with each preventive under test. If desired the specimens may be damaged by making two longitudinal scratches each 40 mm long, with a point of knife-head. 

8.4.2 Pour into the beaker 500 ml of distilled water in which 50 g of sodium thiosulphate has been dissolved. Assemble the test panels coated with the temporary corrosion preventive and two similar uncoated, weighed panels on the holder. Place the cover on the beaker and adjust the panel holder so that the lower edges of the panels are approximately 40 mm from the surface of the thiosulphate solution. Switch on the current and run cold water through the cooling coil. When the vapour temperature has stabilized at approximately 45°C, add 10 ml of sulphuric acid; this corresponds to 0.05 g of sulphur dioxide. Add a further quantity of 10 ml of acid after approximately 8 hours and additional 10 ml quantities twice in each working day at intervals of approximately 8 hours, except during the fifth and sixth days. Make these additions from a small graduated cylinder through a long-stemmed funnel to avoid splashing the panels. Except when adding the acid, close the holes in the lid with rubber bungs during the test. Turn each panel through 180° about its vertical axis every 25 hours except on the fifth and sixth days and the, whole set of panels through 90° after each addition of acid. Continue the test for the agreed period. In case where test is to be conducted without SO2, additions of sulphuric acid will not be made. The other procedure will remain the same. 

8.4.2.1 At the end of the test period, remove the panels from the beaker, wash off the corrosion preventive with the petroleum solvent, and derust with Clarks solution (see Annex A)

8.5 Loss in Weight of Control Specimens

At the end of the agreed test period the loss in weight of the control specimens shall be determined after derusting as described in Annex A. The average loss in weight in case of testing with SO2, shall be not less than the value given below:

		Sl No.

		Test Duration

Days

		Average Loss in Weight of 150mm x 50 mm Mild Steel test panel, g



		i) 

		1

		0.5



		ii) 

		3

		1.0



		iii) 

		5

		2.0



		iv) 

		7

		2.2



		v) 

		14

		3.6



		vi) 

		21

		4.1



		vii) 

		28

		5.8







8.6 Inspection 

At the end of the agreed test period, the specimens shall be rinsed in cold water, visually inspected and allowed to dry at room temperature. The film of the applied temporary preventives is removed by swabbing with the petroleum solvent and final inspection is made.

8.7 Number of Test Specimens 

Test shall be made on three test panels coated with each preventive under test. At the end of the agreed test period, no specimen shall fail to comply with the criteria specified in 8.8. 

8.8 Criteria of Acceptability 

For acceptance of the temporary corrosion preventive, there shall be not more than 0.5 percent (by area) of rust and rust-staining in case of undamaged test specimens. 

In case of damaged test specimens, no rust or rust-staining shall extend at any point beyond 5 mm from the original boundaries of scratches.




ANNEX A

(Clauses 1.2, 3.3.1, 3.3, 4.2.1, 4.2.1.1, 4.3, 6.2.1, 6.3, 7.2.1, 8.3.1, 8.3.6, 8.4.1, 8.4.2.1 and 8.5)

STANDARD TEST SPECIMENS AND THEIR PREPARATION



A-1 SPECIMENS 

A-1.1 Rectangular metal panels, cut from bright sheet or strips, preferably of 0.9 to 1.25 mm thickness (except for lead and magnesium) shall be used in the tests. 

A-2 COMPOSITION OF METALS 

A-2.1 The test specimens shall be prepared from the following types of metal sheets: 

a) Mild steel sheets of extra deep drawing quality having a bright finish and in the fully annealed condition conforming to IS 513 Part 1

b) Electrolytic copper sheets in the soft annealed condition having a minimum purity of 99.9 percent. 

c) Brass sheets of alloy CuZn40 conforming to IS 410 

d) Zinc base alloys conforming to IS 713

e) Aluminium alloy sheets of alloy 24345 conforming to IS 737

f) Pure lead sheets conforming to IS 405 (Part 1)

g) Magnesium alloy sheets having the composition, as given below: 

		Constituent

		Percent by Weight



		Aluminium, Max

		0.05



		Zinc, Max

		0.03



		Manganese, Max

		1.0 to 2.0



		Copper, Max

		0.02



		Silicon, Max

		0.02



		Iron, Max

		0.03



		Nickel, Max

		0.005



		Calcium, Max

		0.02



		Magnesium

		Remainder





A-2.2 A suspension hole, about 6 mm in diameter and lightly counter sunk on each side, shall be drilled centrally at 6 mm distance from the edge of one of the shorter side, if the test specimens are to be suspended. All cut edges and corners shall be slightly rounded off and smoothed. Panels shall be free from scales or oxides, pits, scratches or surface imperfections. 

A-3 SURFACE PREPARATION OF TEST SPECIMENS 

A-3.1 Mild Steel, Copper, Brass and Zinc Alloys 

Abrade the panels first with emery cloth No, 1 and then with emery cloth No. 0 finishing with circular motion until the surface is covered with circular polishing marks superimposed on each other. Finally polish them to a smooth bright finish. 

A-3.2 Magnesium Alloy 

Polish to a smooth finish with moist pumic powder. 

A-3.3 Aluminium Alloy

Polish to a smooth finish with moist pumic powder. 

A-3.4 Lead Panel 

Clean the panel on both sides and on all edges to a smooth bright -finish by scraping with a sharp tool. Then clean it by dipping in boiling 1 percent acetic acid solution for one minute.

A-4 DEGREASING OF PANELS BEFORE TEST 

A-4.1 Clean and degrease the metal panels by swabbing with cotton or muslin cloth saturated with sulphur-free toluene (see IS 537) or acetone (sulphur free). Rinse the panel with methanol (minimum 98 percent by volume and water white in colour, containing not more than traces of aldehydes and acids). In case of magnesium alloy, dry methanol shall not be used. Finally, dry the panel in a current of warm, dry air and after weighing, immediately coat with the material. During and after degreasing, do not handle the panels by bare hands. Use a pair of clean metal forceps, preferably of stainless steel. 

A-5 WEIGHING OF PANELS 

A-5.1 Weigh the test specimens in a microbalance, if metal loss due to corrosion is to be ascertained, and record the weights. 

A-6 CLEANING OF TEST SPECIMENS AFTER TEST 

A-6.1 In most of the cases, there will be no need to clean the test specimens as observation of the condition of metal surface is considered sufficient. However, if the loss in weight data is needed, the test specimens should be cleaned as below. 

A-6.2 Mild Steel Test Specimens 

A-6.2.1 Reagent 

Clarke’s Solution - Dissolve 20 g of antimonious oxide and 50 g of stannous chloride in one litre of concentrated hydrochloric acid (rd 1.16). 

A-6.2.2 Procedure 

The specimens shall be immersed in Clarke’s solution for derusting. The solution shall be cool at ambient temperature) and the test specimens kept moving in it until derusting is complete. The specimens shall then be washed in cold running water, dried between filter papers or by hot air, kept in a desiccator, and weighed. The figure to be recorded is the difference between the weight of the freshly degreased specimens and the corresponding weight after derusting. It is essential that the specimens be kept moving in the solution so as to ensure rapid reduction of ferric chlorides produced by solution of the rust, otherwise attack on the steel itself may occur. 

A-6.3 Brass and Copper Test Specimens 

A-6.3.1 Reagent-Sulphuric Acid Solution - (5 Percent v/v) 

Dissolve 5 ml of concentrated sulphuric acid ( rd 1.98 ) in 95 ml of distilled water. 

A-6.3.2 Procedure 

Dip the test specimen for 30 seconds to 5 minutes in sulphuric acid solution at room temperature till the metal surface becomes free from corrosion product. Wash in cold running water, dry and weigh, 

A-6.4 Aluminium Alloy Test Specimen 

A-6.4.1 Reagents 

a) Concentrated nitric acid (rd 1.12). 

b) Chromic acid-phosphoric acid - Dissolve 2 g of chromium trioxide (free from chloride) and 5 ml of phosphoric acid in 100 ml of distilled water. 

A-6.4.2 Procedure 

Immerse the test specimen for 30 seconds to 2 minutes in concentrated nitric acid at room temperature until corrosion product on the surface dissolves away. Wash in running water, dry and weigh. If the corrosion product does not dissolve, dip the panel in chromic acid and phosphoric acid solution at 80-85 °C, wash in running water, dry and weigh. 

A-6.5 Magnesium Alloy Test Specimens 

A-6.5.1 Reagent - Chromic Acid Solution 

Dissolve 15 g of chromic oxide and 1 g of silver chromate in 100 ml of distilled water. 

A-6.5.2 Procedure 

Dip for 5-15 minutes in boiling chromic acid solution, till the surface is free from corrosion product. Wash in water, lightly scrubbing with soft bristle brush, dry and weigh. 

A-6.6 Zinc Alloy Test Specimen 

A-6.6.1 Reagent - Chromic Acid Solution 

Dissolve 10 g of chromic oxide and 2 g of silver chromate in 100 ml of distilled water. 

A-6.6.2 Procedure 

Dip for 5-10 ~minutes in the solution at ambient temperature, till the surface is free from the corrosion. Wash in water, lightly scrubbing with soft bristle brush, dry and weigh. 

A-6.7 Lead Test Specimen 

A-6.7.1 Reagent 

Dilute Acetic Acid- Mix 1 ml of glacial acetic acid with 100 ml of distilled water. 

A-6.7.2 Procedure 

Dip the panel in the boiling dilute acetic acid for 1-2 minutes, rinse with water and dry. 

NOTE - Clean one control specimen (uncorroded) under same conditions in each case. Determine its loss in weight and deduct this figure from the obtained loss in weight of the test specimen. 




ANNEX B

(Clause 1.3)

TYPES OF TEMPORARY PROTECTIVES 

B-l HARD FILM SOLVENT DEPOSITED TYPE - DIPPING OR SPRAYING 

B-l.1 It consists of solutions of protectives. It is generally applied by dipping or spraying, for example, plasticized resins in volatile solvents. On evaporation of the solvent, a thin, tough, abrasion-resistant film, capable of being handled without damage, is obtained. Quick drying and slow drying materials are available. Primary warp of waxed paper is necessary to protect mechanical damage in transportation and handling. 

B-2 SOFT FILM SOLVENT DEPOSITED TYPE - COLD DIPPING OR SPRAYING

B-2.1 It consists of solutions of protectives like lanolin in volatile solvent and is applied by dipping or spraying. On evaporation of. the solvent, a thin soft film of protective remains on the metal surface. There are two grades: 

a) Ordinary grade, and 

b) Water displacing grade. 

B-3 SOFT FILM, HOT DIPPING TYPE 

B-3.1 It gives a thick soft film of a protective, usually based on petrolatum (petroleum jelly or mineral jelly). It is applied by dipping in melted protective. 

B-4 SOFT FILM GREASE 

B-4.1 It is normally applied by brushing or smearing to give a thick soft film. There are two grades: 

a) Conventional type-metallic soap mineral oil base grease, and 

b) Castor oil base grease. 

B-5 SOFT FILM, SEMI FLUID TYPE 

B-5.1 It is based on solutions of suitable corrosion inhibitors (for example wool fat derivatives) in mineral oils or in mixtures of mineral oils and petrolatum gives films of medium thickness and is applied by brushing or swabbing. 

B-6 OIL FILM TYPE 

B-6.1 It consists of lubricating oils containing soluble corrosion inhibitors. These are generally applied by dipping, spraying or brushing. There are two grades: 

a) Oil type-general purpose protectives; and 

b) Oil type engine protectives. 

B-7 STRIPPABLE COATING 

B-7.1 It forms tough, impermeable films, which can readily be stripped from the protected article. There are two grades: 

a) Strippable hot dip coating consists of ethyl cellulose, small amounts of mineral oil together with plasticizers, resins and stabilizers. 

b) Strippable coating, scold applied - consists of protectives, for example vinyl copolymer resins, plasticizers and stabilizers in flammable or non-flammable solvents. It is applied by dipping, spraying, or brushing. 
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FORMAT FOR SENDING COMMENTS ON BIS DOCUMENTS


(Please use A4 size sheet of paper only and type within fields indicated. Comments on each clauses/sub-clauses/table/fig. etc be started on a fresh box. Information in Column 4 should include reasons for the comments and suggestions for modified wording of the clauses when the existing text is found not acceptable. Adherence to this format facilitates Secretariat’s work)


Doc. No.: IS : 8221 CODE OF PRACTICE FOR CORROSION PREVENTION OF METALS AND METAL COMPONENTS IN PACKAGES

NAME OF THE COMMENTATOR/ORGANIZATION: Dr.Buddhadeb Duari,/Lalita Infraprojects Pvt Ltd

		Sl.


No.




		Clause/Sub clause/


para/table/fig.


No. commented




		Commentator/


Organization/


Abbreviation




		Type of Comments


(General/Editorial/


Technical)




		Justification




		Proposed


change






		1

		(Page 6 Clause 4)

		B.Duari

		Technical

		It is very essential and hence needs to be included.

		Add * After clause 4 before 4.1



		2

		(Page 7 Clause 5)

		B.Duari

		Technical

		It is very essential and hence needs to be included.

		Add ** After clause 5 before 5.1





*


CPCs could be used more widely in a temporary capacity to provide an extra layer of protection in these areas where the original protective coating has degraded.


There is large range of CPCs that are commercially available.


i) Water displacing soft film


ii) Non water displacing soft film


iii) Water displacing hard film


iv) Non water displacing hard film


These are basically


i) Oil, grease or resin based film  


ii) A volatite, low surface tension carrier solvent


iii) Non volatile hydrophobic additive


iv) Various corrosion inhibitors or surface active agents


The water displacing CPCs act by spreading across surfaces, into cracks & crevices where they displace any moisture present, leaving behind a residue to act as a further barrier after carrier solvent has evaporated. The hard film CPCs dry to a waxy or hard resin like finish after application & provide a barrier film to corrosive environments.


Water displacing soft film (WDSF)


LPS-2


CRC 3-36


CRC protector 100


Mobilarma 245


WD-40


Boeshield T-9


Ardrox 3961


Ardrox 3107


Water displacing hard film (WDHF)


AV-8


Non water displacing soft film (NWDSF)


Fluid film NAS


LPS-3 heavy duty inhibitor


Non water displacing hard film


Dinol AV-30


Zipchem ZC-029


Dinol AV-40


LPS procynon


**


Several new techniques have recently been introduced in order to analyze the corrosion of metals covered by then film or by absorbed electrolyte layers. During wet/dry transitions, the corrosion potential & corrosion rate are measured without touching surface.


The kinetics of metal dissolution & oxygen reduction are analyzed in bulk electrolytes as well as below very thin electrolyte layers. The corrosion rate & the chemical composition of the inhibitor covered surface are determined under non-condensing reaction conditions where the surface is covered by monolayers of water only. It is found that rate of anodic & cathodic reactions of the corrosion process is markedly altered by the thickness of electrolyte layer. Due to the presence of inhibitor, the surface is passivated, but stable passivity is observed only for very thin electrolyte.


The inhibitor efficiency, therefore cannot be deduced from conventional electrochemical experiments in bulk electrolytes but only from studies on a metal surface which is covered by thin layer or abserved electrolyte.
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FOREWORD

(Formal clause will be added to be later)

This standard was Originally published in 1976. This revision has been brought out to bring the standard in the latest style and format of the Indian Standards. 

Metallic parts enclosed in packages often corrode during transit and storage. Moisture and reactive vapors given off by packaging materials, adhesives, paints, varnishes and similar materials readily reach concentration high enough to permit reaction with metal surfaces causing corrosion.

Unless a proper selection of the packaging materials is made and other protective measures are adopted, corrosion will occur during transit and storage of metals and metallic components. This code deals with the methods for prevention of corrosion inside packages.

In the preparation of this standard assistance has been derived from the following:

IS : 6049-1971 Code of practice for application of temporary corrosion preventives

BS 1133 : Section 6 : 1966 Packaging code, Section 6 : Temporary protection of metal surfaces against corrosion (during transport and storage )	Comment by MTD: Cant refer 

DEF-1234 General requirements for packaging supplies for the services. Ministry of Defence, UK

Assistance has also been taken from published information on the work carried out at Defence Research Laboratory (Materials), Kanpur.	Comment by MTD: What exactly?


For the purpose of deciding whether a particular requirement of this standard is complied with, the final value, observed or calculated, expressing the result of a test or analysis, shall be rounded off in accordance with IS 2 : 2022. ‘Rules for rounding off numerical values (second revision)’. The number of significant places retained in the rounded off value should be the same as that of the specified value in this standard.


Draft Indian Standard

CORROSION PREVENTION OF METALS AND METAL COMPONENTS IN PACKAGES ― CODE OF PRACTICE

(First Revision of IS 8221)



1 SCOPE

This standard describes the various factors responsible for causing corrosion of metals and metallic components inside packages and measures that may be adopted for its prevention.

2 REFERENCE

The following Indian Standards contain provisions, which through reference in this text, constitute provisions of this standard.  At the time of publication, the editions indicated were valid.  All standards are subject to revision and parties to agreements based on this standard are encouraged to investigate the possibility of applying the most recent editions of the standards indicated in given below:

		IS

		Title



		IS  507 : 1993

		General purpose grease for defence applications - Specification (Third Revision)



		IS  958 : 2020

		Temporary Corrosion Preventives, Grease Type, Soft Film ―  Specification ( Third Revision )



		IS  1154 : 2022

		Temporary Corrosion Preventive Fluid, Soft Film, Solvent Deposited, Water Displacing - Specification (second revision)



		IS  1141 : 1993

		Seasoning of timber - Code of practice (Second Revision)



		IS  1353 (Part 1) : 2018

		Method of test for coal carbonization ― Determination of the crucible swelling number (Second Revision)



		IS  1353 (Part 2) : 2018

		Method of test for coal carbonization ― Determination of caking power - Gray - King coke test (Second Revision)



		IS  1353 (Part 3) : 2022

		Method of test for coal carbonization ― Determination of caking index



		IS  1503 : 1988

		wooden packing cases



		IS  1674 : 	Comment by MTD: Superseded by IS 1154


IS 1154 : 2020

		Withdrawn

Temporary Corrosion Preventive Fluid, Soft Film, Solvent Deposited, Water Displacing - Specification



		IS  3401 : 1992

		Silica gel - Specification (Third Revision)



		IS  5730 : 1970

		Specification for volatile corrosion inhibitor powder



		IS  5741 : 	Comment by MTD: Superseded by IS 15557 : 2005

		Withdrawn



		IS 15557 : 2005

		Methods for preparation of buffer solutions and methods for determination of pH



		IS  6048

		Withdrawn



		IS  6049 : 1971

		Code of practice for application of temporary corrosion preventives



		IS 6050 : 1971

		Specification for temporary corrosion preventives, strippable, hot dipping type



		IS  6263 : 2018

		Volatile corrosion inhibitor (VCI) treated paper - Specification (First Revision)



		IS  6662 : 1993

		Timber species suitable for wooden packaging - Specification (Second Revision)







SECTION I GENERAL

3 FACTORS WHICH PROMOTE CORROSION

3.1 Moisture

Under normal conditions severe corrosion of metals occurs when the relative humidity of the atmosphere is over the critical limit, that is, 70 percent RH. Use of unseasoned timber containing a large proportion of water, which may be even more than 100 percent of its dry weight, and partly seasoned timber gives rise to various problems when metallic equipment are packed in these wooden boxes or crates due to release of water vapour (moisture) and organic acid vapours from wood (see 3.2). In tropical storage, increased humidity and high temperatures accelerate the rate of corrosion. Properly dried wood (moisture content 12 percent, Max) does not contribute to or promote corrosion. But due to hygroscopic nature of wood, moisture pick-up takes place when wooden boxes are moved from a place of lower humidity to a place of higher humidity. Iron and steel start corroding when RH goes beyond 70 percent. At 50 percent to 60 percent RH (corresponding to 10 to 11 percent moisture in wood) in the absence of pollutants corrosion does not take place at ordinary temperature. It has been found that in any confined space, such as in a wooden box, 80 percent relative humidity may occur at 15 °C, 25 °C, 40 °C and 70 °C if wood has 20 percent, 18 percent, 16 percent and 12 to 14 percent moisture content respectively. These conditions cause severe corrosion of metals particularly in tropics. The humidity also increases if inadequately dried cushioning materials or other water absorbent materials are used inside packages.

3.2 Corrosive vapours 

Corrosive vapours are emitted by unseasoned timber and certain species of timber even in seasoned state, plastics, paints, varnishes and insulating compositions. The increased temperatures in tropical climates raise vapour pressure of volatile materials, increase their rates of diffusion through pores in barrier wraps and subsequently into the packages and thus, ultimately increase the rate of corrosion.

3.2.1 Corrosive Vapours from Timber 

Large quantities of free acetic acid are liberated by unseasoned timber. Certain species of timber, such as kail, chir, deodar, fir, sal, mulberry and gurjan, although well-seasoned, liberate organic acid vapours such as formic and acetic acid vapours under hot and humid conditions. In an enclosed space inside packages accumulation of acid vapours takes place, which in conjunction with moisture, causes severe corrosion to packed metallic items. It may not be possible to make any arbitrary classification of wood as safe and dangerous, because it would entirely depend upon the environmental conditions to which they are subjected and relative susceptibility of metals towards different species of timber. However, timbers which contain resin canals or gum ducts are more corrosive irrespective of whether they are porous or non-porous, for example, kail, deodar, fir, sal, mulberry, gurjan and chir. Timbers without resin canals or gum ducts are less corrosive, for example, sisso, mango, poon, kokko, chikrassy, bijasal, teak and semul. A strongly acid wood (pH less than 4.0) is potentially dangerous whereas a less acidic or neutral wood (pH more than 5.0) is likely to be relatively safe.

3.2.2 Corrosive Vapours from Other Materials 

Corrosive vapours are liberated from incorrectly cured plastics, such as phenol formaldehyde, insulating tapes, paints, varnishes, glues, adhesives, etc. Propionic and butyric acids liberated from paints are highly volatile and corrosive. Vapour phase inhibitors which are used for prevention of corrosion of ferrous metals may cause corrosion of non-ferrous metals. 

3.3 Corrosive Action of Electrolytes 

Paper wraps, electrical insulating tapes, cartons, cushioning and other packaging materials generally contain electrolytes (salts) as impurities. Water soluble chlorides and water soluble sulphates present in these induce severe corrosion unless their concentrations are kept below permissible limits (0.02 percent for chlorides and 0.12 percent for sulphates). Coir fibre used as cushioning material should not contain more than 0.02 percent chlorides expressed as water soluble sodium chloride. Although natural coir does not contain any chlorides, it may pick up contamination while it is being processed by retting in sea water, as is common in commercial practice. It remains contaminated unless it is subsequently washed with sweet water. Chloride contaminated coir readily absorbs moisture and, if such coir is used for packaging of metallic stores, it may promote corrosion.



SECTION II PREVENTIVE METHODS

4 SURFACE PREPARATION 

4.1 Surface preparation is the most important precondition for adoption of any method of corrosion prevention, as application of even the best preservative loses much of its value unless the metallic surface is thoroughly cleaned of all impurities. One or more of the various contaminants such as: 

a) Dirt and dust;

b) Greases and oils; 

c) Sweat residues from handling;

d) Metallic residues (swarf) from machining; 

e) Scale, rust and other corrosion products; and

f) Moisture; 

are likely to be present on the surface. These shall be removed before application of any corrosion preventive. 

4.2 For methods of degreasing, derusting and drying of stores, reference may be made to IS  6049. 

4.3 After cleaning, the items should be given appropriate protective treatment. 

5 TEMPORARY CORROSION PREVENTIVES 

5.1 Corrosion Prevention Compounds (CPCs) could be used more widely in a temporary capacity to provide an extra layer of protection in these areas where the original protective coating has degraded.

There is large range of CPCs that are commercially available. Typical categories of CPCs is given below:

a) Water displacing soft film (WDSF)

b) Non water displacing soft film (NWDSF)

c) Water displacing hard film (WDHF)

d) Non water displacing hard film (NWDHF)

These are basically

a) Oil, grease or resin based film  

b) A volatile, low surface tension carrier solvent

c) Nonvolatile hydrophobic additive

d) Various corrosion inhibitors or surface active agents

The water displacing CPCs act by spreading across surfaces, into cracks & crevices where they displace any moisture present, leaving behind a residue to act as a further barrier after carrier solvent has evaporated. The hard film CPCs dry to a waxy or hard resin like finish after application & provide a barrier film to corrosive environments.

Examples of CPCs available in the market are as follows:

a) Water displacing soft film (WDSF)

i) LPS-2

ii) CRC 3-36

iii) CRC protector 100

iv) Mobilarma 245

v) WD-40

vi) Boeshield T-9

vii) Ardrox 3961

viii) Ardrox 3107

b) Water displacing hard film (WDHF)

i) AV-8

c) Non-water displacing soft film (NWDSF)

i) Fluid film NAS

ii) LPS-3 heavy duty inhibitor

d) Non-water displacing hard film (NWDHF)

i) Dinol AV-30

ii) Zipchem ZC-029

iii) Dinol AV-40

iv) LPS procynon

5.2 These materials afford protection from corrosion to metal surfaces during transit and storage. The advantages of using these preservatives are that they are easily removable and the articles may be taken into use without much difficulty. In some cases, even the removal of the preservative may not be necessary. These may be classified into the following groups according to the type of film formed. 

5.2.1 Group I 

Fluid hard film, solvent deposited (see IS 1353). On application this leaves a thin hard film which does not get easily removed by abrasion, but may be removed when required by means of petroleum solvents, such as white spirit and kerosene. Under indoor conditions protection given by this preservative varies from one to two years. 

5.2.2 Group II (a) 

Thick soft film, for example, greases (see IS 507, IS 958 and IS 6048), mineral jelly and beeswax mixture (90 : 10), and lead stearate and castor oil grease ( for metal components containing rubber ). On application these form a thick waxy or greasy film. Except for grease all others are to be melted by controlled heat not exceeding 100 °C for easy application. The treated stores when properly wrapped and kept indoors remain protected against corrosion for about two years	Comment by MTD: Withdrawn. Identify alternate standard. May be IS 1154 will suffice the purpose

5.2.3 Group II (b)

Thin soft film, for example, soft film solvent deposited (see IS 1674) and for soft film solvent deposited, water displacing (see IS 1154). On application these leave a thin soft film which is thicker than oil film. Under indoor conditions protection given by the former varies from six months to one year and by the latter for a few months only. 	Comment by MTD: Withdrawn. Superseded by IS 1154 : 2022 . Study whether relevant clause present in that standard


5.2.4 Group III

Oil type film, inhibited or uninhibited mineral oil depending on the duration of protection required. Under indoor conditions this gives a protection for a few months only. 

5.3 The methods of application of the above preservatives and some examples of stores for which these are suitable are given in Table 1. Reference should also be made to IS 6049. 

5.4 Copper, brass, aluminium, zinc, etc, due to their intrinsic nature possess natural protective coating and, therefore, do not require any additional protective coating under normal conditions of exposure, If, however, these are exposed to aggressive conditions requiring them to be protected, Group I and Group II (a) preservatives mentioned in 5.2 may be considered for use. 
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Table 1 Temporary Corrosion Preventives and Their Uses

(Clause 5.3 and 10.1)



		Sl No.

		Type of Protective film formed

		Name of Preservative

		Method of Application

		Removal

		Suitable for

		Not Suitable for

		Wrapping



		(1) 

		(2) 

		(3) 

		(4) 

		(5) 

		(6) 

		(7) 

		(8) 



		i. 

		Group I Thin and hard film

		Fluid hard film solvent deposited (IS 1153 )

		Dip, brush, spray at room temperature

		Complete removal may be necessary. May be removed with the help of kerosene or white spirit preferably aided by brushing

		Items which are not plated or highly finished or do not moving parts, hand tools, etc

		Inaccessible interior surfaces; parts with parallel surfaces coming into contact with each other; parts containing rubber

		Wrapping should be doner after the film has dried. Individual wrapping is not essential except for sharp edges, pointed ends or delicate parts



		ii. 

		Group II (a) Thick soft film

		a) Soft film, hot-dip type (IS 6084 )

b) Mineral jelly and beeswax mixture (90 : 10)

c) Grease

d) Lead stearate and caster oil grease

		(a), (b) and (d) hot-dip in molten material or brush; (c) brushed or smeared. Should not be heated nor diluted for application

		Complete removal not essential. Removal by solvent like kerosene. Solvent immersion not to be used for grease filled items or for items containing rubber. Removal also by dipping in hot mineral oil

		(a) and (b) for stores having moving parts, plated items, threaded parts, ball and roller bearings, plain bearings inserter, pistons, oil seals (without rubber attachment), (c) as in (a) and (b) above when dipping is not possible, (d) used for metal components containing rubber

		(a), (b) and (c) not suitable for assemblies containing light working parts, assemblies containing leather washers if a dip in preservative for more than one minutes is necessary

		Treated stores should be wrapped with grease resisting paper, or oiled paper after these have cooled down and eh preservative coating has set



		iii. 

		Group II(b) Thin soft film

		a) Fluid, soft film, solvent deposited (IS 1674 )	Comment by MTD: Withdrawn. Superseded by IS 1154 : 2022. Study whether relevant clause present in that standard



b) Fluid, soft film solvent deposited, water displacing (IS 1154 )

		(a) and (b) dip, brush, spray or flush

		(a)and (b) not necessary

		Plated items, delicate parts, sharp and pointed instruments, surgical instruments, gives protection for a short duration. Mainly used to remove water from wet surfaces specially of intricate mechanism and to leave a protective film till a more appropriate preservative is applied

		(a)and (b) for parts containing rubber

		Treated stores should be wrapped with paper grease resisting or oiled paper



		iv. 

		Group III Oil type film

		(a) Oil engine preservative SAE 30

(b) Neat or inhibited mineral oil having pour point below -20 °C

		(a)and (b) dip flow or flushing

		(a)and (b) not necessary

		(a)Suitable  when temperature is above 0 °C but not below -20 °C. Instruments and very small bolts, nuts, washers internal surface of containers

		Exposed parts or assemblies

		In paper, grease resisting or oiled paper except for containers internally treated












6 PREVENTION OF CORROSION OF FERROUS ITEMS BY USE OF VOLATILE CORROSION INHIBITORS (VCI) 

6.1 Several new techniques have recently been introduced in order to analyze the corrosion of metals covered by then film or by absorbed electrolyte layers. During wet/dry transitions, the corrosion potential & corrosion rate are measured without touching surface.

The kinetics of metal dissolution & oxygen reduction are analyzed in bulk electrolytes as well as below very thin electrolyte layers. The corrosion rate & the chemical composition of the inhibitor covered surface are determined under non-condensing reaction conditions where the surface is covered by monolayers of water only. It is found that rate of anodic & cathodic reactions of the corrosion process is markedly altered by the thickness of electrolyte layer. Due to the presence of inhibitor, the surface is passivated, but stable passivity is observed only for very thin electrolyte.

The inhibitor efficiency, therefore cannot be deduced from conventional electrochemical experiments in bulk electrolytes but only from studies on a metal surface which is covered by thin layer or abserved electrolyte.

6.2 These are also known as vapour phase inhibitors (VPI). These are volatile chemicals, the vapours of which in an enclosed system protect ferrous articles against corrosion even when the relative humidity exceeds the critical limit. These are easy to apply and may be easily removed when required or need not be removed at all. These are available in a powder form or coated paper (see IS 5730 and IS 6263). The powder may be sprinkled or be placed in perforated containers at suitable places so that the inhibitor vapour may reach even the inaccessible parts/surfaces. Polyethylene coated VCI paper may also be used to retain the effect for a long period (two to three years). The articles may be wrapped with the VCI/VPI coated paper and suitably sealed by adhesive tape or wax dipped to retain the vapour for long period which may go up to three to four years. Before using these chemicals, it shall be ensured that the parts are scrupulously cleaned from all impurities. The present VCI or VP1 may be used only for ferrous articles. Adverse effects on some non-ferrous metals should be taken into account in the application on VCI or VPI. 

7 PROTECTIVE/COATING OF NON-METALLIC NATURE 

7.1 Paint Coating 

Paints afford very good protection which is next to metallic coatings. Wherever permissible the surface should be protected by application of a suitable paint. Before application of paint the surface should be properly prepared. 

7.2 Strippable Coatings 

Basically these contain ethyl cellulose or similar plastic compound with some lubricating oil (see IS 6050). For application these are melted in a thermostatically controlled electric bath at a temperature recommended by the manufacturers. Articles cleaned from all impurities are given a dip in the molten material and taken out slowly without giving a jerk so as to leave a uniform coating on the surface. On cooling a plastic coating sets on the surface and gives protection against corrosion and abrasion for about two to three years. The great advantage of using these materials is that the coating may be easily peeled off from the surface when not required and the scraped film may be melted and reused. For satisfactory protection it shall be ensured that the article has been scrupulously cleaned from all impurities before giving the plastic coating. 

8 PREVENTION OF CORROSION BY CONTROL OF RELATIVE HUMIDITY 

8.1 Corrosion to a very great extent may be prevented by reducing moisture content inside packages by use of: 

a) well-seasoned timber, 

b) dry cushioning material, and 

c) by use of desiccating material. 

Wherever possible, especially when the store has not been or may not be protected with any other material, a desiccating material such as silica gel (see IS 3401) should he used inside packages. The aim is to keep relative humidity less than 50 percent. The desiccant used would be rendered ineffective unless the packing is immediately made airtight and well-sealed as recommended in 10.1 (Method II).

8.2 Before use it should be ensured that the desiccant is in active condition. The condition of silica gel may be ascertained with the help of an indicator (namely, cobalt chloride). When active, the silica gel granules stained with cobalt chloride appear blue and as it absorbs moisture the colour gradually changes to pink indicating that it has become spent or exhausted. As soon as the pink colour is noticed it should be replaced by fresh silica gel. The exhausted silica gel may be reused after reactivating by heating in an oven (see Annex A for method of reactivation).

8.3 To simplify both handling and calculation, desiccants are supplied commercially in sacklets or canisters containing definite units of basic desiccant. One unit of a desiccant is defined as a material that will absorb 27 percent of its dry weight of moisture when placed in an atmosphere kept at 50 percent RH at 25 °C. Thus 226.5 g of a desiccant having half this absorptive capacity will constitute a 113.25 g quantity of basic desiccant. For practical purpose the following formulae are used: 

For tropical storage in flexible barrier packs 	

For hermetically sealed packages 	

where 

w = mass in g of basic desiccant; 

a = area of the water vapour barrier in m2; 

R = water vapour transmission rate of the barrier in g/m2 in 24 hours measured at 90 percent RH differential and 38 °C; 

M = maximum time; 

d = mass in g of hygroscopic blocking, cushioning, packing and similar materials inside the barrier; and 

v = volume in dm3 of air inside the barrier. 

9 PACKAGING 

9.1 Packaging is an integral part of preservation. It not only enhances the life of preservative, but also gives protection against climatic and physical hazards such as impacts, vibration, drops and compression. The various stages of packaging after cleaning and preservation are inner wrap or primary packaging, unit and intermediate containers, cushioning, outer or bulk containers, strapping identification and marking. 

9.2 While selecting packaging materials the following points shall be taken into consideration.

9.2.1 Wrapping paper shall be compatible with type of preservative applied. For example stores treated with hard film type preservative should be wrapped with waxed or kraft paper and those treated with soft film type preservative with grease-resisting paper, oiled paper, polyethylene film or foil laminate. 

9.2.2 Wrapping and cushioning materials and cartons should be dry and should have chloride and sulphate contents below 0.02 percent and 0.12 percent respectively.

9.2.3 In selecting timber for packing cases preference should be given to timbers which induce low to medium corrosion rather than those inducing medium to high corrosion. Sisso, mango, poon, kokko, chikrassy, bijasal and simul fall in the first group and kail, chir, mulberry and gurjan in the second group. 

9.2.3.1 The moisture content of timber shall not exceed 12 percent (see IS 6662, IS 1503 and IS 1141). The pH value of the water extract of timber shall be not less than 5 when determined in accordance with the method given in Annex B. 

9.3 Use of Waterproof Paper or Polyethylene Liner Inside Packing Cases 

An inner lining of bituminized paper or polyethylene (15 micron) is very effective in preventing ingress of moisture and corrosive vapours into the wooden cases. This prevents corrosion of packed items. 

9.4 Treatment of Felt Pad/Linings Inside Packing Cases with Corrosion Inhibitors  

Corrosion often occurs in steel surfaces which remain in direct contact with felt pad/lining used inside packing boxes or containers. This may be prevented by immersion in aqueous solution of either 10 percent sodium benzoate or 10 percent urea and sodium nitrite mixture ( 1 : 1 ) for 5 minutes followed by drying. 

10 CLASSIFICATION OF PRIMARY PACKAGING METHODS 

10.1 The inner wraps or primary packaging methods are classified in the following categories depending on climatic considerations. 

10.1.1 Method O

This method is applicable for those items which by nature of their construction and composition are immune to the damaging effects of water, water-vapour, fumes, atmospheric gases and fungus growth. Such stores do not require to be treated with a temporary corrosion preventive or waterproof barrier wrapping. 

10.1.2 Method I

In this method the item is coated with an appropriate temporary corrosion preventive (see Table 1) and wrapped with waxed, kraft paper, grease resisting paper or foil laminate. 

10.1.3 Method IA 

In this method the item, depending on its nature, may or may not be treated with a temporary corrosion preventive, but it shall be enclosed in a water-vapourproof barrier. The item may be packed in carton and dip-sealed in dip sealing compound or sealed in metallic container or heat-sealable foil bags. 

10.1.4 Method IC

In this method the item may or may not be treated with a temporary corrosion preventive. It is packed in cardboard carton sealed with adhesive tape or heat-sealed in polyethylene-coated bag. The pack is waterproof but not water-vapourproof as in 10.1.3.

10.1.5 Method II

In this method the item is enclosed in a water-vapourproof barrier along with a desiccant and sealed. The barrier may be wax-coated carton or rigid box with a covering of polyethylene film or foil laminate bags or metal containers. The relative humidity inside the enclosure is maintained at 20 percent by using a desiccant such as silica gel and should not be allowed to exceed 50 percent RH for a period of one and a half years to two years. The date of preservation shall be marked on the outer container. Also on the outer container the words ‘Method II Pack - Do not open until required for use’ shall be written in large letters (see 8.3 for method of calculating the amount of desiccant required for a pack). 

10.2 The methods of packaging given in 10.1.1 to 10.1.5 are sub-divided into the following methods. 

10.2.1 Method O Packages 

i) Supplies loose or in bundles. 

ii) Supplies loose or in bundles, with protection against physical damage by cushioning.

iii) Small items wrapped separately or if appropriate, collectively in the primary packaged    quantity in waxed paper wrapping.



10.2.2 Method I Packages 

i) Metallic items protected with Group I protective solvent deposited thin hard film, wrapped and enclosed in primary container. Any excess space filled with waxed wrapping paper which has been crumpled by hand. 

ii) Metallic items protected with Group II (a) protective thick soft film, for example, 90 : 10 mineral jelly and beeswax mixture, wrapped with grease-resisting paper or PVC film and flexible unsupported PVC sheeting and enclosed in a primary container.

iii) Metallic items protected with grease, wrapped and enclosed in primary container as given in ii above. 

iv) Metallic items protected with oil film type preservative, wrapped and enclosed in a primary container as given in ii above.

v) Metallic component containing rubber protected with castor oil lead stearate grease, wrapped and enclosed in primary container as given in ii above.

vi) Metallic items protected with strippable: coating and enclosed in a primary container. 

10.2.3 Method IA Packages 

i) Metallic items or assemblies protected with fluid soft film, solvent deposited, wrapped and packed in a carton or rigid box with a covering of foil, metal laminated sheet or polyethylene film. 

ii) Unpreserved items or assemblies packed in a carton or rigid box with a covering of foil, metal laminated sheet or polyethylene film. 

iii) Metallic items or assemblies protected with fluid soft film, solvent deposited, wrapped, packed in a carton or rigid box with a covering of waxed kraft paper and wax dipped. 

iv) Metallic items or assemblies protected with fluid soft film, solvent deposited, wrapped and packed in aluminium container. 

v) Unpreserved items or assemblies wrapped, and packed in aluminium container.

vi) Metallic items or assemblies protected with fluid soft film, solvent deposited, wrapped in waxed grease-resisting mouldable wrapping and wax coated. 

vii) Metallic items or assemblies protected with fluid soft film, solvent deposited, enclosed in a polyethylene film or metal foil laminated floating bag and packed in a primary container. 

viii) As given in vii above with no preservative to the surfaces. 

10.2.4 Method IC Packages 

i) Metallic items or assemblies protected with fluid soft film, solvent deposited, wrapped as given in 10.2.2(ii) and enclosed in waterproof barrier incorporated inside the primary container. 

ii) Metallic items or assemblies protected with fluid soft film, solvent deposited, wrapped as in 10.2.2(ii) and enclosed in waterproof barrier applied outside the primary container. If polyethylene film is used for waterproof flexible barrier each primary package shall be overwrapped with kraft commercial quality paper. The ears shall be secured with gummed kraft paper tape. 

iii) Unpreserved items wrapped in waxed wrapping paper and enclosed in waterproof barrier. 

iv) Unpreserved items enclosed in polyethylene bag or envelope. 

10.2.5 Method II Packages 

i) Items wrapped and packed with-desiccant in a wrapped and wax coated carton or rigid box. 

ii) Items wrapped and packed with desiccant in a carton or rigid box with a covering of polyethylene film. 

iii) Items wrapped and packed with desiccant in a carton or rigid box with a covering of foil, metal laminated sheet. 

iv) Items packed with desiccant in a cylindrical seamless aluminium container. 

v) Items packed with desiccant in a water-vapour resisting bag or envelope. 

vi) Items packed with desiccant into a floating bag inside a container. 

vii) Items packed with desiccant into an inner container with a covering of metal foil laminated sheet and packed into an outer container. The metal foil laminate shall be overwrapped with imitation kraft paper (49 g/m2) of commercial quality. The ears shall be secured with gummed kraft paper tape. The primary container shall be packed, if necessary, in an outer container.




ANNEX A

(Clause 7.2)

REACTIVATION OF SILICA GEL



A-l The action of silica gel is purely a physical one in that it absorbs moisture on its sensitive surface. These sensitive surfaces may of course be poisoned and lose activity if the silica gel is allowed to come in contact with oil, grease, petrol, etc, and in this case it is better to throw away the poisoned silica gel than to try to revive it. 

A-2 Silica gel will be reactivated as and when necessary in order to perform the efficient desiccation of equipment. 

A-3 Silica gel gives up absorbed moisture quite easily when heated to a temperature of 150 °C to 205 °C and may be reactivated at this temperature after two to three hours, depending on the quantity to be reactivated and its age and condition. 

A-4 Silica gel without an indicator is opal white in colour. When the indicator is incorporated, namely, stained with cobalt chloride solution, the granules are coloured. They will appear deep blue when the silica gel is fully active and turn pink when the silica gel is saturated with moisture. The silica gel with indicator contains five percent granules stained with the indicator and the rest white. 

A-5 During the reactivation of silica gel it should be removed (where possible) from capsules, bags, containers or desiccators that it is packed in and spread on clean metal trays or tins in layers 1 to 2 cm deep. Thicker layers are not recommended as silica gel is a very poor conductor of heat, and in spite of heating during reactivation it is possible for layers of granules not to be fully reactivated. 

A-6 After reactivation, and before the silica gel cools, it should be placed in clean airtight containers, tins or jars, that have tightly fitting lids, in order to prevent it picking up moisture from the atmosphere. 

A-7 Powdered silica gel is of little use as a desiccant and should not be employed. Charred silica gel loses some of its efficiency as a drying agent and should be replaced as and when possible. 

A-8. During heating the silica gel may occasionally pop and crackle and some of the granules may become discoloured. These signs are due to impurities in the silica gel and little notice should be taken of them. 

A-9 The ideal method is an electric oven fitted with a temperature control in which layers of silica gel are placed on trays to a depth of 1 to 1.5 cm, the oven is then switched on and regulated to a temperature of 176 °C. The gel is heated for a period of 2 to 3 h, the layers being stirred every half an hour until its moisture content has come down to 7 percent.






ANNEX B

(Clause 8.2.3.1)

DETERMINATION OF pH VALUE OF TIMBER



B-l Take a small sample of 2g of powdered timber (the powdered timber having been obtained by means of filing with a carpenter’s file and brought to constant mass by keeping it in an oven at 40 °C), add 50 ml of boiling double distilled water and stir thoroughly. Allow to stand for half an hour, and bring down the temperature to room temperature by rapid cooling. Determine the pH value in accordance with 5.4 of IS 5741.	Comment by MTD: Withdrawn. Superseded by IS 15557 : 2005. Study whether relevant clause is present. Also identify which clause is relevant for pH value determination of timber
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		Mr. Rajeev R Kandhari – M/s Galbro Ispat Galvanizers Pvt Ltd.
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		6.3.3

		Protective coatings on reinforcements

		Addition / introduction of HDG coating

		6.3.4 Zinc coatings through hot dip galvanizing of Reinforcement bars (Metallic coating) – Ref code IS 12594- RA 2010



		Zinc coating through Hot dip galvanizing process as per IS 12594- 1988 RA 2010 is one of the most reliable and a followed practice for preventing corrosion and increasing the service life of reinforcements in the structures. The use of galvanized bars is justified both technically and economically in highly corrosive areas, such as coastal belts & areas suffering from industrial pollution. Hot dip galvanizing of reinforcement bars ensures equal or better bond strength of rebars in concrete resulting in reducing lap lengths and corresponding wastage of steel resource in RCC. Hot dip galvanizing also exhibits corrosion resistance to pH levels between 6.5 to 12.5.  
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		Mr. Rajeev R Kandhari – M/s Galbro Ispat Galvanizers Pvt Ltd.
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		6.3.3

		Protective coatings on reinforcements

		Addition / introduction of HDG coating

		6.3.4 Zinc coatings through hot dip galvanizing of Reinforcement bars (Metallic coating) – Ref code IS 12594- RA 2010



		Zinc coating through Hot dip galvanizing process as per IS 12594- 1988 RA 2010 is one of the most reliable and a followed practice for preventing corrosion and increasing the service life of reinforcements in the structures and providing abrasive strength & cathodic protection. The use of galvanized bars is justified both technically and economically in highly corrosive areas, such as coastal belts & areas suffering from industrial pollution, etc. Hot dip galvanizing of reinforcement bars ensures equal or better bond strength of rebars in concrete resulting in reducing lap lengths and corresponding wastage of steel resource in RCC. Hot dip galvanizing also exhibits corrosion resistance to pH levels between 6 to 12.5.  
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		Pg 7

		5.1.A

		Water in RCC

		5. Factor influencing corrosion of reinforcement 

		Use & impact of water in concrete & requirements as per IS 456 - 2014 

		Concrete is micro porous and susceptible to ingression of gases, compounds and other liquids including water, which is an important element that ascertains proper compaction of concrete. 

Water in RCC
 :

Types of water in RCC: 

a) Capillary water : a) Capillary water : untreated or non-potable water with impurities may seep into the micro porous concrete in form of  moisture through capillary movement, and can become the cause of corrosion to the embedded rebars during curing phase. 


b) Free Ground water : In case of RCC in high water table areas, the ground water comes directly in contact with embedded RCC, corrosion in this case may also be caused if water quality is not potable. 


Therefore, it is imperative to monitor the water table or external source of water used in RCC for its potability & pH levels. This will ascertain prevention of considerable levels of corrosion inducing elements in RCC through water and soils retaining water.   


Water used for mixing, and curing shall be clean and free from injurious amounts of oils, acids, alkalis, salts, sugar, organic materials or other substances that may deleterious to concrete or steel. 


Potable water is generally considered satisfactory for mixing concrete. As a guide the following concentrations represent the maximum permissible values: 


   a) To neutralize 100 ml sample of water, use phenolphthalein as an indicator, it should not require more than 5 ml of 0.02 normal NaOH. The details of test are given in 8.1 of IS 3025 (Part 22). 


   b) To neutralize 100 ml sample of water, using mixed indicator, it should not require more than 25 ml of 0.02 normal H2SO4. The details of test shall be as given in 8 of IS 3025 (Part 23). 


   c) Permissible limits for solids shall be as given in Table 1. 


1. In case of doubt regarding development of strength. the suitability of water for making concrete shall be ascertained by the compressive strength and initial setting time tests specified in 1.1 and 1.3 of IS 456. 


1.1 The sample of water taken for testing, shall represent the water proposed to be used for concreting, due account being paid to seasonal variation. The sample shall not receive any treatment before testing, other than that envisaged in the regular supply of water proposed for use in concrete. The sample shall be stored in a clean container previously rinsed out with similar water. 


1.2 Average 28 days compressive strength of at least three 150 mm concrete cubes prepared with water proposed to be used shall not be less than 90 percent of the average of strength of three similar concrete cubes prepared with distilled water, The cubes shall be prepared, cured and tested in accordance with the requirements of IS 516. 


1.3 The initial setting time of test block made with the appropriate cement and the water proposed to be used shall not be less than 30 min and shall not differ by ± 30min from the initial setting time of control test block prepared with the same cement and distilled water. The test blocks shall be prepared and tested in accordance with requirements of IS 4031 (part 5).


2. The pH value of water shall not be less than 6.


3. Sea Water:

Mixing or curing, of concrete with sea water is not recommended because of presence of harmful salts in sea water. Under unavoidable Circumstances, sea water may be used for mixing or curing in plain concrete with no embedded steel after having given due consideration to possible disadvantages and precaution including use of appropriate cement system. 




		Ref : IS 456 – 2014 & AS/NZS 2041:1998 Standard for Buried Structures.





		Dr. Jayants Saha.


&


Mr. Rajeev R Kandhari – M/s Galbro Ispat Galvanizers Pvt Ltd.




		

		

		Grade of concrete

		

		

		Minimum recommended grade of ordinary concrete should be considered M25 as against use of M20 grade, further to the prescribed provisions of IS 456. This grade is recommended since concrete is microporous and corrosion of reinforcement bars due to external factors like potability of water, alkalinity of RCC itself, etc are difficult to monitor and control on site. Therefore, leading to susceptible ingress of corrosion causing materials into concrete.        




		



		Dr Jayanta Saha.




		

		

		

		

		

		Alkalinity test for concrete :  


Tests need to be carried out on concrete blocks / concrete samples from site to ascertain the required alkalinity in RCC.  

		





�Reference IS 456- 2014 & AS/NZS 2041:1998 Standard for Buried Metal Structures 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Letter IWL to BIS.pdf
Ref. - IWL/BIS/SPEC/June-22/5E

To Date: - 14" June’2022

M/s. Bureau of Indian Standards (BIS)
9, Bahadur Shah Zafar Marg,
New Delhi - 110002

Subject: - Inclusion of Prefabricated tapes based on Bitumen for
wrapping, coating of buried MS pipelines in 1S:10221: 2008
standard.

Dear Sir,

Greetings from IWL India Limited.

We, IWL India Ltd incorporated in 1988, are pioneers in the field of Construction Chemicals
manufacturing wide ranges of waterproofing polymers, prefabricated membranes,
Preformed Anti-Corrosive Tapes and Primers for buried pipelines in India. Our Bituminous
based anti-corrosive tapes have been extensively used in all major pipeline projects and

approved by all major consultants all over India.
We wish to draw your kind attention to the following points:

« Preformed tapes based on bitumen for wrapping and coating (Used worldwide including
our Country) that have not been included in IS: 10221:2008 standard however the
same was available in the Annexure B of the IS: 10221:1982 version.

e Asphalt, widely known as Bitumen in India has been removed from the above

mentioned code of 1S:10221:2008.

Bitumen is used throughout the country and is approved by various govt and private bodies
for waterproofing of structures including wrapping and coating of buried MS Pipelines. Bitumen
is 2 greener material than Coal Tar (Which is the main focus of 1S:10221:2008 standard) in
terms of manufacturing process and the impact to both environment and Humans. Bitumen
Tapes are a proven system for protection of structures against water ingress on surfaces such
as MS and Concrete as bitumen forms a barrier to prevent water ingress into the surface
along with providing excellent anti-corrosive properties. Bituminous based membranes are
widely used all over the country and they are accepted and approved in all Government Bodies

across our country.

The most commonly used preformed membrane tapes widely accepted and used worldwide
are bituminous based on account of the below mentioned advantages: -

Excellent waterproofing capacity and has complete resistance to corrosion.
Inexpensive, environmentally friendly, non-hazardous and safe.

Flawless adhesion to different surfaces.

Highly resistant to water and acids.

The application time is quick and easy.

Excellent elasticity, tensile strength, elongation properties with a very good

dimensional stabllity.
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» Provide 100% protection against water seepage into the pipelines, thus enhancing the
life and performance of the pipeline.

» The most important advantage of bituminous based tapes is the elasticity. There are
a lot of times when the pipelines move due to compaction of mud around them or
thermal expansion/contraction. This problem can easily be remedied by using the
elastic bitumen-based tapes.

» Bitumen based tapes are a one stop solution towards protection against corrosion and
excellent application towards long term and hassle-free performance with low
maintenance cost.

» Bitumen based tapes are non-carcinogenic whereas other tapes like coal tar are not.

» Ease of availability

Bituminous based membranes like APP, SBS membrane are extensively used and approved
by all Govt bodies across the country such as CPWD, PWD’s, NBCC, MES, etc. Our bituminous
membranes and tapes are supplied to several important, marque projects across the country
with several accreditations from several Govt. Prestigious Organizations like MES, BHEL,
NTPC, CPWD, NBCC, PWDs, Various water boards etc.

We have enclosed major credentials from Government Depts and Consultants where bitumen-
based membranes and tapes are already used and proven. The relevant product Technical
Data sheets, Application Methodology on the above mentioned systems are also enclosed

herewith for your kind reference.

With respect to the above submissions, we sincerely request the Bureau to consider and
approve for the following in the 1S:10221:2008 standard:

« Reinstating of Preformed Bitumen Based Tapes for Underground Wrapping and Coating
works of buried Mild Steel Pipelines and other structures.

e Reintroducing Asphalt (Bitumen) based tapes as they are very much used in the
industry and are by no means forgotten or irrelevant with respect to the line written
on Page S of the standard quoting: “Asphalt Materials have been withdrawn as they

are not being used at present”.
Thanking You,
Yours sincerely,
Sumit Kumar Pal
Head - Specification

IWL India Ltd
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Bitumen tape specification discussion 2.docx
Coating and Wrapping of Underground Mild Steel Pipelines – Specifications: Preformed Bituminous Wrapping Tapes



1. SCOPE

This standard covers the requirements for preformed bituminous wrapping tapes (hot applied and cold applied) used for exterior protection of Ductile Iron and mild steel pipelines installed under normal or average soil conditions. This tape can be applied on site as well as in factory. This standard also covers requirements for field joints and repair of previously applied bituminous tapes on pipelines.  (Usage: underground / above ground ?)	Comment by MTD: Only mild steel? Or is it used for cast iron pipeline also?
Field applied or site applied ?
Are there any exclusions – e.g. repair, field joints?	Comment by MTD: Not used for cast iron pipelines. Used for DI pipes and MS pipes. 	Comment by MTD: This tape can be applied on site as well as factory applied.  

2. REFERENCES

The following standards contain provisions, which through reference in this text, constitute provisions of this standard. At the time of the publication, the editions indicated were valid. All standards are subject to revision, and parties to agreements based on this standard arc encouraged to investigate the possibility of applying the most recent editions of the standards indicated below:

		IS No.

		Title



		IS 10221



		Code of Practice for Coating and Wrapping of Underground Mild Steel Pipelines







2. MATERIAL 

2.1 Primer 

Primer shall be made from bitumen. It shall be a liquid that can be applied without heat and shall produce an effective bond between the surface to be protected and the subsequent coating of bitumen. The primer shall not contain benzol and shall not settle in the container to form a cake that cannot be mixed easily by hand stirring. The primer shall have good spraying and brushing properties and minimum tendency to produce bubble during application. 

The primer used in conjunction with both cold and hot applied bitumen tapes shall comply to the properties given in Table 1.

TABLE 1 CHARACTERISTICS OF BITUMINOUS/ASPHALTIC PRIMER	Comment by MTD: Is this applicable to both cold and hot applied? 

		Sl No.

		Characteristic

		Requirement

		Reference Test Method



		1

		Flash Point

		23 °C, Min

		IS 101 IS 101 (Part 1/ Sec 6)	Comment by MTD: IS 101 is withdrawn and superseded by
IS 101 (Part 1/ Sec 6) Methods of sampling and test for paints, varnishes and related products: Part 1 tests on liquid paints (general and physical): Sec 6 flash point



		2

		Viscosity (Flow time at 20 °C by Method B)

		30 s to 200 s

		Annexure A	Comment by MTD: Can We refer IS 1206 (Part 1) : 2023 Methods for testing tar and bituminous materials : Part 1 - Determination of viscosity by volumetric flow rate method
At 20 °C by Method B

IS 1206 (Part 1)



		3

		Distillation:

		

		IS 1213



		

		a) Distillate, percent of total distillate to 360°C, Min

		 

		



		

		i) Up to 190°C

		35 %

		



		

		ii) Up to 225°C

		75 %

		



		

		iii) Up to 260°C

		87 %

		



		

		iv) Up to 315°C

		97 %

		



		

		b) Residue from distillations to 360 °C, volume percent (by difference)

		30 % to 45 %

		



		4

		Tests on residue from distillation

		

		



		

		a) Softening point

		71 °C to 107 °C

		IS 1205



		

		b) Penetration at 25°C/100g/5s, 10-1 mm

		2 to 25 tenths of mm	Comment by MTD: Unit? – mm?	Comment by MTD: Can we write 0.2mm – 2.5 mm

0.2 mm to 2.5 mm

		IS 1203



		

		c) Solubility in carbon tetra-chloride, 	Comment by MTD: No test method mentioned for solubility in carbon tetrachloride


d) solubility in trichloroethylene

		99 percent by weight, Min

		IS 1216







2.2 Base Membrane 

The base membrane shall be made of organic or inorganic fibres. Fibre glass or related reinforcements should shall be used as a reinforcement base membrane which shall be thin, flexible and uniformly reinforced bonded mat, composed of chemically resistant fibres, distributed in a random open porous structure, bonded together with a thermosetting resin. The physical properties of the reinforcement base membrane shall should be as given in Table 1.

TABLE 2 REQUIREMENTS FOR PHYSICAL PROPERTIES OF BASE MEMBRANE



		SI NO.

		Characteristic

		Requirement



		1

		Weight

		40 g/m2, Min



		2

		Thickness 

		0.33 mm, Min



		3

		Breaking load in the longitudinal direction 

		23.2 N/cm, Min



		4

		Tear Strength

		9 N, Min



		4

		Porosity (At air velocity of 1 m/s)

		The inner wrap shall have a porosity, when related to pressure difference across the sample of not less than 0.55 mm and not more than 1.9 mm of water gauge

0.55 mm to 1.9 mm



		5

		Temperature resistance

		Unaffected under load in of hot bitumen at 288 °C for 1 min	Comment by Microsoft account: How much load



		6

		Pliability test

		no cracking when bent over a mandrel of 3 mm radius through a 90° arc angle after immersing in water for 10 to 15 minutes.







2.3 Bitumen  

The bitumen which is used for manufacturing of this tape shall conform to IS 73. 

2.4 Film Separator 	Comment by MTD: Write few lines for 2.3, 2.4
Is it same as release liner? If yes, Only one terminology should be followed.

(Material and use)

Should the tape have a plastic film separator of the type that is not removed prior to application, the thickness of the separator shall not adversely affect the bond between overlapped sections of tape.



2.5 Release Liner

(Material and use)

2.6 Filler



3 PREFORMED TAPE 

Preformed tapes shall be manufactured using bitumen supported on a fabric of organic or inorganic fibres. depending upon the site/project requirements. Physical properties of hot applied bitumen tape The bitumen component shall comply with quality provisions properties as stated in Table 3. The cold-applied bituminous tapes should have a proper release liner to protect the adhesive side which has to be removed at the time of application. The fabric shall be thoroughly coated and completely covered on both sides with bitumen component. These tapes shall be furnished in standard widths as recommended by the manufacturer depending upon the diameter of the pipe being wrapped. The tape shall have sufficient pliability at a temperature of 25°C to unwind from the roll without disbonding the bitumen component from the fabric. 	Comment by Microsoft account: This line should be included in cold applied tape clause.
	Comment by Microsoft account: I think it is better to set the widths for variety control, we can discuss in panel meeting. 
	Comment by MTD: Will be included in dimensions clause. 
Width : 150mm, 250mm, 500mm, 1000mm
Length: 10m 
Thickness : 1.25mm, Min

Preformed bitumen tapes are of two types :

a) Hot-applied

b) Cold-applied (self adhesive)

3.1 Hot Applied Preformed Bituminous Tape

(Write lines specific to hot applied tape) 

A Hot – Applied Preformed Bituminous tape is manufactured with the materials mentioned in this standard (Clause 2). It is externally protected with a film separator which vaporises when heat is applied during the application stage. 

The physical properties of hot applied bitumen tape should shall comply with the properties given specified in Table 3. The primer to be used in conjunction with this tape should shall comply to the properties given in table 2.



TABLE 3 PHYSICAL PROPERTIES OF PREFORMED BITUMEN TAPE (Hot and Cold Applied)

		SI No.

		Property

		Requirement

		Test Method 	Comment by MTD: Mr Arham will provide the test methods 




		

		

		Min

		Max

		



		1

		Width deviation

		–5% of width or – 6 mm, whichever is smaller

		+5 %

		



		2

		Thickness

		1.25 mm	Comment by MTD: As per AWWA c209-19 
30 mil = 0.762 mm 
-5% of nominal thickness 

		-

		



		3

		Thickness deviation

		–5 % of nominal thickness

		-

		



		4

		Bitumen component melting point

		65 °C

		121 °C

		IS 1205



		5

		Penetration (25°C/100g/5sec)

		0.3 mm

		2 mm

		IS 1203



		6

		Filler percent

		20 %

		30 %

		IS 1217



		7

		Film separator thickness 

		0.25 µm

		0.50 µm

		



		8

		Release liner thickness

		

		

		



		9

		Tensile Breaking Strength (N /5 cm at 23°C)	Comment by MTD: It should be Breaking strength	Comment by MTD: Discuss 


		

		

		



		

		a) Longitudinal

		300

		-

		IS 13826 (Part 1)



		

		b) Transverse

		200

		-

		IS 13826 (Part 1)



		12

		Elongation

		

		

		



		13

		Adhesion to Primed Steel

		2.2 N/mm width

		-

		



		14

		Water absorption

		-

		0.2 % by weight

		



		15

		Water-vapor transmission

		-

		0.10 g/h.m2

		



		16

		Dielectric strength

		15 V/ µm

		-

		



		17

		Cold Flexibility / Pliability

		no crack at -2 °C

		IS 13826 (Part 2)



		18

		Adhesion to inner wrap tape

(Only applicable in case of outer wrap tape) 

		

		







3.2 Cold Applied Preformed Bituminous Tape

Cold applied preformed bituminous tape consists of release liner, adhesive layer and bituminous tape. Bituminous tapes which are manufactured to be used The tape is applied on pipeline without the use of heat, which should shall comply to application requirements mentioned below paragraph 6.1 and the property requirements as given in Table 3. The cold-applied bituminous tapes should shall have a release liner as specified in clause 2.5 to protect the adhesive side which has to be removed at the time of application. 

These tapes shall be applied with single wrap or double wrap as agreed between the manufacturer and purchaser.

3.3 Wrapping System 

The properties of the total wrapping system shall conform to the requirements specified in Table 4. 

Table 4 Requirements Wrapping System 

		Sl No.

		Property

		Requirement

		Test Method	Comment by MTD: Mr Arham will suggest the test methods



		

		

		Min

		Max

		



		1

		Impact Resistance Test 

		2.8 Nm	Comment by MTD: Verify

		

		



		2

		Holiday Detection	Comment by MTD: Verify

		No holidays at 12 kV 

		-

		



		3

		Cathodic Disbondment	Comment by MTD: AWWA C 209

		-

		15 mm

		



		

		

		

		

		







4 DIMENSIONS

4.1 Length of Tape

The standard length of tape on one roll shall be either 10 m, 15 m or 20 m. However, the other lengths of the tape on one roll shall be as agreed between purchaser and supplier. This shall be measured using a standard measuring tape or equivalent measuring device/instrument. 

4.2 Width of Tape

[bookmark: _Hlk169104091]The standard widths of tape shall be either 150 mm, 250 mm, 500 mm or 1000 mm. However, the other widths of the tape shall be as agreed between purchaser and supplier. 

Tape of length at least 0.9 m long shall be removed from each of the 3 randomly selected rolls from each lot and place them on a smooth, flat surface. Measure the width of the specimen tape using a standard calibrated scale/tape having least count of 1 mm at not less than three locations along the length of the sample to the nearest 1 mm. 

4.3 Thickness of Tape

The standard thicknesses of tape shall be either 1.5 mm, 2 mm or 4 mm. However, the other thicknesses of the tape shall be as agreed between purchaser and supplier. 

The thickness deviation of the tape shall not be greater than 5 % from the thickness specified. In no case shall the thickness of the tape be less than 1.25 mm. Thickness should be measured in accordance with the directions given in Annexure B.



A dead weight thickness gauge which consist of a presser foot with diameter of 6 mm, anvil with diameter of 6 mm to 50 mm and a weighted presser foot so that the total pressure applied to a specimen is equal to 50 ± 5 kPa. 	Comment by MTD: Review this method. Not sure if this is applicable.	Comment by MTD: what is practised in industry? 

The gauge shall be calibrated for the actual load exerted by the presser foot by means of any device so arranged as to measure the total vertical force exerted by the presser foot at the several gauge readings or presser foot levels selected for calibration. The presser foot shall be brought to each calibration level from a higher one.

Any commercial instrument that, including a hand-held micrometer, which creates the total pressure applied to a specimen equal to 50 ± 5 kPa is permissible for the thickness measurement.

The least count of the tape thickness measuring instrument shall be 1 micron.



5 APPLICATION OF WRAPPING TAPES

5.1 General Requirement 

When heated to a condition permitting conformation to the surface to be coated, the tape shall withstand, without tearing, the tensile force necessary to obtain a tightly wrapped coating free of voids. The tape shall provide a minimum thickness of 0.38 mm of coating between the steel surface and the inner face of the fabric when applied under the tension necessary to provide a void-free wrap. 

5.1 Field Application of Primer

5.1.1 Special sections, pipe connections, or fittings shall be free of all rust, weld spatter or other contaminants before application of primer. The primer shall be applied by brush, glove, or spray to give a coating thickness that is approximately 0.1 mm when wet. The primer shall become “touch dry” before commencing the application of the tape. This method of application of primer shall be applicable to both hot as well as cold applied tapes. 

 5.1.2 If application is done in cold weather, the surface of the pipe shall be preheated until it is warm to the touch and traces of moisture have been removed. The primer shall be then applied and allowed to dry before proceeding with the application of the tape. 

5.2 Field Application of Tape – Hot Applied Preformed Tapes

The tape shall be wrapped in accordance with the manufacturer's recommendations in a manner that shall meet the adhesion and holiday detection requirements of this standard. 

The tape shall be torch heated from the bituminous side of the tape until it starts softening. Place the tape with heated side down on the primed surface which is being coated. Start wrapping the tape circumferentially or spirally (recommended for smaller diameter pipes) whilst heating the tape from bituminous side to achieve maximum adhesion with the primed surface. 

In any event, there shall be a minimum of 12 mm overlap between each wrap. The overlaps should be sealed using heat and trowel ensuring a smooth and even finish. In application, care shall be taken that there are no air pockets or bubbles beneath the tape. The tape should be in intimate contact with the primed steel. 

These tapes shall be applied with single wrap or double wrap as agreed between the manufacturer and purchaser.

The manufacturer shall provide assistance in demonstrating the proper method of application if requested by the contractor or purchaser. 

5.3 Field Application of Tape – Cold Applied Preformed Tapes

The tape shall be wrapped in accordance with the manufacturer's recommendations in a manner that shall meet the adhesion and holiday detection requirements of this standard. 

Approximately1 m of the release liner from the self-adhesive tape shall be removed before placing the adhesive side of the tape on the primed surface. The subsequent remaining adhesive side of the tape is applied incrementally as the release liner is removed to facilitate immediate contact of the adhesive side with the primed steel surface. 

A mechanical roller may be used to avoid any bubbles or air entrapment. The wraps are made circumferentially or spirally (recommended for smaller diameter pipes). In any event, there shall be a minimum of 12 mm overlap between each wrap, or as per manufacturer recommendations. In application, care shall be taken that there are no air pockets or bubbles beneath the tape. 

These tapes shall be applied with single wrap or double wrap as agreed between the manufacturer and purchaser.

The tape should be in intimate contact with the primed steel. The manufacturer shall provide assistance in demonstrating the proper method of application if requested by the contractor or purchaser.





6. TESTS 

(Include any conditioning requirement)



6.9 Adhesion Test	Comment by MTD: Please review if this test is applicable, make necessary modifications.

6.9.1 The method for conducting pipe coating adhesion testing to steel surface in a coating plant is described below. The tests shall be performed between 21 °C and 24 °C to achieve proper values. Adhesion test should be carried out after 24 h of application of the coating.

6.9.2 Adhesion test area

The adhesion test area shall be prepared in four steps: 

1. A circumferential strip measuring 25 mm wide × 375 mm long shall be marked on the coated pipe surface. 

1. The marked area shall then be cut to the steel substrate along the marked area on three sides (top and sides). 

1. A 25 mm strip shall be pried away from the substrate at the top end and attached with a suitable clamp to a pulling tension scale capable of measuring 0 kg to 23 kg. 

1. The coated pipe shall then be marked at 25 mm increments along the length of a cut side with numbers from 1 to 12. 

6.9.3 Adhesion test procedure

The adhesion test shall be conducted and evaluated in the following manner: 

1. Pull the tension scale at an angle of 180° to the pipe surface at a rate of 25 mm per 5 seconds continuously for 1 min. 

1. The pull tension value shall be recorded for each 25 mm of pull. A minimum of twelve values shall be recorded. 

1. The two highest and two lowest values shall be excluded and the remaining eight values shall be averaged and recorded. 

6.9.4 Record the separation mode exhibited during peel test. Primer separation from the steel surface during peel test is not an acceptable separation mode.  

6.9.5 Rejection

An adhesion value below the requirement shall be considered a non-satisfactory result. In this situation, if the result is at least 90 percent of the requirement, two additional tests shall be made at two different locations on the same pipe. If the initial result is less than 90 percent of the requirement, or if either of the additional two tests fail to meet the requirement, the coating shall be repaired or rejected. If the coating fails an adhesion test, the test shall be repeated for the pipe coated prior to and after the failed pipe. This process shall be repeated until satisfactory results are obtained. All coated pipe where the requirement is not met shall be repaired or rejected. 

6.9.6 The adhesion or peel force of the outer tape to inner tape shall also be conducted as above. This test is a laboratory test and not a field test. The minimum peel force or adhesion shall be as specified in Table 3.

11.9.7 Frequency of testing of adhesion shall be performed as agreed between supplier and user. 



6.10 Water Absorption Test 	Comment by MTD: Please review if this test is applicable, make necessary modifications.


6.10.1 Apparatus 

1. Weighing Scale ― An analytical balance capable of reading 0.000 1 g, and

1. Oven ― Capable of maintaining uniform temperatures of 50 ± 3 °C.



6.10.2 Test Specimen 

This test is only applicable to inner layer tape. The test specimen size shall be 60 mm × 60 mm. The test specimens shall have smooth edges free from cracks. 

6.10.3 Procedure

Either of the following two procedures can be used:

1. Twenty-four-hour immersion ― The conditioned specimens shall be placed in a container of distilled water maintained at a temperature of 23 ± 1 °C and shall rest on edge and be entirely immersed for the period of 24 h. At the end of 24 h, the specimens shall be removed from the water one at a time, all surface water wiped off with a dry cloth, weigh to the nearest 0.001 g immediately. If the specimen is 1.5 mm or less in thickness, it shall be put in a weighing bottle immediately after wiping and weighed in the bottle.

1. Two-Hour Boiling Water Immersion —The conditioned specimens shall be placed in a container of boiling distilled water, and shall be supported on edge and be entirely immersed. At the end of 120 ± 4 min, the specimens shall be removed from the water and cooled in distilled water maintained at room temperature. After 15 ± 1 min, the specimens shall be removed from the water, one at a time, all surface water removed with a dry cloth, and the specimens weighed to the nearest 0.001 g immediately. If the specimen is 1.5 mm or less in thickness, it shall be weighed in a weighing bottle.

6.10.4 Calculation



Percentage increase in weight during immersion, calculated to the nearest 0.01 % as follows.

Increase in weight percent =× 100

6.11 Water Vapor Transmission	Comment by MTD: Please review if this test is applicable, make necessary modifications.


6.11.1 Apparatus

6.11.1.1 Test dish 

The test dish shall be of any non-corroding material, impermeable to water or water vapor. The mouth of the test dish shall be as large as practical. 



6.11.1.2 Attach the specimen to the test dish in such a manner that the test dish mouth defines the area of the specimen exposed to vapor pressure in the test dish. 



6.11.1.3 The sealant used for attaching the specimen to the dish shall be highly resistant to passage of water vapor. It must not affect the vapor pressure in water filled dish. Molten wax /equivalent shall be used as sealant material. 



6.11.2 Test chamber 

The cabinet where the assembled test dishes are to be placed shall have a controlled temperature and relative humidity. 

The temperature chosen shall be between 21 °C and 32 °C and shall be maintained constant within ±1 °C. The temperature of chamber walls facing to the specimen over water should not be cooler than water to avoid condensation on the test specimen.

The relative humidity shall be maintained at (50 ± 2) %. Both temperature and relative humidity shall be recorded continuously.

Air shall be continuously circulated throughout the chamber, with a velocity sufficient to maintain uniform conditions at all test locations. The air velocity over the specimen shall be between 0.02 m/s and 0.3 m/s. 

6.11.3 Balance and Weights

Analytical balance shall be used for measuring weight change during the test period and shall be sensitive to a change smaller than 0.001 g of the weight during the period when a steady state is considered to exist. 



6.11.4 Test Specimens

The sample shall be of uniform thickness. If the material is of nonsymmetrical construction, the two faces shall be designated by distinguishing marks (for example, on a one- side-coated sample, I for the coated side and II for the uncoated side).  Test specimens shall be representative of the material tested. When a product is designed for use in only one position, three specimens shall be tested by the same method with the vapor flow in the designated direction. 

The overall thickness of each specimen shall be measured at the center of each quadrant and the results should be averaged. Measurement of specimens of 3 mm or less in thickness shall be made to three decimal digits. 

6.11.5 Test Procedure

Fill the test dish with distilled water to a level 19 ± 6 mm from the specimen. The air space thus allowed has a small vapor resistance, but it is necessary in order to reduce the risk of water touching the specimen when the dish is handled. 

Attach the specimen to the dish and place it in the controlled chamber, specimen up, weighing it immediately. 

Weight the dish assembly every hour over the 24 h test period to provide at least 20 data points during the test. A data point is the weight at a particular time. The time that the weight is made shall be recorded to a precision approximately 1% of the time span between successive weighing. Weighing shall be accomplished without removal of the test dishes from the controlled atmosphere.

Relative humidity and the temperature in the controlled chamber shall also be continuously recorded.  

6.11.6 Calculation for Water Vapor Transmission (WVT) and Permeance (Perms)

The water vapor transmission (WVT) rate shall be calculated using the following formula.



where



G = weight change, g

t = time during which G occurred, h 

G/t = slope of the straight line, g/h

A = test area (cup mouth area), m2, and 

WVT = rate of vapor transmission, g/h.m2







The permeance (Perms) shall be calculated using the following formula



 where

Permeance =  =  × 100

 = vapor pressure difference in mm Hg (1.333 × 102 Pa)

S = saturation vapor pressure at test temperature, mm Hg

R1 = relative humidity at the source (in the test dish) expressed as a fraction, and

R2 = relative humidity at the vapor sink (controlled chamber) expressed as a fraction.

6.12 Dielectric Strength	Comment by MTD: Please review if this test is applicable, make necessary modifications.


6.12.1 Apparatus

6.12.1.1 Voltage source 

Obtain the test voltage from a step-up transformer supplied from variable sinusoidal low-voltage source. The transformer, its voltage source, and the associated controls shall have the following capabilities: The ratio of crest to root-mean-square (rms) test voltage shall be equal to 1.34 to 1.48, with the test specimen in the circuit, at all voltages greater than 50 percent of the breakdown voltage. The capacity of the source shall be sufficient to maintain the test voltage until dielectric breakdown occurs. 

6.12.1.2 Voltage measurement

A voltmeter must be provided for measuring the rms test voltage. The overall error of the voltage-measuring circuit shall not exceed 5 percent of the measured value. The voltmeter shall be such that its time lag is not greater than 1 percent of full scale at any rate-of-rise used.

6.12.1.3 Electrodes

Opposing cylinders; the lower one 75 mm in diameter, 15 mm thick; the upper one 25 mm in diameter, 25 mm thick; with edges of both rounded to 3 mm in radius. The entire flat area of the electrode should be in contact with test specimen.  The flatness and surface finish of the electrode faces must be such that the faces are in close contact with the test specimen over the entire area of the electrodes.

6.12.2 Test Specimens

Take 5 samples from areas that are not immediately adjacent to obvious defects or discontinuities in the material. The outer few layers of roll material, or material immediately next to an edge of a sheet or roll should be avoided. When flat-faced electrodes are to be used, the surfaces of the specimens which are in contact with the electrodes shall be smooth parallel planes.  

The recommended test specimen type for this test is a 101 mm plaque or larger. Test specimens over 2 mm thick are typically tested in oil to decrease the chance of flashover before breakdown. 

6.12.3 Procedure

Voltage is applied across the two electrodes and raised from zero to dielectric breakdown at a suitable uniform rate of 100/200/500/1 000/2 000 V/s (generally 500 V/s), which gives an average time to breakdown of between 10 and 20 s, until breakdown. Breakdown is when an electrical burn-through punctures the sample, or decomposition occurs in the specimen. The rate of voltage rise is determined by the time it takes the sample to reach dielectric breakdown.  This test is done commonly in air because of adhesive layer at one side.

6.12.4 Calculation

1. Calculate the dielectric strength in kV/mm at breakdown;

1. Dielectric strength = Breakdown voltage / Thickness of sample; and 

Calculate the average dielectric strength of 5 samples.



6.14 Holiday Detection	Comment by MTD: Verify


Holiday Test is for locating discontinuities in a coating. The instrument is used for this test is pulse type holiday detector which supplies a high voltage pulse for very short duration.

6.14.1 Grounding

Grounding both the pipe metal and the ground terminal of the holiday detector is necessary to complete the circuit.



6.14.2 Electrode Travel Speed

Pulse type holiday detector allows higher speed of travel of electrode. The minimum speed shall be 0.3 m/sec. 



6.14.3 Voltage Measurements

Voltage measurements of pulse type detectors shall be made with kilovolt meter. The electrode must in normal operating position on coated surface in a holiday free area. The voltage shall be measured between the electrode and the pipe.



6.14.4 Condition of Coating Surface

If the coated surface has excessive moisture, the coating system can cause appreciable leakage currents and cause erroneous holiday indication. Drying and leaning of the coated surface must be necessary.



6.14.5 Testing Voltage Calculation: 

Minimum testing voltage of a coating is given by the formula:



Testing Voltage V = 7 900  is the target; at ± 20 % of the target is the allowed range, T is average total coating thickness in mm.

6.15 Impact Resistance Test 	Comment by MTD: Verify 
Add requirements for Impact test 


The test method consists of measuring the resistance of the coating to impact damage by dropping a spherical impactor on to the applied coating with a determined impact energy.

Freedom from damage is assessed by testing the impact site using a high voltage holiday detector.

6.15.1 Apparatus

The apparatus (see Fig. 1) shall consist of a weighted impactor (13) with a calibrated vertical guide (14) aligned over a horizontal support (6) for the coated test specimen (5).

The 25 ± 0.1 mm diameter hemispherical hardened steel impactor (4) shall be fixed centrally to the lower end of a cylindrical steel falling body (outside diameter 35 ± 0.5 mm) (13). The impactor shall be free from damage or irregularities.

[image: ]

		1. 

		Moving weight guide slot 

(1 000 mm × 10 mm)

		9

		Gudgeon support (steel pillar)



		1. 

		Drop tube (40 mm)

		10

		Fixed support



		1. 

		Moving weight guide

		11

		Three air release slots

(10 mm × 1 000 mm)



		1. 

		Impactor ( 25 mm)

		12

		Support base (thickness 20 mm)



		1. 

		Specimen (coated steel pipe with 100mm nominal bore diameter)

		13

		Steel falling body (35 mm)



		1. 

		Support bar (75 mm)

		14

		Moving weight guide



		1. 

		Pintle (20 mm)

		15

		Drop tube



		1. 

		Support bar clamp

		

		





All dimensions in millimetres

FIG. 1 IMPACT TESTER

Total falling weights are given in Table 6:

Table 6 Impact energy

(Clause 6.15.1)

		Impact energy

J

		Total falling weight

g

		Drop height

mm



		4

		408 ± 2

		1 000 ± 5



		8

		815 ± 4

		1 000 ± 5



		15

		1 529 ± 7

		1 000 ± 5



		30

		3 058 ± 15

		1 000 ± 5







To determine intermediate values of impact resistance the drop height may be varied using the nearest higher falling weight.

The vertical guide consists of a vertical tube with internal diameter 40 ± 0.5 mm (2), (15) with four 10 mm wide and 1 000 mm long slots (1), (11) (one for guide (3), (14) and three for air release (11)) or an equal device capable of guiding the fall of the weighted impactor with minimum friction on to the specimen from a predetermined height of up to 1 000 mm (impact energy see table 6). A device for measuring the drop height with an accuracy of 5 mm shall be provided.

The horizontal specimen support (6) consists of a 75 mm diameter cylindrical steel bar supported at each end on steel pillars 60 mm high (9), (10). One end of the horizontal bar shall be hinged (7) and the other shall be clamped (8) (see fig.1). The length of the bar (6) between the pillars shall be 400 ± 5 mm.

1. Length of 100 mm nominal bore diameter steel pipe shall be 250 mm and minimum wall thickness of 3 mm (5),

1. A high voltage holiday detector with a single probe capable of being set to a voltage of up to 15 ± 0.5 kV.

6.15.2 Preparation of test specimens

Prepare the surface of the pipe in accordance with the manufacturer's instruction. 

6.15.3 Tapes

The required number of layers of each tape specified by the manufacturer shall be applied to the entire pipe length in accordance with the manufacturer's instruction except that they shall be applied spirally, edge to edge, without overlaps.

6.15.4 Shrinkable Materials

Shrinkable material coatings shall be applied to the entire pipe length in accordance with the manufacturer's instruction.

6.15.5 Procedure

Condition the coated test specimen for at least 2 h at 23 ± 12 °C. Support the coated test specimen on the horizontal support (6) (steel bar) of the test apparatus so that the impactor (4) shall fall vertically on to the crown.

Adjust the impact energy to the value specified in table 6 appropriate to the class of coating with an accuracy of 0.5 %.

Allow the weighted impactor (13) to fall freely on the test specimen. Carefully raise the impactor (4) and test the impact site with high voltage holiday detector at a test voltage of 5 kV/mm of original thickness of the coating with a maximum of 15 kV.

Carry out 10 separate impacts on sites at least 30 mm apart.

Increase the impact energy by increments of 1 J and plot the impact energy against the number of perforations to obtain the maximum impact resistance.

6.15.6 Expression of Results

The coating shall pass the test at the specified impact energy if no holidays are recorded after 10 impacts. The maximum impact resistance shall be taken as the impact energy at the point of inflexion on the graph where the number of perforations increases rapidly.

6.18 Cathodic Disbondment Test 	Comment by MTD: Verify 

The test consists of assessing the resistance to disbondment of damage polyethylene / polyolefin tape coating when exposed to cathodic polarization.

The test shall be performed on a test sample previously subjected to holiday detection and in which an artificial defect of a defined size has been created. 

6.18.1 Apparatus

6.18.1.1 Electrical source, consisting of a controlled voltage d.c. power unit (potentiostat) capable of supplying 20 mA to each test area simultaneously.

Cathodic polarization potential (E) equivalent to 1 500 mV vs. saturated calomel reference electrode shall be maintained. E equals to 1 500 mV when a saturated calomel reference electrode is used. The potentials are defined as follows:

— “E” is the potential of the “working electrode” with regard to the “reference electrode”. 

— “V” is the difference of potential between the “working electrode” and the “auxiliary electrode”.

6.18.1.2 Electrolytic cell, having a typical test-cell configuration as shown in fig. 2. The electrolytic cell shall comprise of ―

a) a rigid plastic pipe with an internal diameter of minimum 50 mm. The height shall be such that the total volume of the electrolyte is equal to or greater than 150 cm3 with a minimum height of the electrolyte of 70 mm, and

b) a rigid plastic cover in which holes shall be drilled to allow the passage of the electrodes and any other measuring instruments deemed necessary, and to allow the escape of hydrogen.
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		Key

		



		1   connection to working electrode

		9    Steel test piece



		2   connection to auxiliary electrode (anode)

		10  Sealing material



		3   connection to reference electrode

		11  artificial defect,  3 mm to 6 mm if coating thickness is less than 1 mm; 6 mm in other cases



		4   reference electrode

		12  Sealing material



		5   plastic cover

		13  Working electrode (cathode)



		6   plastic pipe, minimum internal 50 mm

		14  Platinum electrode, 0.8 mm to 1.0 mm (anode)



		7   electrolyte ≥ 150 ml

		15  potentiostat



		8  coating

		16  220 V power supply





FIG. 2 ELECTROLYTIC CELL FOR LARGE-DIAMETER PIPE

6.18.1.3 Reference electrode shall be saturated calomel capable of measuring suitable potential -1 500 mV and suitable for the test temperature required, placed in an electrode holder situated in a glass pipe with a porous end diaphragm. The end of this assembly shall be placed approximately 10 mm from the surface of the coating and approximately 20 mm from the coating defect.  

6.18.1.4 Anode, consisting of an inert material, e.g. platinum wire, 0.8 mm to 1.0 mm in diameter. It shall be immersed in the electrolyte to within approximately 10 mm over the coating defect. The ratio of the surface area of the anode to that of the cathode shall be greater than 1.

6.18.1.5 Cathode, represented by the artificial defect, 6 mm in diameter, with a maximum depth of 0.5 mm in the steel substrate.

6.18.1.6 Electrolyte, consisting of a 3 percent solution of NaCl in distilled or deionized water. The solution shall be made from technical grade sodium chloride. The pH at 23   2 °C during the test shall be in the range of 6 to 9. The height of the electrolyte in the cell shall be at least 70 mm.

6.18.1.7 Heating equipment, suitable to establish and to maintain the test temperature of the sample. If not heated in an oven, the temperature shall be checked on the artificial defect by an appropriate means, for example a temperature sensor.

[bookmark: _Toc425529634]6.18.2 Sampling

The test shall be performed on a coated pipe and three cathodic disbondment tests shall be performed. The thickness of the area of the coating subject to the test shall be measured and recorded.

The integrity of the coating on all test samples shall be checked by holiday detection.

A 6 mm diameter hole through the coating shall be obtained by drilling. The depth of the hole in the steel substrate shall not exceed 0.5 mm. At the initiation of the test, the total surface area subject to the test shall be free from residual coating. The test area shall be degreased using a suitable solvent and then rinsed with potable water and subsequently dried.

[bookmark: _Toc425529635]6.18.3 Procedure

The plastic pipe forming the electrolytic cell shall be sealed using a suitable sealant, for example, a chemically inert adhesive. The artificial defect shall be in the centre of the cell.

The cell shall be filled with the NaCl electrolyte. The test temperature shall be controlled within 23  2 °C.

A negative cathodic potential -1 500  10 mV shall be measured between the reference electrode and cathode (pipe).

The test shall be performed for the test period of 30 days. The level of the electrolyte shall be readjusted with distilled or deionized water, if necessary.

[bookmark: _Toc425529636]6.18.4 Investigation Procedure

After the test, the cell with the electrolyte shall be removed. The test sample shall be rinsed with water and dried. After drying, the area of the coating subjected to the test shall be examined in accordance with the following method:

a) Inspect and assess each coating immediately after the test period;

b) Make about 6 radial incisions using a sharp knife, through the coating to the substrate, extending outwards from the holiday for a distance of at least 40 mm. Make these incisions at an angle of approximately 60° from each other;

c) Insert the knife point into the center portion of the holiday down to the metal substrate. Using a gentle levering action, peel away slowly a radial section of coating continuing until firm adhesion is encountered;

d) Repeat with each radial segment; and

e) [bookmark: _Toc425529637]Measure the length from the edge of the holiday area to the furthest extent for each segment.

6.18.5 Results

The result of the cathodic disbondment test shall be defined as the arithmetic mean value of the 6 single values. The mean value shall be recorded.











7. SAMPLING AND CRITERION FOR CONFORMITY 

7.1 The scale of sampling shall be as per 3 of IS 8402.

7.2 Criteria for Conformity

The lot shall be declared as conforming to the requirements of the specification if test results as obtained meets the corresponding requirements given in the standard.

8. PACKAGING AND MARKING

8.1 Packaging



8.2 Marking

8.2.1 Each tape shall be marked with following information:

a) Trademark or Brand name;

b) Product Name/Type; 

c) Thickness of tape;

d) Batch or lot number.

8.2.2 Each packaging shall be marked legibly with the following information:

a) Name and type of material;

b) Indication of source of manufacture;

c) Month and Year of manufacture;

d) Length and width of the tape;

e) Batch number of manufacture; 

f) Directions for storage and use; and

g) Any other information relating to retention of quality of the tape at the customer’s end including guidelines regarding storage of the tapes and primer.

8.3 BIS Certification Marking

The product(s) conforming to the requirements of this standard may be certified as per the conformity assessment

schemes under the provisions of the Bureau of Indian Standards Act, 2016 and the Rules and Regulations framed

thereunder, and the products may be marked with the Standard Mark.



8.4 Handling, Transportation and Storage of Coated Pipes

The care shall be taken to load, unload, transport and stock pile the coated pipes within the coating plant using suitable means to avoid damage to the pipe and coating. It shall be agreed prior to commencement of work.

Coated pipes may be handled by means of slings of belts of proper width (minimum 60 mm) made of non-abrasive/non-metallic materials. The pipes shall be stacked completely clear from the ground at least 300 mm so that bottom row of pipes remain free from any surface water. The pipes shall be stacked at a slope so that draining rain does not collect inside the pipe. The lorries used for transportation shall be equipped with adequate pipe supports having as many round hollow beds as there are pipes to be placed on the bottom of the lorry bed. Total width of supports shall be at least 5 percent of the pipe length and minimum 3 in number support shall be provided.
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  Coating and Wrapping of  Underground Mild Steel   Pipelines  –   Specifications:  Preformed Bituminous Wrapping Tapes     1. SCOPE   This standard covers the   requirements for   preformed   bituminous wrapping tapes   (hot applied and cold  applied)   used for exterior protection of  Ductile Iron and  mild steel  pipelines installed under normal or  avera ge soil conditions.   This tape can be applied on site as well as in factory.   This standard also covers  requirements for  field joints and  repair of previously applied bituminous tapes on pipelines.    (Usage:  underground / above ground ?)   2. REFERENCES   The following standards contain provisions, which through reference in this text, constitute provisions of  this standard. At the time of the pu blication, the editions indicated were valid. All standards are subject to  revision, and parties to agreements based on this standard arc encouraged to investigate the possibility of  applying the most recent editions of the standards indicated below:  


IS No .  Title  


IS 10221    Code of Practice for Coating and Wrapping of Underground Mild Steel Pipelines  


  2. MATERIAL    2.1   Primer     Primer shall be made from bitumen. It shall be a liquid that can be applied without heat and shall produce  an effective bond between   the surface to be protected and the subsequent coating of bi tumen. The primer  shall not contain  benzol and shall not settle in the container to form a cake that cannot be mixed easily by  hand stirring. The primer shall have good sprayi ng and brushing prop erties and   minimum tendency to  produce bubble during application.    The primer used in conjunction with  both cold and hot applied bitumen tapes   shall comply to the  properties given in  T able  1 .   TABLE  1   CHARACTERISTICS OF BITUMINOUS /ASPHALTIC   PRIMER  


Sl  No.  Characteristic  Requirement  Reference   Test  Method  


1  Flash Point  23   °C,  Min  IS 101   IS 101 (Part 1/  Sec 6)  


2  Viscosity  (Flow time at 20 °C by  Method B )  30   s to  200   s  Annexure A   IS 1206 (Part 1)  


3  Distillation :   IS   1213  


 a)  Distillate, percent of  total distillate  to 360°C,   Min      


 i)   Up to 190°C  35 %   


 ii)   Up to 225°C  75 %   


 iii)   Up to 260°C  87 %   
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Coating and Wrapping of Underground Mild Steel Pipelines

: Bituminous Hot Melt Enamel Coatings



1. SCOPE

This standard covers the property requirements for a hot melt protective coating system for steel pipelines to be installed under normal or average construction conditions in soil. 



2. REFERENCES

The following standards contain provisions, which through reference in this text, constitute provisions of this standard. At the time of the publication, the editions indicated were valid. All standards are subject to revision, and parties to agreements based on this standard arc encouraged to investigate the possibility of applying the most recent editions of the standards indicated below:

		IS No.

		Title



		IS 8062 (Part 2): 2006

		Cathodic protection of buried pipeline/ structure for transportation of natural gas, oil and liquids - Code of practice (First Revision)



		IS 9912: 2008



IS 10221:1982



		Coal tar-based coating material and primers for protecting iron or steel pipelines – Specification (First Revision)

Code of Practice for Coating and Wrapping of Underground Mild Steel Pipelines



		IS 14164: 2008

		Industrial application and finishings of thermal insulation materials at temperature above -80 ℃ and up to 750 ℃ Code of practice (First Revision)









3. Material

The materials, commonly used for coating and wrapping of underground pipelines are as follows:

a) Coating primer,

b) Coating enamel, and

c) Wrapping materials

4. Primer

There are two types of primers. The choice of primer to be used in connection with the Bitumen Enamel is highly important and is based on the compatibility with the enamel during different climates.



4.1 Asphaltic/Bituminous primer, Type A

This primer shall be composed of a petroleum asphaltic/bituminous base and petroleum solvents, suitably blended to produce a liquid coating which may be applied cold by brushing or spraying and which shall produce a suitable bond between the metal and asphalt/bitumen enamel. The primer shall have good spraying, brushing and levelling properties and a minimum tendency to produce bubbles during application. It shall be homogeneous, free from water and shall have the characteristics as specified in Table 1.



4.3 Synthetic Primer, Type B

Fast drying synthetic primer shall consist of chlorinated rubber, synthetic plasticizer end solvents. They shall be suitably compounded to produce a liquid coating that maybe readily applied cold by brushing or spraying and that shall produce a suitable and effective bond between the metal and subsequent coating of coal tar enamel. The primer used with coal tar enamel shall have the characteristics as given in Table 2.



5. Enamel

The asphalt/bitumen enamel shall be composed of a petroleum asphalt/bitumen combined with appropriate inert mineral fillers. The bitumen used to manufacture this Enamel should conform to IS 73 and Table 4. It shall be uniform in character, free from water and shall not foam when heated to 205°C. The enamel shall have the characteristics, as specified in Table 3. A suitable bituminous primer / synthetic primer must be used with this enamel that conforms to Table 1 for Asphaltic/ Bituminous primer and Table 2 for Synthetic Primer.



6 Wrapping Materials

6.1 Inner Wrap

Inner wrap shall be of glass fibre tissue. The glass fibre tissue is a thin, flexible, uniform mat, composed of glass fibres in an open porous structure, may be bonded with a suitable inert material, compatible with Bitumen/Asphalt Enamel. The glass fibre tissue shall have the characteristics as specified in Table 6.

6.2 Outer Wrap

6.2.1 Glass fibre outer wrapping

The outer wrap shall conform to glass fibre tissue as specified in Table 5. This tissue shall be saturated with Asphaltic/Bituminous enamel conforming to Table 3. The resultant outer wrap shall be uniform, flexible and of uniform porosity to facilitate the release of hot gases and achieve better finishing. The outer surface of outer wrap shall be lightly dusted with talc, fine sand, or other approved mineral powder sufficient to prevent sticking in the rolls under conditions likely to be met at site. The inside surface shall receive minimum dusting, as excessive amount may impair the bond between outer wrap and enamel. 

[bookmark: _Hlk146120726]

6.2.2 White Wash

All white wash to be used shall be formulated from water, boiled linseed oil, processed quick lime and salt.



6.2.3 Water emulsion paint

All water emulsion latex paints to be used must be stabilized, pigmented dispersion of water- insoluble film-forming high molecular-weight synthetic polymeric materials in water. After application and drying. the paint must be able to produce a film that adheres to the Asphalt/Bitumen/coal tar enamel, is white in colour, water resistant and able to withstand exterior exposure without degradation for a minimum of 90 days.







TABLE 1 - CHARACTERISTICS OF BITUMINOUS/ASPHALTIC PRIMER



		Sl No.

		Characteristic

		Requirement

		Ref to Relevant IS Code



		

		

		

		



		1

		Flash Point, °C, Min

		40°C, Min

		IS: 101 (Part 1/ Sec 6)



		2

		Viscosity (Flow time at 20 °C by No.4 flow Cup), s

		30-200

		IS 1206 (Part 1)



		3

		Distillation:

· Distillate, percent of total distillate to 360°C, Min

· Residue from distillations to 360 °C, volume percent (by difference)

		To 190°C – 35

To 225°C – 75

To 260°C – 87

To 315°C – 97



30-45

		IS: 1213



		4

		Tests on residue from distillation

a. Softening point, °C

b. [bookmark: _Hlk124777066]Penetration at 25°C/100g/5s, mm

c. Solubility in trichloroethylene, percent, Min

		

71 – 107



             0.2 – 2.5





99

		

IS:1205



IS 1203



IS: 1216







TABLE 2 - CHARACTERISTICS OF SYNTHETIC PRIMER FOR USE WITH ASPHALT/BITUMEN ENAMEL

		SI No

		Characteristic

		Requirement

		Test Method



		1

		Flash Point, °C, Min

		30

		IS 101 (Part 1/ Sec 6)



		2

		Viscosity (Flow time at 20°C by No. 3 Flow cup), s

		35-55

		IS 1206 (Part 1)



		3

		Volatile matter (100 - 110°C), percent loss by mass

		50-80

		Annexure A













TABLE 3 - CHARACTERISTICS OF ASPHALT/BITUMEN ENAMEL



		Sl No.

		Characteristic

		Requirement

		Test Method 



		

		

		Type A

		Type B

		



		1

		Softening point (Ring and ball), °C

		99-115

		115-127

		IS:1205



		2

		Penetration, 10^-1 mm

a. 25°C, 100g, 5s – Max

b. 45°C, 50g, 5s – Min

		

14

5

		

7

3

		IS:1203



		3

		Flash Point (Cleveland open cup), °C, Min

		232

		232

		IS:1448



		4

		Loss on heating at 163°C for 5h, percent, Max

		0.5

		-

		IS:1212



		5

		Filler content (Ash), by ignition, percentage

		25-35

		25-35

		IS:1217



		6

		Water content, percent, Max

		0.05

		0.05

		IS:1211



		7

		Sag, mm, Max

a. At 60°C for 24h

b. At 75°C for 24h

		

1.5

-

		

-

1.5

		

Annexure A



		8

		Impact test:

a. Direct impact, dis bonded area, mm^2, Max

b. Indirect impact, dis bonded area, mm^2, Max

		

6500



1250

		

6500



1250

		



Annexure A



		9

		Settlement ratio (of ash in bottom half to ash in top half after 5h at 205°C), Max

		2:1

		2:1

		-







TABLE 4 - CHARACTERISTICS OF ASPHALT/BITUMEN SATURANT



		Sl No.

		Characteristic

		Requirement

		Test Method (Ref to IS)



		1

		Softening Point, °C

		99-127

		IS:1205



		2

		Penetration at 25°C/100g/5s, 10^ -1mm

		3-14

		IS:1203







TABLE 5 - PHYSICAL PROPERTIES OF FIBRE-GLASS OUTER WRAP

	

		Sl No.

		Property

		Value



		1

		Nominal thickness, mm

		0.75



		2

		Mass, g/m^2

		550



		3

		Breaking strength N/150 mm of width, Min

		535



		4

		Tear strength (Transverse), N/Min

		45



		5

		Inner diameter of core, mm

		63-75







TABLE 6 - PHYSICAL PROPERTIES OF FIBRE-GLASS INNER WRAP



		SI NO.

		Characteristic

		Requirement



		

		

		



		1

		Weight, g/m2, Min

		40



		2

		Thickness, mm, Min

		0.33



		3

		Breaking load in the longitudinal direction N/cm

		23.2



		4

		Tear Strength, N, min

		9



		4

		Porosity (At air velocity of 1m/s), mm

		The inner wrap shall have a porosity, when related to pressure difference across the sample of not less than 0.55 mm and not more than 1.9 mm of water gauge



		5

		Temperature resistance

		Unaffected under load in hot bitumen at 288°C for 1 min



		6

		Pliability test

		There shall be no cracking went bent over a 3mm radius after immersing in water for 10 - 15 minutes through a 90° arc











ANNEXURE A



A-1. PREPARATION OF TEST PLATES

A-1.1 Test Plates - Steel plates of suitable sizes shall be free of all oil and grease. One side of each plate shall be blasted to a uniform grey surface, with rust, mill scale and all other foreign matter completely removed. A profile of 3 mils (0·075 mm) is intended.

A-1.2 Priming of Test Plates -All test plates prepared as specified in A-1.1 shall be primed using the coverage recommended by inspector/manufacturer. The primer shall be applied with a clean flat-bristle brush of 25 mm width. Plates shall be primed and dried while laying horizontally in a well-ventilated room.

A-1.2.1 Conditioning - These plates shall be kept in room, for drying where temperature shall be controlled between 21 to 33° C and 66 percent maximum relative humidity.

A-1.3 APPLICATION OF ENAMEL

A-1.3.1 Preparation of Enamel for Testing- About 13 kg of enamel shall be broken into pieces approximately 100 mm in maximum cross-section. This shall be rapidly melted over a large gas burner in a metal container of uniform cross-section of not less than 200 mm, nor more than 300 mm in diameter.

A-1.3.2 Initial Heating - Immediately upon reaching the specified application temperature, the enamel shall be applied to the primed test plates required for Sag test and Impact test given below.

A-1.3.3 Two Hour Heating-The remaining enamel in the container (about 9 kg) shall be maintained at the specified application temperature for 1 hour. The enamel shall be stirred with a metal bar at intervals of 15 minutes during the heating period. A 6 mm thick steel plate shall be interposed between the container and the gas flame to avoid superheating.

A-1.3.4 The application temperatures and method of application shall be as recommended by the inspector/the coating manufacturer.



A-2. HIGH TEMPERATURE (SAG TEST)

A-2.1 Depending upon the laboratory equipment available, prepare two test plates in accordance with one of the following methods:

a) Method A - Use 30 x 100 x 5 mm plates. Enamel one side in the manner previously described. Scribe three times at 75 mm intervals across the enamel surface.

b) Method B - Use 300 x 300 x 3 mm plates. Enamel one side in the manner previously described, with a 12 mm uncoated border left around the four edges of the plates. Scribe lines

25 mm apart across the face of the enamel surface and continue on the uncoated surface of the plate to the edges.



A-2.2 Procedure - The plates prepared by either method shall be stored in vertical position so that the scribed lines are horizontal in the chamber in which the temperature shall be controlled at the temperature and for the period specified for the appropriate grades in Tables 5 and 6. At the end this period, the plates shall be removed and cooled to room temperature. The average of the sag of the scribed lines on two plates shall be recorded as sag of the enamel.





A-3. IMPACT TEST

A-5.1 Test Pieces - Two plates 300 x 300 x 3 mm shall be enamelled on one side in the manner previously described (see A-1.3).

A-3.2 Conditioning - When the plates reach room temperature, they shall be immersed in a water both held at a uniform temperature of 25°C for a period of at least 7 hours before testing. Each plate shall be removed from the water bath, dried with a soft clean cloth for subjecting immediately to impact test.

A-3.3 Procedure

A-3.3.1 Direct Impact - Each plate shall be supported on the true plane surface of a block of wood. A steel ball weighing 650 g with a well-polished spherical surface shall be dropped from a height of 2·45 m above the surface of the plate. The ball shall be dropped so as to strike the enamel at a point at least 100 mm from the edge of the plate. After one sure impact, the enamel shall be examined for evidence of shattering and loosening from the plate (see Table 3).

A-3.3.2 Indirect Impact - After being subjected to direct impact, plates shall be placed with the coated face down on a wooden block through which a 90 mm dia hole has been cut. The same ball shall then be dropped from a height of 2·45 m above the surface of the plate, so as to strike the steel plate at a point over the centre of the hole in the wooden support block. The point of impact shall be at least 100 mm from any edge of the plate and shall be at least 75 mm from the point of direct impact. After one such impact, the enamel shall be examined for evidence of shattering and loosening, of the coating from the plate (see Table 3). After removal of loose coating, the area of the loosened coating shall be determined.



A-4. DETERMINATION OF VOLATILE MATTER IN PRIMER

A-4.1Procedure — Weigh to the nearest milligram between 1 -0 g and 2'0 g of the primer into a tared flat bottomed circular dish, about 75 mm in diameter. Heat the dish and its contents in an oven at the specified temperature for 3 hours. Allow the dish to cool to room temperature in a desiccator and reweigh to the nearest milligram.

A-4.2 Calculation — Calculate the volatile matter, V, as a percentage by mass of the primer as follows:

                                          

                                        V= 100(M1 – M2)/M1

where

M1 is the mass of sample before heating; and 

M2 is the mass of sample after heating.
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Comments on draft submitted by IWL.docx
Coating and Wrapping of Underground Mild Steel Pipelines – Specifications: Preformed Bituminous Wrapping Tapes



1. SCOPE

This standard covers the requirements for preformed bituminous wrapping tapes (hot applied and cold applied) used for exterior protection of Ductile Iron and mild steel pipelines installed under normal or average soil conditions. These tapes can be applied on site as well as in factory. This standard also covers requirements for field joints and repair of previously applied bituminous tapes on pipelines.  	Comment by MTD: Only mild steel? Or is it used for cast iron pipeline also?
Field applied or site applied ?
Are there any exclusions – e.g. repair, field joints?	Comment by MTD: Not used for cast iron pipelines. Used for DI pipes and MS pipes. 	Comment by MTD: This tape can be applied on site as well as factory applied.  	Comment by User: From Dr.B.Duari : See IS 10221 Clause 8.2- states that it can be used only for Non-corrosive soil ( normal and average soil) i.e., soil resistivity above 5000 ohm-cm. Hence, it should be “non-corrosive soil”.

2. REFERENCES

The following standards contain provisions, which through reference in this text, constitute provisions of this standard. At the time of the publication, the editions indicated were valid. All standards are subject to revision, and parties to agreements based on this standard arc encouraged to investigate the possibility of applying the most recent editions of the standards indicated below:

		IS No.

		Title



		IS 10221



		Code of Practice for Coating and Wrapping of Underground Mild Steel Pipelines







2. MATERIAL 

2.1 Primer 

Primer shall be made from bitumen. It shall be a liquid that can be applied without heat and shall produce an effective bond between the surface to be protected and the subsequent coating of bitumen. The primer shall not contain benzol and shall not settle in the container to form a cake that cannot be mixed easily by hand stirring. The primer shall have good spraying and brushing properties and minimum tendency to produce bubble during application. 

The primer used in conjunction with both cold and hot applied bitumen tapes shall comply to the properties given in Table 1.

TABLE 1 CHARACTERISTICS OF BITUMINOUS/ASPHALTIC PRIMER	Comment by MTD: Is this applicable to both cold and hot applied? 

		Sl No.

		Characteristic

		Requirement

		Test Method



		1

		Flash Point

		40 °C, Min

		IS 101 (Part 1/ Sec 6)



		2

		Viscosity (Flow time at 20 °C by Method B)

		30 s to 200 s

		IS 1206 (Part 1)



		3

		Distillation:

		

		IS 1213



		

		a) Distillate, percent of total distillate to 360°C, Min

		 

		



		

		i) Up to 190°C

		35 %

		



		

		ii) Up to 225°C

		75 %

		



		

		iii) Up to 260°C

		87 %

		



		

		iv) Up to 315°C

		97 %

		



		

		b) Residue from distillations to 360 °C, volume percent (by difference)

		30 % to 45 %

		



		4

		Tests on residue from distillation

		

		



		

		a) Softening point

		71 °C to 107 °C

		IS 1205



		

		b) Penetration at 25°C/100g/5s, 10-1 mm

		2 to 25 tenths of mm	Comment by MTD: Unit? – mm?	Comment by MTD: Can we write 0.2mm – 2.5 mm

0.2 mm to 2.5 mm

		IS 1203



		

		c) Solubility in carbon tetra-chloride, 	Comment by MTD: No test method mentioned for solubility in carbon tetrachloride


d) solubility in trichloroethylene

		99 percent by weight, Min	Comment by MTD: solubility in trichloroethylene – 99 % Min – Test IS 1216 Tar and bituminous materials - Methods for test - Determination of solubility in trichloroethylene
Ref: IS 73 PAVING BITUMEN — SPECIFICATION
Also refer : Table 1 of IS 3384 Bitumen primer for use in waterproofing and damp proofing


		IS 1216







2.2 Base Membrane 

The base membrane shall be made of organic or inorganic fibres. Fibre glass or related reinforcements should shall be used as a reinforcement base membrane which shall be thin, flexible and uniformly reinforced bonded mat, composed of chemically resistant fibres, distributed in a random open porous structure, bonded together with a thermosetting resin. The physical properties of the reinforcement base membrane shall should be as given in Table 1.

TABLE 2 REQUIREMENTS FOR PHYSICAL PROPERTIES OF BASE MEMBRANE



		SI NO.

		Characteristic

		Requirement



		1

		Weight

		40 g/m2, Min



		2

		Thickness 

		0.33 mm, Min



		3

		Breaking load in the longitudinal direction 

		23.2 N/cm, Min



		4

		Tear Strength

		9 N, Min



		4

		Porosity (At air velocity of 1 m/s)

		The inner wrap shall have a porosity, when related to pressure difference across the sample of not less than 0.55 mm and not more than 1.9 mm of water gauge	Comment by Arham Rahman: Referred AWWA C 203 standard. The porosity values are correct. Checked some industry test reports too for your reference.	Comment by User: AWWA C203 is Coal based enamel and tape. Why take the reference?

0.55 mm to 1.9 mm



		5

		Temperature resistance

		Unaffected under load in of hot bitumen at 288 °C for 1 min



		6	Comment by User: Dr.B.Duari – Refer Table 1 of IS 15337:2008. Keep same figures in table for items 1 to 6 in this table. 


		Pliability test

		no cracking when bent over a mandrel of 3 mm radius through a 90° arc angle after immersing in water for 10 to 15 minutes.







2.3 Bitumen  

The bitumen which is used for manufacturing of this tape shall conform to IS 73. 

2.4 Film Separator 

A film separator is the final layer wrapped around the tape to avoid sticking of tapes during packaging, storage or transportation. This should be a thermofusible layer made up of low density / medium density polyethylene. This layer will dissolve or fuse with subsequent bitumen layer after the application of heat.

A non thermofusible film separator can also be used, provided it is removed prior to application of tapes. 

2.5 Release Liner (For Cold Applied Tapes)

Release liners are used as a protection film for the adhesive side of the bitumen tape which should be removed prior to the application of tapes. Silicone release liners are preferable due to their ability to keep the underlying adhesive fresh and tacky.

2.6 Filler

Fillers are used to manufacture bitumen tapes in order to enhance their properties. Fillers are usually made up of minerals and other organic compounds. Mineral fillers are commonly used fillers to enhance mechanical strength and durability. Other types of fillers include rubber and polymer fillers for enhanced flexibility and adhesive properties.

2.7 Additives (Optional)

An additive may be used to enhance the anti-root property of bitumen. {2-(4-Chloro-2-methylphenoxy)-propionic acid polyglycol ester/octyl ester} are generally used chemicals. Other types of anti-root agents might be used as agreed between purchaser and supplier.   

3 PREFORMED TAPE 

Preformed tapes shall be manufactured using bitumen supported on a fabric of organic or inorganic fibres. The fabric shall be thoroughly coated and completely covered on both sides with bitumen component. These tapes shall be furnished in standard widths as recommended by the manufacturer depending upon the diameter of the pipe being wrapped. The tape shall have sufficient pliability at a temperature of 25°C to unwind from the roll without disbonding the bitumen component from the fabric. 

Preformed bitumen tapes are of two types:

a) Hot-applied

b) Cold-applied (self adhesive)

3.1 Hot Applied Preformed Bituminous Tape 

A Hot applied preformed bituminous tape is manufactured with the materials as specified in 2. It is externally protected with a film separator. The physical properties of hot applied bitumen tape shall comply with the properties specified in Table 3. 



TABLE 3 PHYSICAL PROPERTIES OF PREFORMED BITUMEN TAPE (Hot and Cold Applied)

		SI No.

		Property

		Requirement

		Test Method 



		

		

		Min

		Max

		



		1

		Width deviation

		–5% of width or – 6 mm, whichever is smaller

		+5 %

		Clause 4



		2

		Thickness

		1.25 mm

		-

		Clause 4



		3

		Thickness deviation

		–5 % of nominal thickness

		-

		Clause 4



		4

		Bitumen component melting point

		65 °C

		121 °C

		IS 1205



		5

		Penetration (25°C/100g/5sec)

		0.3 mm

		2 mm

		IS 1203



		6

		Filler percent

		20 %

		30 %

		IS 1217



		7

		Film separator thickness 

		0.25 µm

		0.50 µm

		IS 101 (Part 3/ Sec 2) 



		8

		Release liner thickness 

		50 µm

		75 µm

		IS 101 (Part 3/ Sec 2)



		9

		Tensile / Breaking Strength (N /5 cm at 23°C)	Comment by MTD: It should be Breaking strength	Comment by MTD: Discuss 


		

		

		



		

		a) Longitudinal

		300

		-

		IS 13826 (Part 1)



		

		b) Transverse

		100

		-

		IS 13826 (Part 1)



		12

		Elongation (%)

		

		

		



		

		Longitudinal

		15

		-

		IS 13826 (Part 1)



		

		Transverse

		15

		-

		IS 13826 (Part 1)



		13

		Adhesion to Primed Steel

		2.2 N/mm width

		-

		Clause 6



		14

		Water absorption

		-

		0.2 % by weight

		Clause 6



		15	Comment by Arham Rahman: Not required

		Water-vapor transmission

		-

		0.10 g/h.m2

		



		16

		Dielectric strength	Comment by User: Dr.B.Duari : Shows 15000 volts for 1 mm which is not possible. To check. Should be around 3 V/ µm

		15 V/ µm

		-

		Clause 6



		17	Comment by Arham Rahman: As per IS 16526

		Cold Flexibility / Pliability

		no crack at +2 °C

		IS 13826 (Part 2)



		18	Comment by User: Dr.B.Duari : 

Tests to be included:

19. Petrol insolubility test. 
Refer Annex C of IS 15337:2003
For using in hydrocarbon (oil and gas pipeline) and also for waterpipeline crossing hydrocarbon pipeline, petrol pump, hydocabon bodies and chemical plant.

20. Microbiological corrosion  resistivity test against sulphate reducing and sulphate oxidizing bacteria. All types of soil has bacteria.  Hence, this test is to be carried out.  
21. Root Penetration : Roots of trees are attracted towards bitumen. Root Penetration to be tested as per “BS EN 13948:2008- Flexible Sheets for Waterproofing – Bitumen, Plastics and Rubber Sheets for Roof Waterproofing- Determination of Root Penetration.”

		Adhesion to inner wrap tape

(Only applicable in case of outer wrap tape) 

		0.7 N/mm

		Clause 6







3.2 Cold Applied Preformed Bituminous Tape

Cold applied preformed bituminous tape consists of release liner, adhesive layer and bituminous tape. The tape is applied on pipeline without the use of heat, which should shall comply to application requirements mentioned below and the property requirements as given in Table 3. The cold-applied bituminous tapes should shall have a release liner as specified in 2.5 to protect the adhesive side which has to be removed at the time of application. 

These tapes shall be applied with single wrap or double wrap as agreed between the manufacturer and purchaser.

3.3 Wrapping System 

The properties of the total wrapping system shall conform to the requirements specified in Table 4. 

Table 4 Requirements of Wrapping System 

		Sl No.

		Property

		Requirement

		Test Method	Comment by MTD: Mr Arham will suggest the test methods



		

		

		Min

		Max

		



		1

		Impact Resistance Test 

		2 J/mm

		-

		6.15



		2

		Holiday Detection	Comment by MTD: Verify

		No holidays at 12 kV 

		-

		6.14



		3

		Cathodic Disbondment	Comment by MTD: AWWA C 209

		-

		15 mm

		6.16







4 DIMENSIONS

4.1 Length of Tape

The standard length of tape on one roll shall be either 10 m, 15 m or 20 m. However, the other lengths of the tape on one roll shall be as agreed between purchaser and supplier. This shall be measured using a standard measuring tape or equivalent measuring device/instrument. 

4.2 Width of Tape

[bookmark: _Hlk169104091]The standard widths of tape shall be either 150 mm, 250 mm, 500 mm or 1000 mm. However, the other widths of the tape shall be as agreed between purchaser and supplier. 

Tape of length at least 0.9 m long shall be removed from each of the 3 randomly selected rolls from each lot and place them on a smooth, flat surface. Measure the width of the specimen tape using a standard calibrated scale/tape having least count of 1 mm at not less than three locations along the length of the sample to the nearest 1 mm. 

4.3 Thickness of Tape

The standard thicknesses of tape shall be either 1.5 mm, 2 mm or 4 mm. However, the other thicknesses of the tape shall be as agreed between purchaser and supplier. 

The thickness deviation of the tape shall not be greater than 5 % from the thickness specified. In no case shall the thickness of the tape be less than 1.25 mm. Thickness shall be measured in accordance with B-2 of IS 7193 : 2013



5 APPLICATION OF WRAPPING TAPES

5.1 General Requirement 

When heated to a condition permitting conformation to the surface to be coated, the tape shall withstand, without tearing, the tensile force necessary to obtain a tightly wrapped coating free of voids. The tape shall provide a minimum thickness of 0.38 mm of coating between the steel surface and the inner face of the fabric when applied under the tension necessary to provide a void-free wrap. 

5.1 Field Application of Primer

5.1.1 Special sections, pipe connections, or fittings shall be free of all rust, weld spatter or other contaminants before application of primer. The primer shall be applied by brush, glove, or spray to give a coating thickness that is approximately 0.1 mm when wet. The primer shall become “touch dry” before commencing the application of the tape. This method of application of primer shall be applicable to both hot as well as cold applied tapes. 

 5.1.2 If application is done in cold weather, the surface of the pipe shall be preheated until it is warm to the touch and traces of moisture have been removed. The primer shall be then applied and allowed to dry before proceeding with the application of the tape. 

5.2 Field Application of Tape – Hot Applied Preformed Tapes

The tape shall be wrapped in accordance with the manufacturer's recommendations in a manner that shall meet the requirements of this standard. 

The tape shall be torch heated until it starts softening. Place the tape with heated side down on the primed surface which is being coated. Start wrapping the tape circumferentially or spirally (recommended for smaller diameter pipes) whilst heating the tape to achieve maximum adhesion with the primed surface. 

In any event, there shall be a minimum of 12 mm overlap between each wrap. The overlaps should be sealed using heat and trowel ensuring a smooth and even finish. In application, care shall be taken that there are no air pockets or bubbles beneath the tape. The tape should be in intimate contact with the primed steel. 

These tapes shall be applied with single wrap or double wrap as agreed between the manufacturer and purchaser.

The manufacturer shall provide assistance in demonstrating the proper method of application if requested by the contractor or purchaser. 

5.3 Field Application of Tape – Cold Applied Preformed Tapes

The tape shall be wrapped in accordance with the manufacturer's recommendations in a manner that shall meet requirements of this standard. 

Approximately 1m of the release liner from the self-adhesive tape shall be removed before placing the adhesive side of the tape on the primed surface. The subsequent remaining adhesive side of the tape is applied incrementally as the release liner is removed to facilitate immediate contact of the adhesive side with the primed steel surface. 

A mechanical roller may be used to avoid any bubbles or air entrapment. The wraps are made circumferentially or spirally (recommended for smaller diameter pipes). In any event, there shall be a minimum of 12 mm overlap between each wrap, or as per manufacturer recommendations. In application, care shall be taken that there are no air pockets or bubbles beneath the tape. 

These tapes shall be applied with single wrap or double wrap as agreed between the manufacturer and purchaser.

The tape should be in intimate contact with the primed steel. The manufacturer shall provide assistance in demonstrating the proper method of application if requested by the contractor or purchaser.



6. TESTS 



6.9 Adhesion Test	Comment by MTD: Please review if this test is applicable, make necessary modifications.	Comment by Arham Rahman: Its correct

6.9.1 The method for conducting pipe coating adhesion test to steel surface is described below. The tests shall be performed between 21 °C and 24 °C to achieve proper values. Adhesion test should be carried out after 24 h of application of the coating.

6.9.2 Adhesion test area

The adhesion test area shall be prepared in four steps: 

1. A circumferential strip measuring 25 mm wide × 375 mm long shall be marked on the coated pipe surface. 

1. The marked area shall then be cut to the steel substrate along the marked area on three sides (top and sides). 

1. A 25 mm strip shall be pried away from the substrate at the top end and attached with a suitable clamp to a pulling tension scale capable of measuring 0 kg to 23 kg. 

1. The coated pipe shall then be marked at 25 mm increments along the length of a cut side with numbers from 1 to 12. 

6.9.3 Adhesion test procedure

The adhesion test shall be conducted and evaluated in the following manner: 

1. Pull the tension scale at an angle of 180° to the pipe surface at a rate of 25 mm per 5 seconds continuously for 1 min. 

1. The pull tension value shall be recorded for each 25 mm of pull. A minimum of twelve values shall be recorded. 

1. The two highest and two lowest values shall be excluded and the remaining eight values shall be averaged and recorded. 

6.9.4 Record the separation mode exhibited during peel test. Primer separation from the steel surface during peel test is not an acceptable separation mode.  

6.9.5 Rejection

An adhesion value below the requirement shall be considered a non-satisfactory result. In this situation, if the result is at least 90 percent of the requirement, two additional tests shall be made at two different locations on the same pipe. If the initial result is less than 90 percent of the requirement, or if either of the additional two tests fail to meet the requirement, the coating shall be repaired or rejected. If the coating fails an adhesion test, the test shall be repeated for the pipe coated prior to and after the failed pipe. This process shall be repeated until satisfactory results are obtained. All coated pipe where the requirement is not met shall be repaired or rejected. 

6.9.6 The adhesion or peel force of the outer tape to inner tape shall also be conducted as above. This test is a laboratory test and not a field test. The minimum peel force or adhesion shall be as specified in Table 3.

11.9.7 Frequency of testing of adhesion shall be performed as agreed between supplier and user. 

11.9.8 Adhesion test areas shall be repaired as per clause 7.



6.10 Water Absorption Test 	Comment by MTD: Please review if this test is applicable, make necessary modifications.
	Comment by Arham Rahman: Correct

6.10.1 Apparatus 

1. Weighing Scale ― An analytical balance capable of reading 0.000 1 g, and

1. Oven ― Capable of maintaining uniform temperatures of 50 ± 3 °C.



6.10.2 Test Specimen 

This test is only applicable to inner layer tape. The test specimen size shall be 60 mm × 60 mm. The test specimens shall have smooth edges free from cracks. 

6.10.3 Procedure

Either of the following two procedures can be used:

1. Twenty-four-hour immersion ― The conditioned specimens shall be placed in a container of distilled water maintained at a temperature of 23 ± 1 °C and shall rest on edge and be entirely immersed for the period of 24 h. At the end of 24 h, the specimens shall be removed from the water one at a time, all surface water wiped off with a dry cloth, weigh to the nearest 0.001 g immediately. If the specimen is 1.5 mm or less in thickness, it shall be put in a weighing bottle immediately after wiping and weighed in the bottle.

1. Two-Hour Boiling Water Immersion —The conditioned specimens shall be placed in a container of boiling distilled water, and shall be supported on edge and be entirely immersed. At the end of 120 ± 4 min, the specimens shall be removed from the water and cooled in distilled water maintained at room temperature. After 15 ± 1 min, the specimens shall be removed from the water, one at a time, all surface water removed with a dry cloth, and the specimens weighed to the nearest 0.001 g immediately. If the specimen is 1.5 mm or less in thickness, it shall be weighed in a weighing bottle.

6.10.4 Calculation



Percentage increase in weight during immersion, calculated to the nearest 0.01 % as follows.

Increase in weight percent =× 100

6.11 Water Vapor Transmission	Comment by MTD: Please review if this test is applicable, make necessary modifications.
	Comment by Arham Rahman: This test not required

6.11.1 Apparatus

6.11.1.1 Test dish 

The test dish shall be of any non-corroding material, impermeable to water or water vapor. The mouth of the test dish shall be as large as practical. 



6.11.1.2 Attach the specimen to the test dish in such a manner that the test dish mouth defines the area of the specimen exposed to vapor pressure in the test dish. 



6.11.1.3 The sealant used for attaching the specimen to the dish shall be highly resistant to passage of water vapor. It must not affect the vapor pressure in water filled dish. Molten wax /equivalent shall be used as sealant material. 



6.11.2 Test chamber 

The cabinet where the assembled test dishes are to be placed shall have a controlled temperature and relative humidity. 

The temperature chosen shall be between 21 °C and 32 °C and shall be maintained constant within ±1 °C. The temperature of chamber walls facing to the specimen over water should not be cooler than water to avoid condensation on the test specimen.

The relative humidity shall be maintained at (50 ± 2) %. Both temperature and relative humidity shall be recorded continuously.

Air shall be continuously circulated throughout the chamber, with a velocity sufficient to maintain uniform conditions at all test locations. The air velocity over the specimen shall be between 0.02 m/s and 0.3 m/s. 

6.11.3 Balance and Weights

Analytical balance shall be used for measuring weight change during the test period and shall be sensitive to a change smaller than 0.001 g of the weight during the period when a steady state is considered to exist. 



6.11.4 Test Specimens

The sample shall be of uniform thickness. If the material is of nonsymmetrical construction, the two faces shall be designated by distinguishing marks (for example, on a one- side-coated sample, I for the coated side and II for the uncoated side).  Test specimens shall be representative of the material tested. When a product is designed for use in only one position, three specimens shall be tested by the same method with the vapor flow in the designated direction. 

The overall thickness of each specimen shall be measured at the center of each quadrant and the results should be averaged. Measurement of specimens of 3 mm or less in thickness shall be made to three decimal digits. 

6.11.5 Test Procedure

Fill the test dish with distilled water to a level 19 ± 6 mm from the specimen. The air space thus allowed has a small vapor resistance, but it is necessary in order to reduce the risk of water touching the specimen when the dish is handled. 

Attach the specimen to the dish and place it in the controlled chamber, specimen up, weighing it immediately. 

Weight the dish assembly every hour over the 24 h test period to provide at least 20 data points during the test. A data point is the weight at a particular time. The time that the weight is made shall be recorded to a precision approximately 1% of the time span between successive weighing. Weighing shall be accomplished without removal of the test dishes from the controlled atmosphere.

Relative humidity and the temperature in the controlled chamber shall also be continuously recorded.  

6.11.6 Calculation for Water Vapor Transmission (WVT) and Permeance (Perms)

The water vapor transmission (WVT) rate shall be calculated using the following formula.



where



G = weight change, g

t = time during which G occurred, h 

G/t = slope of the straight line, g/h

A = test area (cup mouth area), m2, and 

WVT = rate of vapor transmission, g/h.m2







The permeance (Perms) shall be calculated using the following formula



 where

Permeance =  =  × 100

 = vapor pressure difference in mm Hg (1.333 × 102 Pa)

S = saturation vapor pressure at test temperature, mm Hg

R1 = relative humidity at the source (in the test dish) expressed as a fraction, and

R2 = relative humidity at the vapor sink (controlled chamber) expressed as a fraction.

6.12 Dielectric Strength	Comment by MTD: Please review if this test is applicable, make necessary modifications.
	Comment by Arham Rahman: Correct

6.12.1 Apparatus

6.12.1.1 Voltage source 

Obtain the test voltage from a step-up transformer supplied from variable sinusoidal low-voltage source. The transformer, its voltage source, and the associated controls shall have the following capabilities: The ratio of crest to root-mean-square (rms) test voltage shall be equal to 1.34 to 1.48, with the test specimen in the circuit, at all voltages greater than 50 percent of the breakdown voltage. The capacity of the source shall be sufficient to maintain the test voltage until dielectric breakdown occurs. 

6.12.1.2 Voltage measurement

A voltmeter must be provided for measuring the rms test voltage. The overall error of the voltage-measuring circuit shall not exceed 5 percent of the measured value. The voltmeter shall be such that its time lag is not greater than 1 percent of full scale at any rate-of-rise used.

6.12.1.3 Electrodes

Opposing cylinders; the lower one 75 mm in diameter, 15 mm thick; the upper one 25 mm in diameter, 25 mm thick; with edges of both rounded to 3 mm in radius. The entire flat area of the electrode should be in contact with test specimen.  The flatness and surface finish of the electrode faces must be such that the faces are in close contact with the test specimen over the entire area of the electrodes.

6.12.2 Test Specimens

Take 5 samples from areas that are not immediately adjacent to obvious defects or discontinuities in the material. The outer few layers of roll material, or material immediately next to an edge of a sheet or roll should be avoided. When flat-faced electrodes are to be used, the surfaces of the specimens which are in contact with the electrodes shall be smooth parallel planes.  

The recommended test specimen type for this test is a 101 mm plaque or larger. Test specimens over 2 mm thick are typically tested in oil to decrease the chance of flashover before breakdown. 

6.12.3 Procedure

Voltage is applied across the two electrodes and raised from zero to dielectric breakdown at a suitable uniform rate of 100/200/500/1 000/2 000 V/s (generally 500 V/s), which gives an average time to breakdown of between 10 and 20 s, until breakdown. Breakdown is when an electrical burn-through punctures the sample, or decomposition occurs in the specimen. The rate of voltage rise is determined by the time it takes the sample to reach dielectric breakdown.  This test is done commonly in air because of adhesive layer at one side.

6.12.4 Calculation

1. Calculate the dielectric strength in kV/mm at breakdown;

1. Dielectric strength = Breakdown voltage / Thickness of sample; and 

Calculate the average dielectric strength of 5 samples.



6.14 Holiday Detection	Comment by MTD: Verify
	Comment by Arham Rahman: Correct

Holiday Test is for locating discontinuities in a coating. The instrument is used for this test is pulse type holiday detector which supplies a high voltage pulse for very short duration.

6.14.1 Grounding

Grounding both the pipe metal and the ground terminal of the holiday detector is necessary to complete the circuit.



6.14.2 Electrode Travel Speed

Pulse type holiday detector allows higher speed of travel of electrode. The minimum speed shall be 0.3 m/sec. 



6.14.3 Voltage Measurements

Voltage measurements of pulse type detectors shall be made with kilovolt meter. The electrode must in normal operating position on coated surface in a holiday free area. The voltage shall be measured between the electrode and the pipe.



6.14.4 Condition of Coating Surface

If the coated surface has excessive moisture, the coating system can cause appreciable leakage currents and cause erroneous holiday indication. Drying and leaning of the coated surface must be necessary.



6.14.5 Testing Voltage Calculation: 

Minimum testing voltage of a coating is given by the formula:



Testing Voltage V = 7 900  is the target; at ± 20 % of the target is the allowed range, T is average total coating thickness in mm.

6.15 Impact Resistance Test 	Comment by MTD: Verify 
Add requirements for Impact test 
	Comment by MTD: Verified. Its correct. 

The test method consists of measuring the resistance of the coating to impact damage by dropping a spherical impactor on to the applied coating with a determined impact energy.

Freedom from damage is assessed by testing the impact site using a high voltage holiday detector.

6.15.1 Apparatus

The apparatus (see Fig. 1) shall consist of a weighted impactor (13) with a calibrated vertical guide (14) aligned over a horizontal support (6) for the coated test specimen (5).

The 25 ± 0.1 mm diameter hemispherical hardened steel impactor (4) shall be fixed centrally to the lower end of a cylindrical steel falling body (outside diameter 35 ± 0.5 mm) (13). The impactor shall be free from damage or irregularities.

[image: ]

		1. 

		Moving weight guide slot 

(1 000 mm × 10 mm)

		9

		Gudgeon support (steel pillar)



		1. 

		Drop tube (40 mm)

		10

		Fixed support



		1. 

		Moving weight guide

		11

		Three air release slots

(10 mm × 1 000 mm)



		1. 

		Impactor ( 25 mm)

		12

		Support base (thickness 20 mm)



		1. 

		Specimen (coated steel pipe with 100mm nominal bore diameter)

		13

		Steel falling body (35 mm)



		1. 

		Support bar (75 mm)

		14

		Moving weight guide



		1. 

		Pintle (20 mm)

		15

		Drop tube



		1. 

		Support bar clamp

		

		





All dimensions in millimetres

FIG. 1 IMPACT TESTER

Total falling weights are given in Table 6:

Table 6 Impact energy

(Clause 6.15.1)

		Impact energy

J

		Total falling weight

g

		Drop height

mm



		4

		408 ± 2

		1 000 ± 5



		8

		815 ± 4

		1 000 ± 5



		15

		1 529 ± 7

		1 000 ± 5



		30

		3 058 ± 15

		1 000 ± 5







To determine intermediate values of impact resistance the drop height may be varied using the nearest higher falling weight.

The vertical guide consists of a vertical tube with internal diameter 40 ± 0.5 mm (2), (15) with four 10 mm wide and 1 000 mm long slots (1), (11) (one for guide (3), (14) and three for air release (11)) or an equal device capable of guiding the fall of the weighted impactor with minimum friction on to the specimen from a predetermined height of up to 1 000 mm (impact energy see table 6). A device for measuring the drop height with an accuracy of 5 mm shall be provided.

The horizontal specimen support (6) consists of a 75 mm diameter cylindrical steel bar supported at each end on steel pillars 60 mm high (9), (10). One end of the horizontal bar shall be hinged (7) and the other shall be clamped (8) (see fig.1). The length of the bar (6) between the pillars shall be 400 ± 5 mm.

1. Length of 100 mm nominal bore diameter steel pipe shall be 250 mm and minimum wall thickness of 3 mm (5),

1. A high voltage holiday detector with a single probe capable of being set to a voltage of up to 15 ± 0.5 kV.

6.15.2 Preparation of test specimens

Prepare the surface of the pipe in accordance with the manufacturer's instruction. 

6.15.3 Tapes

The required number of layers of each tape specified by the manufacturer shall be applied to the entire pipe length in accordance with the manufacturer's instruction except that they shall be applied spirally, edge to edge, without overlaps.

6.15.4 Shrinkable Materials

Shrinkable material coatings shall be applied to the entire pipe length in accordance with the manufacturer's instruction.

6.15.5 Procedure

Condition the coated test specimen for at least 2 h at 23 ± 12 °C. Support the coated test specimen on the horizontal support (6) (steel bar) of the test apparatus so that the impactor (4) shall fall vertically on to the crown.

Adjust the impact energy to the value specified in table 6 appropriate to the class of coating with an accuracy of 0.5 %.

Allow the weighted impactor (13) to fall freely on the test specimen. Carefully raise the impactor (4) and test the impact site with high voltage holiday detector at a test voltage of 5 kV/mm of original thickness of the coating with a maximum of 15 kV.

Carry out 10 separate impacts on sites at least 30 mm apart.

Increase the impact energy by increments of 1 J and plot the impact energy against the number of perforations to obtain the maximum impact resistance.

6.15.6 Expression of Results

The coating shall pass the test at the specified impact energy if no holidays are recorded after 10 impacts. The maximum impact resistance shall be taken as the impact energy at the point of inflexion on the graph where the number of perforations increases rapidly.

6.16 Cathodic Disbondment Test 	Comment by MTD: As per ASTM G-8


6.16.1 Apparatus 

6.16.1.1 Test Vessel

A nonconducting material shall be used for the vessel or as a lining in a metallic vessel. Dimensions of the vessel shall permit the following requirements: 

a) Test specimens shall be suspended vertically in the vessel with at least 25.4 mm clearance from the bottom. 

b) Each test specimen shall be separated from the other specimens, from the anodes and from the walls of the test vessel by at least 38.1 mm.

Depth of electrolyte shall permit the test length of the specimen to be immersed as required in 6.16.3.4.  The reference electrode may be placed anywhere in the vessel, provided it is separated from the specimen and from the anode by not less than 38.1 mm. 
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NOTE 1—Test hole made in non-immersed area after testing not shown (see Fig. 3).

FIG. 2 Test Assembly for Cathodic Disbondment Test Using a Magnesium Anode

6.16.1.2 Magnesium Anode

The anode shall be made of a magnesium alloy having a solution potential of − 1.45 V to − 1.55 V with respect to a CuCuSO4 reference electrode in the electrolyte given in 6.16.12. It shall have a surface area not less than one third that of the total specimen area exposed to electrolyte (outside area exposed only). The anode shall be provided with a factory-sealed, 2.08 mm2, minimum, insulated copper wire. Anodes without a factory seal may be used if the magnesium extends above the cover. 

6.16.1.3 Connectors

Wiring from anode to test specimen shall be 2.08 mm2, minimum, insulated copper. Attachment to the test specimen shall be by soldering, brazing, or bolting to the non-immersed end, and the place of attachment shall be coated with an insulating material. A junction in the connecting wire is permitted, provided that it is made by means of a bolted pair of terminal lugs soldered or mechanically crimped to clean wire ends. 



[image: ]

Fig 3 Recommended Dimensions for Specimen

6.16.1.4 Holiday Tools

Holidays shall be made with conventional drills of the required diameter. For use in preparing small-diameter pipe specimens such as 19.05 mm nominal diameter pipe, the use of a drill modified by substantially grinding away the sharp cone point has been found effective in preventing perforation of the metal wall of the pipe.

A sharp-pointed knife with a safe handle is required for use in making physical examinations.

6.16.1.5 High-Resistance Voltmeter, for direct current, having an internal resistance of not less than 10 MV and having a range from 0.01 V to 5 V for measuring potential to the reference electrode.

6.16.1.6 Reference Electrode, saturated CuCuSO4 of conventional glass or plastic tube with porous plug construction, preferably not over 19.05 mm in diameter, having a potential of − 0.316 V with respect to the standard hydrogen electrode. A calomel electrode may be used, but measurements made with it shall be converted to the CuCuSO4 reference for reporting by adding − 0.072 V to the observed reading.

6.16.1.7 Thickness Gage, for measuring coating thickness.

6.16.1.8 Thermometer, for measuring electrolyte temperature, general lab type, 1° subdivisions, 76.2 mm immersion.

6.16.2 Reagent and Materials

6.16.2.1 The electrolyte shall consist of potable tap water with the addition of 1 mass % of each of the following technical grade salts, calculated on an anhydrous basis: sodium chloride, sodium sulphate, and sodium carbonate. Use freshly prepared solution for each test.

6.16.2.2 Materials for sealing the ends of coated pipe specimens may consist of bituminous products, wax, epoxy, or other materials, including moulded elastomeric or plastic end caps.

6.16.2.3 Plywood or plastic material has been found suitable for the construction of test vessel covers and for the support through apertures of test specimens and electrodes. Wood dowels introduced through holes in the top ends of test specimens have been found suitable for suspending test specimens from the vessel cover.

6.16.3 Test Specimen

6.16.3.1 The test specimen shall be a representative piece of production-coated pipe. One end shall be plugged or capped, and sealed.

6.16.3.2 One or three holidays shall be made in each specimen. Three holidays are recommended. Recommended dimensions are given in Fig. 3. A specimen with one holiday shall have it drilled in the middle of the immersed length. If three holidays are used, they shall be drilled 120° apart with one in the centre and the other two at locations one fourth the distance from top and bottom of the immersed test length. Each holiday shall be drilled so that the angular cone point of the drill will fully enter the steel where the cylindrical portion of the drill meets the steel surface. The drill diameter shall be not less than three times the coating thickness, but it shall never be smaller than 6.35 mm in diameter. The steel wall of the pipe shall not be perforated. With small-diameter pipes, where there is danger of perforating the pipe, the holiday shall be started with a standard 60° cone point and finished with a drill that has had a substantial portion of the cone point ground away.

NOTE — Before making the holiday, see 6.16.4.1.

6.16.3.3 The end of the pipe which will protrude above the immersion line shall be provided with suitable supporting means and a separate wire connection for electrical purposes, soldered, brazed, or bolted to the pipe. The protruding end, including hanger and wire connections, shall be protected and sealed with an insulating coating material.

6.16.3.4 The specimen test area shall consist of the area between the edge of the bottom end seal and the immersion line. The bottom end seal area shall not be considered part of the area tested. Any suitable diameter and specimen length of pipe may be used, but the immersed area shall be not less than 23 227 mm2. An area of 92 900 mm2 has been found preferable when convenient.

6.16.4 Specimen Preparation

6.16.4.1 Before making artificial holidays, verify the continuity of the coating and the effectiveness of the end-cap seal as follows:

6.16.4.1.1 Immerse the test specimen and a metallic electrode in the electrolyte. Connect one terminal of the multimeter to the test specimen and the other terminal to the metallic electrode. Measure the apparent resistance in ohms, making two determinations: one with the specimen connected to the positive terminal of the multimeter; and one with the specimen connected to the negative terminal.

6.16.4.1.2 Disconnect the specimen from the multimeter but leave it immersed for 15 min. Then, measure the resistance again as in 6.16.4.1.1.

6.16.4.1.3 A significant decrease in either resistance reading after 15 min will indicate a flaw in the coating or end-cap seal. Reject the specimen if the flaw is identified in the coating. If the flaw is in the end-cap seal, it may be repaired and the resistance remeasured as in 6.16.4.1.1 and 6.16.4.1.2.

6.16.4.1.4 The lowest resistance after 15 min of immersion shall be not less than 1000 MV but a stable reading below 1000 MV may not indicate a flaw and the specimen may be used for test. All resistance measurements shall be reported in the results.

6.16.4.2 Record initial holiday diameter(s).

6.16.4.3 Measure and record the minimum and maximum coating thickness, and the thickness where each holiday is made.

6.16.5 Procedure

6.16.5.1 Immerse the test specimen in the electrolyte and connect it to the anode as shown in Fig. 2. Position the middle or single holiday so that it faces away from the anode. Space the anode with respect to test specimens as described in 6.16.1.1. Mark the correct immersion level of the test specimen with a grease pencil and maintain by daily additions of potable water as required. Perform the test at electrolyte temperature of 21 °C to 25 °C.

6.16.5.1.1 In order to ascertain that the test cell is functioning, measure the potential between test specimen and a reference electrode immediately after starting the test and immediately before terminating it. Use temporary connections and instrumentation, as shown in Fig. 2. The potential measured shall be −1.45 V to −1.55 V with respect to a CuCuSO4 reference electrode. Use the instrument described in 6.16.1.5.

6.16.5.2 Duration of the test period shall be 30 days. Optionally, other test periods such as 60 or 90 days may be used.

6.16.5.3 An examination shall be performed immediately upon termination of the test period as follows:

6.16.5.3.1 At the end of the test period, disassemble the cell and rinse the test area with warm tap water. Immediately wipe the sample dry and visually examine the entire test area for any evidence of unintentional holidays and loosening of coating at the edge of all holidays, including the intentional holiday, and record coating condition, for example, colour, blisters, cracking, crazing, adhering deposits, etc.

6.16.5.3.2 Drill a new reference holiday in the coating in an area that was not immersed. Follow the same drilling procedure as described in 6.16.3.2.

6.16.5.3.3 Make radial 45° cuts through the coating intersecting at the centre of both the intentional holiday and the reference holiday with a sharp, thin-bladed knife. Take care to ensure that coating is cut completely through to the steel substrate.

6.16.5.3.4 Attempt to lift the coating at both the reference holiday and the intentional holiday with the point of a sharp, thin-bladed knife. Use the bond at the reference holiday as a reference for judging the quality of the bond at the intentional holiday. Measure and record the total area of disbonded coating at the intentional holiday.

NOTE —The use of a transparent film having a grid laid out in small squares such as 2.54 mm on a side has been found useful. The film is placed against the unsealed area and the boundary of the unsealed area traced on the grid. The area is then obtained by counting the squares within the bonded area.
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Fig 4 Suggested form for presenting data



6.16.6 Test Report 

The report shall include the following information (see Fig. 4):

a) Complete identification of the test specimen, including:

b) Name and code number of the coating,

c) Size and wall thickness of pipe,

d) Source, production date, and production run number,

e) Minimum-maximum coating thickness, average thickness and the thickness at the holiday,

f) Immersed area,

g) Size and number of initial holidays, and

h) Resistance measurements verifying continuity of the coating and effectiveness of the end cap seal as required in 6.16.4.1.

i) Dates of starting and terminating test.

j) Tally of areas that have been found unsealed on the terminal date. Areas may be reported in square millimetres (square inches) or millimetres (inches) of equivalent circle diameter of the area, or both. If more than one holiday was used, the area per holiday may be reported as an average.

NOTE 4—Equivalent Circle Diameter (ECD) is obtained from the formula:

ECD = (A/0.785)1/2

where:

A = area of holiday, mm2 

k) Other information that may be pertinent.

6.16.7 Precision and Bias

6.16.7.1 Precision data are limited to two adjacent specimens taken from the same production-coated pipe and assume that the production process was uniform with respect to pipe surface condition and coating material. Specimens that were not adjacent in the as-produced condition or were taken from different lengths of pipe may represent differing process conditions. The following data should be used for judging the acceptability of results: (These precision data are approximations based on limited data, but they provide a reasonable basis for judging the significance of results.)

6.16.7.2 Repeatability

Duplicate results by the same worker should not be considered suspect unless they differ by more than 12.7 mm in value ECD in accordance with the following equation:

ECD = (A/0.785)1/2

where:

A = unsealed area developed from 1 artificial holiday, mm2

6.16.7.3 Reproducibility

The results reported by one laboratory should not be considered suspect unless they differ from those of another laboratory by more than 25 mm for value ECD in the equation given in 6.16.7.2.



7. Tape coating repair

Damages, flawed areas, holidays, or mislaps to tape coatings applied to pipe and fittings from any cause during installation and before final acceptance shall be repaired by peeling back and removing the tape layers from the affected area. The repair area shall be brushed with a primer, the defective areas can be repaired by one of the following methods:

a) a length of tape shall be circumferentially wrapped around the pipe to cover the defective area,

b) a patch of tape shall be applied directly to the defective area. 

A patch repair shall only be used for damage with a greatest dimension not exceeding 150 mm using a tape as recommended by the tape manufacturer. When applying a patch repair, the repair tape shall be applied in a circumferential direction followed by application of repair tape longitudinally at the ends of the applied repair tape to further secure the patch to the tape coating. Multiple patch layers may be needed to achieve the required buildup and patch thickness in the repair area. The minimum lap at the damaged area shall be 100 mm all around for both (a) and (b) listed previously.

For areas of larger damage, the full circumferential repair wrap method shall be used. For larger-diameter pipes and in some installation conditions, an alternative repair procedure may be permitted with agreement between the tape manufacturer and the purchaser.

7.1 Field Joints

Field joints should be covered with the same bituminous tape applied on the rest of the pipeline. The minimum overlaps in this area should be 50 mm. The area should be thoroughly cleaned and primed before the application. The minimum recommended coating thickness for field joints is 4 mm.



8. SAMPLING AND CRITERION FOR CONFORMITY 

8.1 The scale of sampling shall be as per 3 of IS 8402.

8.2 Criteria for Conformity

The lot shall be declared as conforming to the requirements of the specification if test results as obtained meets the corresponding requirements given in the standard.

9. PACKAGING AND MARKING

9.1 Packaging

Packaging should be agreed between purchaser and supplier. 

9.2 Marking

9.2.1 Each tape shall be marked with following information:

a) Trademark or Brand name;

b) Product Name/Type; 

c) Thickness of tape; and

d) Batch or lot number.

9.2.2 Each packaging shall be marked legibly with the following information:

a) Name and type of material;

b) Thickness of material

c) Indication of source of manufacture;

d) Month and Year of manufacture;

e) Length and width of the tape;

f) Batch number of manufacture; 

g) Directions for storage and use; and

h) Any other information relating to retention of quality of the tape at the customer’s end including guidelines regarding storage of the tapes and primer.

9.3 BIS Certification Marking

The product(s) conforming to the requirements of this standard may be certified as per the conformity assessment

schemes under the provisions of the Bureau of Indian Standards Act, 2016 and the Rules and Regulations framed

thereunder, and the products may be marked with the Standard Mark.



9.4 Handling, Transportation and Storage of Coated Pipes

The care shall be taken to load, unload, transport and stock pile the coated pipes within the coating plant using suitable means to avoid damage to the pipe and coating. It shall be agreed prior to commencement of work.

Coated pipes may be handled by means of slings of belts of proper width (minimum 60 mm) made of non-abrasive / non-metallic materials. The pipes shall be stacked completely clear from the ground at least 300 mm so that bottom row of pipes remain free from any surface water. The pipes shall be stacked at a slope so that draining rain does not collect inside the pipe. The lorries used for transportation shall be equipped with adequate pipe supports having as many round hollow beds as there are pipes to be placed on the bottom of the lorry bed. Total width of supports shall be at least 5 percent of the pipe length and minimum 3 in number support shall be provided.
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REVIEW ANALYSIS OF INDIAN STANDARD

(To be submitted to the Sectional Committee)



1. Sectional Committee No. & Title: MTD 24	



2. IS No: IS 1573 : 1986

3. Title: Specification for electroplated coatings of zinc on iron and steel (Second Revision)



4. Date of review: 26/11/2022



5. Review Analysis



i) Status of standard(s), if any from which assistance had been drawn in the formulation of this IS.



		[bookmark: _Hlk37918499]Standard

(No. & Title)

		Whether the standard has since been revised 

		Major changes

		Action proposed



		NIL

		NIL

		NIL

		NIL









ii) Status of standards referred in the IS



		Referred standards

(No. & Title)

		IS No. of this standards since revised

		Changes that are of affecting the standard under review

		Action proposed



		IS 349 : 1981 

Lacquer, Cellulose Nitrate, Clear, Finishing, Glossy For Metal (Withdrawn)

		Previous Standard withdrawn. No revised standard available.  

		IS: 5691-1970 (Specification For Lacquer, Cellulose Nitrate,

Pigmented, Finishing, Glossy) may be incorporated in case basis metal is used for the application of metal and steel parts of automobiles and other vehicle bodies.

		Refer to relevant Standard and Standard may be referred in place of IS 349  



		IS 3618, IS 9844, IS 3194, IS 9839, IS 8602, IS 3203 

		No revised standards available. Standards are older than year 1986.  

		It is recommended to revise the referred standards in accordance with modern technological advancement and practices. 

		It is recommended to revise the referred standards in accordance with modern technological advancement and practices. 









iii) Any other standards available related to the subject & scope of the standard being reviewed (International/regional/other national/association/consortia, etc. or of new or revision of existing Indian Standard)



		Standard

(No. & Title)

		Provisions that could be relevant while reviewing the IS

		Action proposed



		ASTM B633-23 



Standard Specification for Electrodeposited Coatings of Zinc on Iron and Steel 

		1. From the Scope in the IS 1573, electroplating of fasteners may be added apart from electroplating of sheet or wire.

2. Type F may be added in Table 1 of IS 1573 to permit non-chromate passivate treatments to be used in replacement of hexavalent chromium.

3. In Cl 6.1.1, 6.3, 6.4 of IS 1573 value of 1050 MPa may be substituted by 1000 MPa.





		Changes may be incorporated 













iv) Technical comments on the standard received, if any



		[bookmark: _Hlk37918937]Source

		Clause of IS

		Comment

		Action proposed



		

NIL

		

		Mailed to NML and followed up through telephonic conversation. No reply received. 

		







v) Information available on technical developments that have taken place (on product/processes/practices/use or application/testing/input materials, etc)



		Source

		Development

		Relevant clause of the IS under review that is likely to be impacted 

(Clause & IS No.)

		Action proposed



		NIL

		

		

		







vi) Issues arising out of changes in any related IS or due to formulation of new Indian Standard



		[bookmark: _Hlk37919100]Related IS and its Title

(revised or new)

		Provision in the IS under review that would be impacted & the clause no. or addition of new clause/provision

		Changes that may be necessary in the Standards under review

		Action proposed



		

NIL

		

		

		







vii) Any consequential changes to be considered in other IS



		IS No.

		IS Title

		Requirements to be impacted



		IS 802 : Part 1 : Sec 1 : 2015

		Use of structural steel in overhead transmission line towers - Code of practice: Part 1 materials, loads and design strengths: sec 1 materials and loads (Fourth Revision)

		Reference of revised IS 1573 to be incorporated in the mentioned Indian Standard after revision as IS 1573 : 1986 is Referred in following Indian Standards



		IS 802 : Part 2 : 1978

		Code of practice for use of structural steel in overhead transmission line towers: Part 2 fabrication galvanizing, inspection and packing

		



		IS 903 : 1993

		Specification for Fire Hose Delivery Couplings, Branch Pipe, Nozzles And Nozzle Spanner - Specificaion

		



		IS 1134 : 2004

		Bicycles bottom bracket lock ring - Specification (Third Revision)

		



		IS 1132 : 2009

		Bicycle - Bottom bracket ball cups - Specification (Third Revision)

		



		IS 1131 : 2006

		Bicycle bottom bracket specification (Third Revision)

		



		IS 532 : 2006

		Bicycle tube valves and valve - Tubing - Specification (Third Revision)

		



		IS 629 : 2013

		Bicycle - Hub assembly - Specification (Third Revision)

		



		IS 1711 : 1984

		Specification for self - Closing taps for water supply purposes (second revision)

		



		IS 11030 : 1984

		Specification for moped seat pillars

		



		IS 11072 : 1984

		Specification for ice daggers for mountaineering

		



		IS 9802 : 1987

		Specification for adjustable crampons for mountaineering (First Revision)

		



		IS 4009 : Part 3 : 1995

		Lubritcating Equipment - Grease Nipples Part 3 Cup Type - Specification

		



		IS 4561 : Part 5 : 1968

		Specification for oil cans: Part 5 lever type oil cans

		



		IS 5548 : 1970

		SpeciftCation for lubricating nipple adaptors

		



		IS 5559 : 1984

		Specification for oilers (First Revision)

		



		IS 14279 : 1995

		Lubricating equipment - Barrel transfer pumps for grease specification

		



		IS 12933 : Part 2 : 2003

		Solar flat plate collector - Specification: Part 2 components (Second Revision)

		



		IS 8060 : 1976

		Specification for heel - Tip and toe - Tip with nails for footwear

		



		IS 15275 : 2003

		Padlocks - Specification

		



		IS 6680 : 1992

		Railway carriagefans - Specification (First Revision)

		



		IS 5613 : Part 3 : Sec 1 : 1989

		Code of practice for design, installation and maintenance for overhead power lines: Part 3 400 kV lines: Sec 1 design

		



		IS 9708 : 1993

		Stockbridge vibration dampers for overhead power lines - Specification (First Revision)

		



		IS 2980 : 1999

		Non - Pressure stoves - Specification (Third Revision)

		



		IS 1384 : 1999

		Oil pressure lanterns - Specification (Third Revision)

		



		IS 5930 : 1970

		Specification for mortice latch (Vertical Type)

		



		IS 6755 : 1980

		Specification for double coil helical spring washers (First Revision)

		



		IS 6862 : 2005

		Clews pins without head (Second Revision)

		



		IS 6863 : 2005

		Clevis pins with head (Second Revision)

		



		IS 12205 : 1988

		Bicycle Hub Assembly - PH Type

		



		IS 10209 : 1982

		Specification for electroplated coatings of Tin - Lead alloys (Solder)

		



		IS 2633 : 1986

		Method for testing uniformity of coating on zinc coated articles (Second Revision)

		



		IS 2486 : Part 1 : 1993

		Metal fittings of insulators for overhead power lines with nominal voltage greater than 1000 V - Specification: Part 1 general requirements and tests (Second Revision)

		



		IS 8435 : 1977

		Methods for measurement of thickness of metallic coatings on plastics

		



		IS 3266 : 1982

		Specification for - Electroplated coatings of gold for general engineering purpose (First Revision)

		



		IS 8375 : 1977

		Method for checking continuity of anodized coatings

		



		IS 11708 : 1986

		Specification for hand, mechanical

		



		IS 4252 : 1982

		Specification for electroplated coatings of gold for decorative purposes (First Revision)

		



		IS 5523 : 1983

		Methods of testing anodic coatings on aluminium and its alloys (First Revision)

		



		IS 5603 : 1983

		Specification for mechanical elbow joint (First Revision)

		



		IS 5745 : 1986

		Specification for heel socket and plate for orthosis (First Revision)

		



		IS 9471 : Part 1 : 1980

		Specification for modular lower limb orthotic components: Part 1 stirrups

		



		IS 9471 : Part 2 : 1980

		Specification for modular lower limb orthotic components: Part 2 stirrups, split

		



		IS 9471 : Part 3 : 1980

		Specification for modular lower limb orthotic components: Part 3 stirrup plates

		



		IS 14151 : Part 2 : 2008

		Irrigation Equipment - Sprinkler Pipes - Specification : Part 2 Quick Coupled Polyethylene Pipes and Fittings (Second Revision)

		



		IS 15368 : 2003

		Cable reels for household and similar purposes

		



		IS 3854 : 1997

		Switches for domestic and similar purposes - Specification (Second Revision)

		



		IS 8802 : 1987

		Specification for ferrules for oil hydraulic couplings (First Revision)

		



		IS 12474 : 1988

		Bicycle Steering Head Assembly (r Type)

		



		IS 628 : 1993

		Bicycles - pedal assembly - specification (Second Revision)

		



		IS 960 : 2005

		Bicycle rim tapes and buckles - Specification (Second Revision)

		



		IS 4762 : 2002

		FASTENERS — WORM DRIVE HOSE CLAMPS FOR GENERAL PURPOSES — SPECIFICATION ( Second Revision )

		



		IS 10783 : 1983

		Specification for patient - Lifting devices, mobile, manually operated

		



		IS 8200 : 1976

		Toggle switches used in traction application

		



		IS 10109 : 2018

		Oil pressure stoves - Offset burner type - Specification (Second Revision)

		



		IS 5561 : 2018

		Electric power connectors - Specification (First Revision)

		



		IS 14106 : 2018

		Direct action hand pumps - Specification (First Revision)

		



		IS 5664 : 2019

		Lubricating connectors - Specification (Second Revision)

		



		IS 17154 : 2019

		Battery operated motorized tricycle - Specification

		



		IS 17155 : 2019

		Tricycle, single hand propelled (?Right?/?Left?) (?Junior Size?) ? specification

		



		IS 10651 : 2019

		Hub axle, front for moped - Specification (First Revision)

		



		IS 10652 : 2019

		Pedal assembly for moped - Specification (First Revision)

		



		IS 10653 : 2019

		Hub axle, rear, for moped - Specification (First Revision)

		



		IS 11139 : 2019

		Adjusters for control cables for moped - Specification (First Revision)

		



		IS 8088 : 2019

		Tricycle, hand propelled ? specification (First Revision)

		



		IS 1367 : Part 11 : 2020

		Technical Supply Conditions for Threaded Steel Fasteners Part 11 Electroplated Coating Systems ( Fourth Revision )

		



		IS 17017 : Part 2 : Sec 2 : 2020

		Electric Vehicle Conductive Charging System Part 2 Plugs, Socket â€“ Outlets, Vehicle Connectors and Vehicle Inlets Section 2 Dimensional compatibility and interchangeability requirements for a.c. pin and contact-tube accessories

		



		IS 14483 : Part 3 : 2018

		Fertilizer and Chemical Injector System : Part 3 Fertilizer Tank - Specification

		



		IS 17017 : Part 2 : Sec 1 : 2020

		Electric Vehicle Conductive Charging System Part 2 Plugs, Socket-Outlets, Vehicle Connectors, and Vehicle Inlets Section 1 General requirements

		



		IS 17017 : Part 2 : Sec 3 : 2020

		Electric Vehicle Conductive Charging System Part 2 Plugs, Socket â€” Outlets, Vehicle Connectors and Vehicle Inlets Section 3 Dimensional compatibility and interchangeability requirements for d.c. and a.c./d.c. pin and contact-tube vehicle couplers

		



		IS 13429 : Part 2 : 2018

		Solar cooker - Box type - Specification: Part 2 components (Second Revision)

		



		IS 17425 : 2020

		Irrigation Equipment - Quick Coupled Polyethylene Pipes and Fittings for Sprinkler Irrigation Systems - Specification

		



		IS 9131 : 1979

		Specification for rim locks

		



		IS 15500 : Part 1 to 8 : 2004

		Deepwell handpumps, components and special tools - Specification

		



		IS 729 : 1979

		Specification for drawer locks cupboard locks and box locks (Third Revision)

		



		IS/ISO 12812 : Part 1 : 2017

		Core banking- Mobile financial services- Part 1: General framework

		



		IS 17382 : 2021

		Syn Gas Ammonia Turbo Compressor Lubricating Oils Specification

		



		IS 3683 : 1987

		Specification for drop wires for warp stop motions (second revision)

		



		IS 8035 : 1999

		Handpump - Shallow well - Specification (First Revision)

		



		IS 16015 : 2013

		Mortice locks with lever mechanism (Vertical Type, Sliding Door Locks And Dead Locks) - Specification

		



		IS/IEC 60110 : Part 1 : 1998

		Power Capacitors for Induction Heating Installations Part 1 General (First Revision)

		



		IS 15109 : Part 1 : 2021

		DETERMINATION OF THE EFFECTS OF POLLUTANTS ON SOIL FLORA - PART 1: METHOD FOR THE MEASUREMENT OF INHIBITION OF ROOT GROWTH First Revision

		









6. Any other observation: 



Changes suggested in the Serial No. 5 (ii) & 5 (iii) of Review Analysis Report may be incorporated in the standards. Further IS 3618, IS 9844, IS 3194, IS 9839, IS 8602, IS 3203 may also be revised the referred standards in accordance with modern technological advancement and practices.



7. Recommendations:  



The Indian Standard may be revised as per Serial No. 6 of Review Analysis Report. 
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		4.5.2
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		Hydrogen embrittlement treatment after electroplating 
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COMMENTS IS 8062.xlsx
Sheet1

				Doc. No: IS 8062: 2006

				Name of commentator / Organisation: RGPL

				Date: 25 Jan 2019

				SI No.		Page No		Clause/ Sub-Clause		Type of comments		Justification		Proposed change/ addition

				1		1		Forward		General		Current exercise is replacing IS 8062:2006 not IS 8062 Part-1 & 2 which were merged under MTD 24 in 2006		Referenced standards to be updated with latest edition/ revision

				2		1		Forward		General		ISO 15589 (Part 1):2015 already came into being but draft showed version of 2003		Referenced standards to be updated with latest edition/ revision

				3		2		Forward		General		ISO 15589 (Part 1): 2015 updated in 2015		include as  "Petroleum and natural gas industries - Cathodic protection of pipeline transportation systems - Part 1: On-land pipelines, issued by International Organization for Standardization ISO

				4		2		Forward		General		NACE RP 0169 has been updated as Standard Practice in 2013		Include as " NACE SP0169:2013 Control of External Corrosion on Underground or Submerged Metallic Piping Systems"

				5		2		Forward		General		Relevant references of OISD need to be included		Include OISD-STD-188 / 214 / 226

				6		2		2. Reference		General		IS 10221:2008 not IS 10221: 1982		Referenced standards to be updated with latest edition/ revision

				7		4		Terminology 3.24		General		Included DC-Decoupler definition and application		Accordingly all susequent index require to change (to next level)

				8		11		4.2 Electrical Isolation - f		Technical		Under clause "f" included DC decoupler application		Include "alternatively the grounding system may be connected through DC Decoupling device to restrict draining CP current"

				9		13		4.2.1.1 last line		General		Spark Gaps (incomplete)		to replace with "Spark gap Surge diverter"

				10		13		4.3 Electrical Continuity		Technical		Incomplete information of electrical continuity system design		Include "Electrical Isolation for insulating flanges / joints should be checked at least yearly by suitable method to ensure isolation and avoid Unintended Flow of Current to un-protected section or other structures.  Electrical continuity should be provided through bonding box, where pipeline is protected by same CP system and purpose of insulating joint is to facilitate periodical survey activity"

				11		13		4.4 Test points		General		Test stations  at all upstream downstream of all road / rail cased crossings not required as per OISD 226		Dropped the reference of upstream / downstream for generic appliction.(Only required for lengths > 20 mtr as per OISD-STD-226)

				12		14		4.4 Test points		General		Rectifier locations and anode ground bed location is replaced with CP station		Include test points "CP stations" and "Foreign pipeline crossings" 

				13		14		4.4 Test points		General		Include for Brazed connection - Pin brazing for low temp or operating pipeline as per OISD 226		 Include "Pin brazing"

				14		14		4.5 Rail / Road crossing		General		Updated special conditions in 2nd paragraph		Include under special condition "considering deeper depth, higher pipeline thickness" when ever pipeline crossing rail or road"

				15		15		4.7 River crossing		General		Update alternative methods for river crossing		Include under alternative methods "d) Trench less Horizontal Directional Drilling technique (HDD) "

				16		18		7.2 Table 		Technical		minimum values for Protective current density for 3LPE  coating		Consider "for Soil resistivity 10 ohm-m to 100 ohm-m & < 10 ohm-m as 25 (µA/m2) - Reference EIL , ExxonMobil standards & Renowed operators

				17		21		7.51		Technical		Soil Resistivity for Magnesium (Mg) ribbon  ranges to be modified		Include range as "10 - 100 ohm-m for distance of 5m" &  "> 100 ohm-m for distance of 0.5m" inline with international best practice

				18		26		9.2  Criteria for Corrosion Interference		Technical		Increase the maximum positive potential changes  from 50 to 100 mV		potential value should be considered as 100 mV in line various standards like EIL and other international standards.

				19		30		10.1.1 Operation & Maintenance		Technical		Routine for measurements - direct current voltage and current outputs frequency refer OISD 226 for frequency		Extend frequency to "once every month if remote monitoring system is provided for CP system" in line best engineering practice.

				20		31		10.2  Surveys During Operation and Maintenance		Technical		Frequency of surveys to be included for reference as per OISD 188 / 226 / 214		Include frequency "CPL survey should be carried out at an interval of 5 years followed by DCVG or Pearson survey at identified locations (based on CPL survey)"

				21		32		10.3.3 c		General		Update alternatives for safeguarding the carrier pipe inside such ‘non-clearable’ casings		Include alternative "Increase ICCP current from adjacent ICCP systems to improve PSP levels at cased crossing"

				22		32		9.3.4 / 9.3.5		General		Both clauses are redundent and out of context in flow of the document		Drop clauses
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Superseding IS 8062 (Part 1 and 2) : 2006

For Comments Only


Draft Indian Standard


CODE OF PRACTICE FOR CATHODIC PROTECTION OF BURIED


PIPIELINES/STRUCTURE FOR TRANSPORTATION OF OIL,


NATURAL GAS AND LIQUIDS


ICS 25.220.40; 75.200


_____________________________________________________________________


Not to be reproduced without the Last date for receipt of Permission of BIS or used as STANDARD comments is 17 Feb 2006


_____________________________________________________________________ FOREWORD


(Formal clause may be added later on)


This standard was first published in 1976. The standard has been prepared to serve as a guide for establishing minimum requirements for the control of external corrosion and underground pipeline/structure. 

Standard was prepared in two parts part 1 : General Principals and Part 2 as Code of Practices for cathodic protection of steel structures. 

Both part 1 and 2 were merged and standard revised under MTD 24 committee in 2006  and released as 


i) IS 8062 :2006 : Cathodic Protection of Buried Pipelines/structure for Transportation of Natural Gas, Oil and Liquids – Code of practice (First Revision) 




i) 

a) 

b) 

This revised standard supersedes the above Indian Standard.


ii) Scope of the standard has been modified by including CP for pipeline/structure for transportation of oil, natural gas and liquids keeping in view the present practices being followed in the country in laying of underground pipelines and updating requirements based on latest industry developments and technologies;


iii) New definitions have been included in the terminology 

iv) 

Assistance have been derived from the following:


ISO 15589 (Part 1): 2003 2015 Petroleum and natural gas industries - Cathodic protection of pipeline transportation systems - Part 1: On-land pipelines, issued by International Organization for Standardization ISO
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ISO 15589 (Part 1):2015 Petroleum and natural gas industries - Cathodic protection of pipeline transportation systems - Part 1: Offshore On-land pipelines, issued by International Organization for Standardization ISO


NACE SP0169:2013 Control of External Corrosion on Underground or Submerged Metallic Piping Systems, Issued by National Association of Corrosion Engineers (NACE), USA

OISD-STD-188: Corrosion Monitoring Of Offshore & Onshore Pipelines


OISD-STD-226: Natural Gas Transmission Pipelines and City Gas Distribution Network

OISD-STD-214: Cross Country LPG Pipelines

For the purpose of deciding whether particular requirement of this standard is complied with the final value, observed or calculated, expressing the result of a test or analysis, shall be rounded off in accordance with IS 2:1960 `Rules for rounding off numerical values (revised)’. The number of significant places retained in the rounded off value should be the same as that of the specified valve in this standard.


1
SCOPE


This standard deals with the cathodic protection of high pressure underground pipelines/structure and its general principles.


This standard is intended to serve as a guide for establishing minimum requirements for control of external corrosion on pipeline/structure system. Corrosion control by a coating supplemented with cathodic protection should be provided in the initial design and maintained during service life of pipeline system. Consideration should be given to the construction of pipeline in a manner that facilitates the use of in line inspection tools.


2 REFERENCE


The following standard contains provisions which through reference in this text, constitute provision of this standard. At the time of publication, the edition was valid. All standards are subject to revision, and parties to agreements based on this standard are encouraged to investigate the possibility of applying the most recent editions of the standards indicated below.


IS No.
Title


10221:2008
Code of practice for coating and wrapping of underground mild steel pipelines
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3
TERMINOLOGY


For the purpose of this code the definitions given below shall apply.


3.1 Anode – The electrode of an electrochemical cell at which oxidation occurs. Electrons flow away from the anode in the external circuit, which is normally metallic. The Anode is the area where metal goes into electrolyte and from where the actual metal loss takes place.


3.2 Anodic Polarization – The change of the electrode potential in the noble (positive) direction resulting from the flow of current between the electrode and electrolyte.


3.3 Backfill – The material which fills up the space between a buried anode and the surrounding soil. It should have low resistivity, moisture retaining capacity and be capable of increasing the effective area of contact between the anode and the environment.


3.4 Bond – A metal piece having very little electrical resistance for connecting two points on the same or different structures.


3.4.1  Drainage Bond – A bond to effect drainage of current.


3.4.2 Resistance Bond – A bond either incorporating resistors or of adequate resistance in itself for the purpose of limiting current flow.


3.5
Cable – One conductor or multiple conductors insulated from one another.


3.6 Cathode – The electrode of an electrochemical cell at which reduction occurs.


3.7 Cathodic Area – Area on which the cathodic (protection) current is picked up from an electrolyte.


3.8 Cathodic Disbondment – The destruction of adhesion between a coating and the coated surface caused by products of a cathodic reaction.


39 Cathodic Polarization – The change of electrode potential in the electronegative direction resulting from the flow of current between the electrolyte and electrode.
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3.10 Cathodic Protection – A method of protecting a metallic structure from corrosion by making it a cathode so that direct current flows on to the structure from the surrounding electrolytic environment.


3.11 Cell – An electrolytic system consisting of anode cathode and an electrolyte.


3.12 Coating – A dielectric material applied to a structure to separate it from its immediate environment.


3.13 Coating Disbondment – The loss of adhesion between a coating and the pipe surface.


3.14 Coating System – A coating, consists of various components which provide effective electrical insulation of the coated structure from its immediate environment.


3.15 Conductor – A material suitable for carrying an electric current. It may be bare or insulated.


3.16 Continuity Bond – An intentional metallic connection that provides electrical continuity.


3.17 Corrosion – The degradation of a material, usually a metal, that results from an electochemical reaction with its environment.


3.18 Corrosion Potential – The mixed potential of a freely corroding pipe/structure surface with reference to an electrode in contact with the electrolyte surrounding the pipe/structure.


3.19 Corrosion Products – Chemical compound produced by the reaction of a corroding metal with its environment.


3.20 Corrosion Rate – The rate at which corrosion proceeds (It is usually expressed as either weight loss or penetration per unit time).


3.21 Criterion – Standard for assessment of the effectiveness of a cathodic protection system.


3.22 Crossing Point – A point where two or more buried or immersed structures cross in a plan.
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3.23
Current Density – The current per unit area of an electrode surface.

3.24 DC De-coupler:  A decoupling device which function as DC isolation up to certain potential levels (ie. Up to +\- 2.5 Volts) and function as short /conductive path for AC currents. 


3.25 Differential Aeration – Unequal access of oxygen / air to various parts of a structure resulting in local cell action and a consequent corrosion of the less aerated parts.


3.265 Diode – A bipolar semi- conducting device having a low resistance in one direction and a high resistance in the other.


3.276 Drainage - Draining of electric current from a cathodically protected/affected structure back to its source through an external conductor.


3. 287 Driving EMF – Driving emf is the open circuit potential difference between a structure to be protected (a cathode) and the system of anodes which protects it. The EMF does not include the voltage drop in the soil or in the connecting load and is the total voltage available for establishing a protective circuit. The driving emf in galvanic cells is fixed while that in an impressed current system is variable.


3.298
Earth


a) The conducting mass of earth or of any conductor in direct connection therewith.


b) A connection, whether intentional or unintentional, between a conductor and the earth.


c) To connect any conductor with the general mass of earth.


3.3029 Electrical Isolation – The condition of being electrically separated from other metallic structures or the environment.


3.310 Electrical Survey – Any technique that involves coordinated electrical measurements taken to provide a basis for deduction concerning a particular electrochemical condition relating to corrosion or corrosion control.


3.321 Electrode – A conductor of the metallic class (including carbon) which carries current into or out of an electrolyte.


3.332 Electrolyte – A chemical substance containing ions that migrate in an electric field.


3.343 Foreign Structure – Any structure that is not intended to be a part of the system of interest.
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3.354 Galvanic Anode – The electrode in a galvanic couple formed by two dissimilar metals (as applied to cathodic protection) in which the galvanic current is flowing from this electrode into the electrolyte. The galvanic anodes corrode and are designated as sacrificial anodes.


3.365 Galvanic Current – A current passing into or out of a structure due to a galvanic couple being established in which the structure forms one of the electrodes. By using less noble metals artificial galvanic couples are formed in such a way, that the galvanic current protects a desired structure.


3.376 Galvanic Series – A list of metals and alloys arranged according to their corrosion potentials in a given environment.


3.37 Ground Bed – A system of buried or submerged electrodes connected to the positive terminal of an independent source of direct current, in order to lead to earth the current used for the cathodic protection of a buried or immersed metallic structure.


3.38 Holiday – A defect, including pinholes in an otherwise uniform protective coating that exposes the metal to the surrounding earth.


3.39 Impressed Current – A direct current impressed on a structure from an external power source for providing cathodic protection to it.


3.40 In-line Inspection – The inspection of a steel pipeline/structure using an electronic instrument or tool that travels along the interior of the pipeline/structure.


3.41 Insulating Flanges – Flanges which permit mechanical continuity but break the electrical continuity.


3.42 Interference – A change in the electrical parameters of a pipeline/structure, including its potential, because of the presence of another pipeline/structure or an external source of power in its vicinity.


3.43 Interference Bond – An intentional metallic connection designed to control the electrical current flowing between metallic systems.
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3.44
IR Drop – The voltage across a resistance in accordance with Ohm’s law.


3.45
Line Current – The direct current flowing on a pipeline.


3.46 Long-line Corrosion Activity – Current flowing through the earth between an anodic and a cathodic area that returns along an underground metallic structure.


3.47 Mixed Potential – A potential resulting from two or more electrochemical reactions occurring simultaneously on a metal surface.


3.48 Pipe-to-Electrolyte Potential – The potential difference between the pipe metallic surface and electrolyte that is measured with reference to an electrode in contact with the electrolyte.


3.49 Polarization – A shift in the potential of an electrode resulting from a flow of current between the electrode and the electrolyte surrounding it.


3.50 Polarization Potential – The potential across the structure / electrolyte interface that is the sum of the corrosion potential and the cathodic polarization.


3.51 Primary Structure – The basic structure to which cathodic protection is to be applied, as distinct from a secondary structure, on which interference takes place.


3.52 Protective Current – It is the total current to be picked up on the structure so that it reaches protective potential.


3.53 Protective Potential – The potential of a structure with reference to a specified standard reference half cell at and below which the structure stops corroding due to any electrolytic action.


3.54 Rectifier – An electrical equipment for converting AC from into DC.


3.55 Reference Electrode – An electrode whose open circuit potential is constant under similar conditions of measurement used to measure the structure to electrolyte potential.
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3.55.1 The hydrogen electrode is taken to be the standard with reference to which other electrode potentials are determined. It is inconvenient in practice to use hydrogen electrode. Therefore, certain electrodes known as reference electrodes are used in potential measurements in the studies of corrosion and cathodic protection. Potentials of some useful reference electrodes are given below:


Potentials of reference electrodes with reference to standard hydrogen electrode at 25oC


		Sl. No.

		Electrode

		Potentials



		

		

		

		(Volts)



		(1)

		

		(2)

		(3)



		i)

		Saturated calomel

		

		+ 0.24

		



		ii)

		Silver / silver chloride / saturated KCl

		+ 0.22

		



		iii)

		Copper / copper sulphate

		+ 0.32

		



		iv)

		Zinc / sea water

		

		- 0.78

		(approximately)





3.56 Reverse -Current Switch – A device that prevents the reversal of direct current through a metallic conductor.


3.57 Secondary Structure – A structure not in view when cathodic protection is originally planned, but enters the picture as a result of interference.


3.58 Shielding – Preventing or diverting the cathodic protection current from its intended path.


3.59 Shorted Pipeline Casing – A casing which is in direct metallic contact with the carrier pipe.


3.60 Sound Engineering Practices – Reasoning exhibited or based on thorough knowledge and experience, logically valid and having technically correct premises that demonstrate good judgment or sense in the application of science.


3.61 Stray Current – Unintended current flowing through a path other than the intended circuit.
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3.62 Stray-current Corrosion – Corrosion resulting from stray current transfer between the pipe and electrolyte.


3.63 Structure to Electrolyte Potential – Potential of a structure with reference to a standard reference electrode located as close to the structure as is practically permissible in the electrolyte or soil.


3.64 Telluric Current – Current in the earth as a result of geomagnetic fluctuations.


3.65 Voltage – An electromotive force or a difference in electrode potentials expressed in volts.


3.66 Wire – A slender rod or filament of drawn metal. In practice, the term is also used for smaller gauge conductors [6 mm2 (No.10AWG) or smaller].


4
PIPELINE SYSTEM DESIGN


The following requirements should be considered, while designing the pipeline system, so that cathodic protection system can be implemented successfully.


4.1
External Corrosion Control


External corrosion control must be a primary consideration during the design of the pipeline system. Material selection and coatings are the first line of defence against external corrosion. Because As perfect coatings are not feasible, cathodic protection system must be used in conjunction with coatings. Materials and construction practices that create electrical shielding should not be used on pipeline. Pipeline should be installed at a location where proximity to other structure and surface formation will not cause shielding.


4.2
Electrical Isolation


Isolating devices such as flange assemblies, isolating joints or couplings should be installed within pipeline system where electrical isolation of portions of system is required to facilitate the application of external corrosion control. Following locations should be considered while deciding isolating device.


a) Point at which facility change ownership such as metering stations or well heads;


b) Compressor or pumping station;


c) Stray current areas;


d) Junction of dissimilar metal;


e) Junction of coated pipeline and bare pipeline; and
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f) Location where electrical grounding is used such as motor operated (MOVs) and instrumentation, it should be suitably grounded without draining the protective current. Or alternatively the grounding system may be connected through DC Decoupling device to restrict draining CP current. 

4.2.1  Insulating Flange


Pipeline may be sectionalized electrically to control current flows of either galvanic or external origin. Usually this is done by inserting ‘insulating flanges’, mono-block or isolating joint depending upon the location. (See Fig.1and 2)
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FIGURE1 :  MONO BLOCK
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FIGURE 2 OF ISOLATING JOINT


4.2.1.1 Pipe surfaces on each side of such insulating flanges should be protected from contact with soil for a distance of at least 50 times pipe diameter in order to prevent concentrated flow of current from section to section around the insulation. This protection is obtained most effectively by placing the pipe above ground on suitable supports; however, where such a plan is impracticable, an effective alternative is to apply extra thick coating along the requisite length of pipe and also completely encase the insulating flange with the same coating. Insulating joints should be painted with a distinct colour for easy identification. In zones highly susceptible to lightning, care should be taken that the insulation material is not damaged by electrical stresses set up by lightning strikes. For this purpose, buried insulating joints are grounded with grounding cells and above ground insulating joints are protected with spark gap surge diverters.


4.2.1.2 Care should be taken for insulated flanges / Joints are not short-circuited being short-circuited by chips of metal, dirt, etc. 

.

4.3
Electrical Continuity – Electrical Isolation for insulating flanges / joints should be checked at least yearly by suitable method to ensure isolation and avoid Unintended Flow of Current to un-protected section or other structures.  Electrical continuity should be provided through bonding box, where pipeline is protected by same CP system and purpose of insulating joint is to facilitate periodical survey activity. 

4.4 Test Points/Stations – Test points/stations for measuring Pipe to Soil Potentials (PSP) should be located at intervals along the pipeline where they will be conveniently accessible to the corrosion engineer. The test station for potential, current or resistance measurement should be provided at sufficient locations to facilitate testing of cathodic protection parameters, such locations may include, but are not limited to the following:


a) All road / rail cased crossings
, 

b) At road/rail/river/canal crossing, 

c) Crossing of two or more lines.


d) Insulating flanges /Joints .
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d) Location where the pipe passes through corrosive environment, such as salty marshes, waterlogged soils, stray current zones, etc.

e) Valve stations.


f) Stray current areas.


g) CP Station locations 

h) Bridge crossings.


j) Foreign pipeline crossings. 

Brazed connections including thermit welding or pin brazing
 processes should not be made within 150 mm of the butt or longitudinal weld in high tensile steel pipe. The connection should be tested for mechanical strength and electrical continuity.


4.5
Road and Rail Crossings


As far as possible, cased crossings should be avoided wherever they are not necessary. In India, it is mandatory to cross railway tracks by using casing. For pipelines crossing under rail / road tracks, etc, an agreement would have to be made with the concerned authorities.


No long pipeline can avoid crossing of roads and rails. Special precautions are necessary at such locations to safeguard the carrier pipe by considering higher deeper depth, higher pipeline thickness or passing it through an additional oversize pipe termed a ‘Casing Pipe’. The section of the pipe thus encased in the ‘Casing pipe’ is termed as a ‘Carrier Pipe’. Casing pipes may act as a shield to the flow of cathodic protection current to the carrier pipes thereby defeating their primary purpose of providing safety.


If  Wherever Casing is un-avoidable by authority requirement; the section of carrier pipe inside the casing should have the best possible standard of coating with as few holidays as possible. The carrier pipe should be insulated from casing pipe supported by plastic insulating supports fitted to it at regular intervals. The carrier pipe inside the casing should be kept dry by use of suitable end-seals. Filling the annulus between carrier and casing pipe with a suitable insulating material such as wax, sand and Bentonite mixture, concrete slurry or petroleum jelly, may be considered based on engineering judgement by particular pipeline owner. This will prevent future ingress of water in the annulus. Proper construction practices for cased crossings and proper fixing of end seals must be ensured for preventing problems of electrical shorts between carrier and casing and future ingress of water in the annulus may be prevented.


4.6
Concrete Encased Pipe


Pipe encased in concrete, for example, as at river crossing, valve boxes, etc, may be cathodically protected, where it is passing through highly saline soil and the water table is high.
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4.7
River Crossings


There are  alternate methods of crossing of rivers and small streams


a) Submerged crossings,


b) Suspended crossings, and


c) Use of existing road and rail pipe bridges.

d) Trench less Horizontal Directional Drilling technique (HDD) 

For submerged crossings and HDD crossing, care should be taken to give the submerged section of the pipe the best possible standard of coating with as few holidays as possible. For the other two methods, the pipe should be insulated from the metallic hangers, on which the pipes are supported, by using suitable insulating material such as neoprene sleeves. This is required only, if the pipe along the crossing is protected cathodically. On account of the restrictions imposed by railway authorities, pipelines over railway bridges are isolated by installing insulating flanges at both ends of the bridge. 

5  PIPELINE EXTERNAL COATING


The function of external coating is to control corrosion by isolating the external surface of the underground or submerged pipeline from the environment, to reduce cathodic protection current requirements, and to improve current distribution. External coatings must be properly selected and applied and coated pipe should be carefully handled and installed to fulfill these functions. The following types of coatings are normally used for high pressure cross-country underground pipelines:


a) 3 Layer polyethylene,


b) Fusion bonded epoxy,


c) coal tar enamel (IS 10221)

d) Polyurethane


e) Cold applied PE tapes

6 CRITERIA FOR CATHODIC PROTECTION


External corrosion protection can be achieved at various level of cathodic polarization depending on the environmental conditions. However, in the absence of specific data that demonstrates that adequate cathodic protection has been achieved one or more of the following conditions shall apply.
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· 6.1 A negative (cathodic) potential of at least 850 mV with the cathodic protection applied. This potential is measured with respect to a saturated copper copper sulphate reference electrode contacting the electrolyte. Voltage drops other than those across the structure-to-electrolyte boundary must be considered for valid interpretation of this voltage measurement.


Consideration is understood to mean the application of sound engineering practice in determining the significance of voltage drops by methods such as:


a) Measuring or calculating the voltage drop(s);


b) Reviewing the historical performance of the cathodic protection system;


c) Evaluating the physical and electrical characteristics of the pipe and its environment; and


d) Determining whether or not there is physical evidence of corrosion.


6.2 A negative polarized potential of at least 850 mV relative to a saturated copper / copper sulfate reference electrode.


6.3 A minimum of 100 mV of cathodic polarization between the structure surface and a stable reference electrode contacting the electrolyte. The formation or decay of polarization can be measured to satisfy this criterion.


6.4
Special Conditions


6.4.1 On bare poorly coated pipelines where long-line corrosion activity is of primary concern, the measurement of a net protective current at predetermined current discharge points from the electrolyte to the pipe surface, as measured by an earth current technique, may be sufficient.


6.4.2 In some situations, such as the presence of sulfides, anaerobic/aerobic bacteria, elevated temperatures, acid environments, and dissimilar metals, the above criteria of (-) 850
 mV may not be sufficient and (-) 950 mV is to be applied.


6.4.3 There is also a safe upper limit up to which the potential should be applied for various coatings. Coating manufacturers’ recommendations should be considered for application of safe upper limits. A higher potential may cause evolution of hydrogen which may damage the coating.
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6.5
Other Considerations


6.5.1 Methods for determining voltage drops should be selected and applied using sound engineering practice. Once determined, the voltage drops may be used for correcting future measurements at the same location, providing conditions such as pipe and cathodic protection system operating conditions, soil characteristics and external coating quality remains similar.


6.5.2 When it is impracticable or considered unnecessary to disconnect all current sources to correct for voltage drops in the structure to electrolyte potential measurements, Polarization / corrosion coupons shall be used as reference to ensure polarized potential levels are achieved. 

6.5.3 Situations involving stray currents and stray electrical gradients may exist that require special analysis and mitigations measures accordingly.


6.5.4 Where feasible and practicable, in-line inspection of pipelines may be helpful in determining the presence or absence of pitting corrosion damage.


7 CATHODIC PROTECTION SYSTEM DESIGN


7.1 Major objective of cathodic protection system design includes the following:


a) To provide sufficient current to the pipeline so that selected criteria of cathodic protection system is effectively achieved.


b) To minimize interference current on neighbouring underground structure.


c) To provide a design life of anode system commensurate with the life of pipeline.


d) To provide adequate allowance for anticipated change in cathodic protection current requirements with time.


e) Adequate monitoring facilities to test and evaluate cathodic protection system performance.
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7.2
Cathodic Protection Design Surveys


The following information is useful for designing proper cathodic protection system:


a) Pipeline system specifications which should include route maps, external coating, casing details, isolating devices, electrical bonds locations, aerial bridge and crossings such as rail/road/river/canal/pipeline and under water crossings, overhead high tension electric lines.

b) Site condition information like existing or proposed cathodic protection system, possible interference sources, special environmental conditions, neighboring buried metallic structures, power availability and feasibility of electrical isolation from foreign structures.


c) Information from field surveys like protective current requirement, soil resistivity. Surveys given below are generally carried out to collect the data form the field, which helps in designing the cathodic protection System of any pipeline


a) Marking following on route maps and geological maps :


1) CP protected structures crossing or running parallel;


2) Any AC / DC current sources; and


3) location of HV or EHV power system


b) Soil resistivity surveys;


c) Soil chemical analysis for ionic & microbial / bacterial loading; and


d) Current requirement survey. (only in case of existing system provide with CP at later date or for complex underground structures.) 

It is always better to use the protective current requirement data based on existing pipelines which are being operated almost in the same type of environment. However in absence of such data, protective current density given below for various coating can be considered as a minimum requirement:
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Protective current density, minimum

a) Pipelines having 3 layer polyethylene coating
.


		Sl No.

		Pipeline Surrounding

		Minimum Protection Current Density (µA/m2)



		1

		Soil resistivity 10 ohm m to 100 ohm.m

		25




		2

		Soil resistivity less than 10 ohm.m

		25




		3

		Soil resistivity more than 100 ohm.m

		35





b) Pipelines having fusion bonded epoxy.


		Sl No.

		Pipeline Surrounding

		Minimum Protection Current Density (µA/m2)



		1

		Soil resistivity 10 ohm m to 100 ohm.m

		125



		2

		Soil resistivity less than 10 ohm.m

		500



		3

		Soil resistivity more than 100 ohm.m

		90





c) Pipelines having coal tar enamel (IS 10221) coating.


		Sl No.

		Pipeline Surrounding

		Minimum Protection Current Density (µA/m2)



		1

		Soil resistivity 10 ohm m to 100 ohm.m

		300



		2

		Soil resistivity less than 10 ohm.m

		2000



		3

		Soil resistivity more than 100 ohm.m

		200





d) Pipelines having polyurethane coating.

		Sl No.

		Pipeline Surrounding

		Minimum Protection Current Density (µA/m2)



		1

		Soil resistivity 10 ohm m to 100 ohm.m

		100



		2

		Soil resistivity less than 10 ohm.m

		350



		3

		Soil resistivity more than 100 ohm.m

		80





e) Pipelines having cold applied PE tapes.

		Sl No.

		Pipeline Surrounding

		Minimum Protection Current Density (µA/m2)



		1

		Soil resistivity 10 ohm m to 100 ohm.m

		80



		2

		Soil resistivity less than 10 ohm.m

		250



		3

		Soil resistivity more than 100 ohm.m

		50





7.3 Temporary cathodic protection (TCP) is recommended when construction period is more than 3 months and soil resistivity is less than 100 Ohm-m.while designing TCP the current density should be at least 50 percent of the values given in under 7.2.

7.4 Sacrificial Anodes should be installed in backfill material comprising of gypsum (75 percent), bentonite (20 percent), sodium sulphate (5 percent); and carbonaceous coke breeze for impressed current anodes. Factor of safety 1.3 and utilization factor as given below. Anode ground bed type and design should be as per the site conditions.
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		Utilization Factor

		Centre Connected

		End Connected



		ZINC (Zn)

		0.85

		0.5



		Magnesium (Mg)

		0.85

		0.6



		Aluminum (Al)

		0.85

		0.6



		Mixed Metal Oxide (MMO)

		0.80

		0.90



		High Silicon

		0.80

		0.6





7.5
Types of Cathodic Protection


There are two methods of cathodic protection of underground pipelines, namely:


a) Sacrificial anode CP system (SACP), and


b) Impressed current CP system (ICCP)

17


IS 8062:2006


Doc: MTD 24(4675)W


7.5.1  Sacrificial System (SACP)

In the Sacrificial anode system, sacrificial anodes based on soil resistivity should be used as given in Table below. The structures remain in electrical contact with the anode in the electrolyte. The performance of any anode depends on composition and operating conditions. Sacrificial anodes are limited in current output by the anode to pipe/structure driving voltage and electrolyte resistivity. (See Fig 3)


________________________________________________________________


Anode
Soil Resistivity
Distance from Pipe/Structure


Ohm-m
m


________________________________________________________________


		Zinc (Zn)

		.01- 10

		2



		Magnesium

		     >10 - 100



		5



		Ribbon Anodes

		       > 100

		0.5



		Aluminum (Al)

		Sea water applicaiton

		General flush





_

_______________________________________________________________
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Figure 3 Sacrificial Anode
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7.5.2  Impressed Current System (ICCP)

In the impressed current system, current is impressed upon the cathode under a suitable direct current voltage. The anode may be of inert type or one with a low rate of consumption. High Silicon Cast Iron (HiSi) and mixes metal oxide coated titanium (MMO-Ti) anodes are typically used for soil applications, while MMO-Ti and lead and platinized titanium anodes are suitable for sea water.(See Fig.4)
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Figure 4 Impressed Current Anode


7.6
Choice of Method for Cathodic Protection


The choice between the two systems of cathodic protection, namely, sacrificial anode and impressed current depends on a detailed assessment of the technical and economic factors involved. Generally, sacrificial anode cathodic protection system is used for temporary protection (TCP) of pipeline till permanent cathodic protection (PCP) system is commissioned and reliable power supply is arranged. However, the choice between the two systems depends on the following factors:


a) Magnitude of protective current required,


b) Stray currents causing significant pipe to soil potential fluctuations,


c) Effect of cathodic protection interference current on additional structure that may limit the use of impressed current system.


d) Availability of power,


e) Electrical resistivity of the environment,


f) Cost of installation, operation & maintenance,


g) Future development of right of use (RoU),
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h) Physical space available and other construction and maintenance concerns, and


j) Design life of the cathodic protection system


7.7
Sources of Power


The usual source of power for cathodic protection is derived from state grid operated transformer rectifier. Where state grid power is not available, other type of sources can be arranged like :


a) Closed cycled vapour turbo alternator (CCVT),


b) Thermo electric generator (TEG),


c) Solar power,


d)  Diesel generator, and


e) Any other reliable source of power.


While selecting the power source for cathodic protection system, following considerations should be taken into account:


a) Reliability,


b) Maintenance requirement,


c) System life,


d) Initial cost,


e) Type of fuel, and


f) Operating cost.


7.8
Design Drawings and Specifications


Suitable drawing/schematic should be prepared to designate the overall layout of pipeline to be protected with location of significant items. Drawing/schematic should also be prepared for cathodic protection installations giving the details of location of the system, type of anodes, weight, size and configuration including backfill details.


8 CONSTRUCTION AND INSTALLATION OF CATHODIC PROTECTION SYSTEM


All construction work on cathodic protection systems should be performed in accordance with construction drawings and specifications. Construction work should be performed under the surveillance of trained and competent personnel to verify that the installation is in strict accordance with drawings and specifications.
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8.1
Sacrificial Anodes


8.1.1 While inspecting, handling and storing sacrificial anodes, the following should be taken into consideration:


a) Pre- packed anodes should be inspected and steps taken to ensure that backfill material completely surround the anode.


b) Lead wire must be securely connected to the anode and should not be in damage condition.


c) Bracelet or ribbon type sacrificial anodes should be inspected to ensure the dimensions conform to design specifications.


8.1.2 While installing the sacrificial anodes, the following should be taken into consideration:


		

		a)

		Anodes should be installed according to construction specifications.



		

		b) Packaged sacrificial anodes should be backfilled with appropriate



		

		

		compact material.



		

		c)

		During application of bracelet anodes, external coating beneath the



		

		

		anode  should be free of holidays.



		

		d)

		When ribbon type anode is used, it can be trenched or plowed in with



		

		

		or

		without backfill as required but generally parallel to the section of



		

		

		pipeline to be protected.



		8.2

		Impressed Current System



		8.2.1

		While

		inspecting  and  handling,  the  following  should  be  taken  into





consideration:


a) Rectifier or other power source should be inspected to ensure that internal connections are mechanically secured and unit is free of damage. Rating of the DC power source should comply with the design specifications.


b) Impressed current anodes should be inspected for conformance to the specifications concerning anode material, size, and length of lead cable, anode lead connection and integrity of seal.


c) All cables should be carefully inspected to detect defect in insulation.


d) Anode backfill should conform to the specifications.
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8.2.2 While installing impressed current system, the following should be taken into consideration:


a) A rectifier or other power source should be installed such that the possibility of damage or vandalism is minimized.


b) Wiring to rectifiers should comply with National Electrical Codes.


c) On thermo electric generators, a reverse current protection device should be installed to prevent galvanic action.


d) Impressed current anodes with suitable backfill can be buried vertically, horizontally or in deep holes as indicated in design specifications.


9 INTERFERENCE IN CATHODIC PROTECTION


9. 1   General


Cathodic protection interference is the undesirable current flow, between one or more cathodically protected / unprotected pipelines/structure, etc, and the pipeline in question. Efforts to be made to minimize / eliminate the adverse effect of interference currents.


9.2  Criteria for Corrosion Interference


Since positive potential changes are liable to accelerate corrosion, the structure / electrolyte potential changes are used as the basis for permitted degree of interference. The maximum positive potential changes at any part of a secondary structure, resulting from interference, should not exceed 100
 mV of potential.


9.2.1 Interference between multiple cathodically protected pipeline/structure and overhead high transmission lines in proximity to each other is continuous evolving process. Therefore to resolve interference problem from time to time, it is essential for the owners of multiple pipelines/structure to co-operate and exchange relevant information related to their respective cathodic protection system to comply the requirements given in 8.2.


9.2.2 In order to minimize the cathodic protection interference between existing and upcoming pipelines/structure in close vicinity or in common right to use (RoU) should have as far as possible similar type of coating.
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9.3 Mechanism of Interference Current Corrosion (Stray Current Corrosion)


Interference current corrosion on buried or submerged metallic structures differs from other types of corrosion damage. The direct current, which causes the corrosion, has an origin foreign to the affected structure, that is, the interfering current is collected from the electrolyte by the affected structure from a direct current source not electrically bonded to the affected structure.


a) Detrimental effects of interference currents usually occur at locations where the currents are discharged from the affected structure to the electrolyte.


b) Under some circumstances, coatings may become disbonded at the area where excess current is forced on to the affected structure. This passage of current from the electrolyte to the structure is not considered damaging pipelines/structure, but as the coating becomes disbonded, more area of metal will be exposed. This can increase the demand for cathodic protection current and the disbonded 3LPE coating may create shielding problems.


9.4 The severity of corrosion resulting from interference currents depends on several factors:


a) Relative location of the interfering and affected structures and location of interfering current source.


b) Magnitude and density of the current.


c) Quality of the coating, or absence of a coating on the structures involved.


d) Presence and location of mechanical joints having high electrical resistance.


9.5
Source of Interference Currents


9.5.1 Constant current – Sources have essentially constant direct current output, that is, foreign pipeline/ structures`s cathodic protection rectifiers, thermoelectric generators, and HVDC power transmission and earthing systems.


9. 5.2 Fluctuating current – Sources have a fluctuating direct current output, that is, direct current electrified railway systems, coal mine haulage systems and pumps, welding machines, direct current power systems and telluric currents.
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9.6 Detection of Interference Currents


Interference Currents can be detected by some of the following:


a) Structure-to-soil potential changes on the affected structure caused by the foreign direct current source.


b) Changes in line current magnitude or direction caused by the foreign direct current source.


c) Localized pitting in areas near a foreign structure.


d) Breakdown of protective coatings in a localized area near an anode bed, or near any other source of direct current.


9.7 In areas where interference currents are suspected, all affected parties shall be notified and appropriate tests shall be conducted. Any one or combination of the following test methods may be employed:


a) Measurement of structure-to-soil potentials with recording or indicating instruments.


b) Measurement of current flowing in a structure with indicating or recording instruments.


c) Measurement of the variations in current output of the suspected source of interference current and correlation with measurements obtained as detailed above.


9.8
General Methods for Resolving Interference Current Problems


a) Prevention of the pick-up or limitation of the flow of interference current through a buried or submerged metallic structure.


b) Removal of the adverse effects of interference current by means of a bond. Before bonds are installed, approval must be obtained from all affected parties.


c) Counteraction of the effect of interfering current by means of cathodic protection.


d) Removal or relocation of interfering current source.


9.9
Methods for Resolving the Interference Current Problems


a) Restoration of the structure-to-soil potentials of the affected structure to a mutually agreed protection level.


b) Measurement of line currents on the affected structure to verify that they are not being discharged to the electrolyte.


c) Use of earth current measurement techniques applied in the electrolyte between the affected and interfering structures at the area of maximum current discharge.
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9.10
Stray Current Corrosion and Cathodic Protection


9.10.1
Causes


If a pipeline lies within a current return path resulting from electrical system, such as DC traction, HVDC systems and their earthing, welding or electrolytic plants, etc, there is an opportunity for the current to enter and leave the line, corroding the latter section of the pipeline at a much faster rate than that due to the galvanic effect. Because of the inherently accidental or unintentional nature of such current, they are usually known as ‘stray currents’ and the resulting corrosion as stray current corrosion.


9.10.2  Source


By far the greatest source of stray current is electric railway or train car where the negative of the dc supply is usually connected to running rails. If the return path of the rail is not effective the return current is forced to pass into the ground. Multiple pipelines/structure laid in same right of use and having different conditions of coating/ current requirements, overhead high direct current transmission lines is becoming the major problem related to mitigation of interference.


9.10.3  Remedial Measures


This stray current corrosion may be mitigated by: (a) a very good coating; (b) by ensuring that the continuity of the path of the traction is effective, in consultation with the traction authorities; and (c) by bonding the pipeline to a return rail at the most negative position of the track, that is, near sub -station or where negative feeders are connected to the rails. The bonding cable will then carry most of the return traction current back to the point of supply, thus ensuring that the structure receives partial or, sometimes, complete cathodic protection. To avoid accidental current reversals in this type of drainage bond, a unidirectional relay / diodes are usually provided in series with the cable providing the bond.


If the track voltage is likely to attain relatively high value, it is necessary to protect the unidirectional relay and bond against excessive currents by means of suitable series resistors and / or inductors and overload circuit-breakers and by providing more than one drainage connection.
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9.11
Overhead High Voltage Transmission Lines


9.11.1 A minimum separation of 15 m should be maintained between pipelines and transmission tower footings and ground cables. Regardless of separation, consideration should always be given to lightning and fault current protection of the pipelines.


9.11.2 It is desirable for the pipelines and transmission lines to cross at right angles. Pipelines in proximity to high voltage a.c. line(s) are influenced by the current carried by the high voltage a.c. line(s). This current induces an a.c. voltage in the pipeline that can cause safety hazards to personnel, a.c. corrosion and damage to electrical components connected to the pipeline. Touch voltages in excess of 50V a.c. (RMS) are hazardous to personnel. Further, touch voltage in excess of 10V a.c. (RMS) may cause a.c. corrosion of the pipeline. Normal operational current can lead to hazardous touch voltages and fault current may cause touch voltages up to several thousands volts a.c. touch voltages induced on pipelines in proximity to high voltage a.c. line(s) should be measured using a high impedance a.c. voltmeter and an electrode (such as a copper / copper sulphate reference electrode or any metallic low resistance contact to soil) placed in the soil above the pipeline. It is necessary to mitigate touch voltages by grounding the pipeline at appropriate points where the touch voltage is significant. The pipeline should be grounded at points where the pipeline or the high voltage a.c. line(s) significantly changes direction. In this context, the extent of parallelism and the distance between the pipeline and high voltage a.c. line(s) is needed to be studied. For grounding of pipeline, suitable, low maintenance a.c. mitigation devices should be used in conjunction with a low resistance metallic electrode such as G.I. rod.


10 OPERATIONS AND MAINTENANCE


10. 1 Routine for Measurements


10.1.1 The direct current voltage and current outputs of the transformer / rectifier and pipe/structure to soil potential at drain points should be monitored at least once a fortnight or once every
 month if remote monitoring system is provided for CP system.  These measurements verify the satisfactory operation of the transformer rectifiers, the ground beds, and the connecting cables.


10.1.2 Measurements of pipe-to-soil (PSP) potential should be taken monthly at vulnerable points and quarterly basis at all test points. There may be a seasonal variation in potential, which can be compensated for by increase / decrease of the appropriate transformer / rectifier settings.
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10.1.3 Where stray current problem exists, more frequent checks may be made


10.2  Surveys During Operation and Maintenance


Various specialized survey techniques are available, without requiring any direct access to the pipeline metal surface, to assess the protective system adequacy, non-destructively. Usually, each of these provide different information although there is some overlap. The specific requirements of a pipeline need be considered while selecting survey techniques or a combination of surveys;


a) Continuous Potential Logging
 (C P L) surveys ( On/off ) – To check effectiveness of CP System.


b) Pearson surveys – To check coating condition.


c) Current attenuation test (CAT) – To check coating condition.


d) Direct Current Voltage Gradient (D C V G) surveys – To check exact location of coating defect.


e) CPL survey should be carried out at an interval of 5 years followed by DCVG or Pearson survey at identified locations (based on CPL survey
). 

10.3  Faults and Remedies




10.3.2 Cable faults which may occur due to various reasons, namely, mechanical damage, deterioration of insulation which for positive cable will result in rapid deterioration of the conductor can be found by excavation and inspection. The cables should be jointed or replaced.


10.3.3 Sudden local changes in the pipe -to-soil potential readings may be due to many causes, the principal of which are:


a) Local flooding – Transformer / rectifier setting should be readjusted.


b) Severe local coating damage or deterioration. The damaged coating should be located either by visual examination or by use of the Pearson holiday detector / CAT survey / DCVG survey and bore hole inspection made good.
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c) When a casing is short-circuited to the pipe the potential on the pipe is expected to be relatively less negative, and it could even be less negative than the accepted value in or around the point of short. The current drawn from the rectifier system is expected to suddenly increase. When this is noted the ends of the casing would then have to be excavated and the cause of the ‘short’ found and removed. Where tests indicate that the point of contact is well back from the end of the casing, the chances are that it cannot be cleared with any reasonable effort and expense by working from the casing ends. To safeguard the carrier pipe inside such ‘non-clearable’ casings, any of the following methods may be adopted:


1) To fill the entire annular space between pipe and casing with a material that will stifle any corrosion tendency. 

2) To install magnesium anodes on both sides of the line at each end of the casing.

3) Increase ICCP current from adjacent ICCP systems to improve PSP levels at cased crossing. 





11 SAFETY PRECAUTIONS


11. 1   General


As cathodic protection necessitates the use of electrical equipment, certain safety precautions should be taken in hazardous areas.


11. 1.1 Safety precautions for rectifiers, switches and cables are the same as for any other equipment appliance. The lowered potential of cathodically protected steel structures with reference to the surroundings means that contact with another steel structure which will normally be at zero potential may produce a spark. It is recommended, therefore, that every precaution should be taken to avoid such sparking.
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11.2
Danger of Electric Shocks


Voltages in excess of 50 V d.c. are seldom used for cathodic protection, thus the danger from electrical shock is very unlikely. Safety procedures should be adopted to switch off the cathodic protection or installation of grid earthing while working on the pipeline during cutting, tapping, etc. It is further advisable to put a temporary bond around the line before starting the work on the line and this bond allowed to remain till the job is finished. This bond should be no less in size than standard welding cable and provided with suitable clamps. Attention should also be paid to the danger of possible harm to life near the ground beds due to the voltage gradient at the surface of the soil. Following precautions are to be taken in this regard.


a) The dc output of the rectifier transformer should not exceed 50 V d.c.  

b) The leads are fully insulated and protected against mechanical damage.


11.3 Fault Conditions in Electricity Power Systems in Relation to Remedial and / or Unintentional Bonds


There is a possible risk in bonding a cathodic protection system to any metal work associated with the earthing system of an electricity supply network, specially in the vicinity of high voltage sub-stations. Therefore, such bonding should not be accepted as a general rule, any exception to it being made by the corrosion engineer himself, after competent tests.


11.3.1 Bonds between metal work, associated with an electricity power system (for example, cable sheath) and cathodically protected structures, can contribute an element of danger when abnormal conditions occur on the power network. The principal danger arises from the possibility of current flow, through the bonds, to the protected structure, due to either earth-fault conditions or out-of-balance load currents from the system. This current, together with the associated voltage rise, may result in electric shock, explosion, fire, overheating and also risk of electrical breakdown of coatings on buried structures. Such hazards should be recognized by the parties installing the bond and any necessary precautions taken to minimize the possible consequence. The rise in temperature of conductors, joints and accessories is proportional to I2 t, where ‘I’ is the fault current and ‘t’ its duration. Bonds should be robust enough so that they may withstand, without distress, the highest value of I2 t, expected under fault conditions. For extreme conditions, duplicate bonding is recommended.
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11.4 Installations in Dangerous Atmospheres


11.4.1 Cathodic protection can introduce hazards in areas in which an inflammable mixture of gas, vapour or dust (that is hazardous atmosphere) may be present which could be ignited by an electric arc or spark. In a cathodic protection system, a spark may be caused by one or more of the following reasons:


a) Disconnection of bonds across pipeline joints.


b) Short-circuit of isolating joints, for example, by tools lying across a joint or breakdown due to voltage surges on the pipeline induced by lightning or electrical switching surges.


c) Disconnection or breakage of cable carrying cathodic protection current.


d) Connection or disconnection of instruments employed for measuring and testing of cathodic protection system.


11.4.2 In locations where any of the above hazards may arise, the operating personnel should be given suitable instructions and warning notices should be displayed.


11.4.3 It should be noted that likelihood of sparking is greater with impressed current system than with sacrificial anode system.


11.4.4  Remedies


The following safety measures should be adopted in hazardous areas where applicable:


a) Provide flameproof enclosure of all electrical equipment, namely, transformer / rectifier, resistive bonds, etc, in accordance with r elevant standards.


b) Provide continuous bonding cables across any intended break, before it is made, in protected pipelines.


c) Installation of insulating joints, as far as possible, in safe areas.


d) Jump over the insulated flanges with a surge diverter, which gives electrical/ metallic continuity for high voltages but is high enough to prevent cathodic protection currents from passing over.
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12  EXTERNAL CORROSION CONTROL RECORDS


The records are to be maintained to demonstrate the external corrosion control measures in such a manner that they should be clear, concise, workable manner and the data that is pertinent to the design, installation, operation & maintenance and effectiveness. The following records are to be maintained.


a) Corrosion leaks, breaks, and pipe replacements,


b) Pipe and external coating condition observed when exposed,


c) Result of soil resistivity survey,


d) Location of foreign structures,


e) Interference related test data,


f) Installation details of impressed current / galvanic system,


g) Interference mitigation facilities,


h) Reverse current switch details,


j) Record of surveys / inspections and test to be maintained to demonstrate the applicable criteria for interference control and cathodic protection have been satisfied, and


k) Records sufficient to demonstrate the evaluation of the need for and the effectiveness of external corrosion control measures should be maintained as long as the facility involved remain in service. Other related external corrosion control records should be retained for such a period as satisfies individual company needs.
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�Included OISD standards 188, 214 and 226



�Dropped the reference of upstream / downstream for generic application.(Only required for lengths > 20 mtr as per OISD-STD-226)



�For Low temp or live pipeline application reference OISD 226



�Presently Indian Oil is using cold applied PE tapes and Polyurethane. Hence the two products have been included. Polypropylene has been dropped as it not being used by any owner/client.



�Reference NACE SP 169



�Based on different international standards of ADNOC, Aramco,DNV,ISO and different technical papers. Presently Indian Oil is using cold applied PE tapes and Polyurethane. Hence these two products have been included.



� Reference: EIL, ExxonMobile, SHELL-DEP, EWPL



�Reference: EIL, ExxonMobile, SHELL-DEP, EWPL



�Reference: EIL, ExxonMobile, SHELL-DEP, EWPL



�Reference EIL standard



�Reference: Shell-DEP



�Reference EIL standard



�Reference OISD 226 / 188



�Included abbrevation



�Frequency OISD 188 5.11
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Superseding IS 8062(Part 1 and 2)


For Comments Only


Draft Indian Standard


CATHODIC PROTECTION OF BURIED


PIPIELINES/STRUCTURE FOR TRANSPORTATION OF OIL,


NATURAL GAS AND HYDROCARBON FLUIDS LIQUIDS — CODE OF PRACTICE

ICS 25.220.40; 75.200


_____________________________________________________________________


Not to be reproduced without the Last date for receipt of Permission of BIS or used as STANDARD comments is 17 Feb 2006


_____________________________________________________________________ FOREWORD


(Formal clause may be added later on)


This standard was first published in 1976. The standard has been prepared to serve as a guide for establishing minimum requirements for the control of external corrosion and underground pipeline/structure.


In this revision, following modification have been made merged:


i) Requirement of the following Indian Standards have been merged:

a) IS 8062 (Part 1): Code of practice for cathodic protection of steel structures Part 1 General principles.

b) IS 8062 (Part 2): Code of practice for cathodic protection of steel structures Part 2 Underground pipelines.

This revised standard supersedes the above Indian Standard.


ii) Scope of the standard has been modified by including CP for pipeline/structure for transportation of oil, natural gas and liquids keeping in view the present practices being followed in the country in laying of underground pipelines.

iii) New definitions have been included in the terminology clause; and


iv) Cathodic Protection design surveys and surveys during operation and maintenance have been included.


Assistance have been derived from the following:


ISO 15589 (Part 1):2003 Petroleum and natural gas industries - Cathodic protection of pipeline transportation systems - Part 1: On-land pipelines, issued by International Organization for Standardization ISO
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ISO 15589 (Part 2):2003 Petroleum and natural gas industries - Cathodic protection of pipeline transportation systems - Part 1: Offshore pipelines, issued by International Organization for Standardization ISO


NACE RP 0169:1996 Control of External Corrosion on Underground or Submerged Metallic Piping Systems, Issued by National Association of Corrosion Engineers (NACE), USA


For the purpose of deciding whether particular requirement of this standard is complied with the final value, observed or calculated, expressing the result of a test or analysis, shall be rounded off in accordance with IS 2:1960 `Rules for rounding off numerical values (revised)’. The number of significant places retained in the rounded off value should be the same as that of the specified valve in this standard.


1
SCOPE


This standard deals with the cathodic protection of high-pressure underground pipelines/structure and its general principles.


This standard is intended to serve as a guide for establishing minimum requirements for control of external corrosion on pipeline/structure system. Corrosion control by a coating supplemented with cathodic protection should be provided in the initial design and maintained during service life of pipeline system. Consideration should be given to the construction of pipeline in a manner that facilitates the use of in line inspection tools.


2 REFERENCE


The following standard contains provisions which through reference in this text, constitute provision of this standard. At the time of publication, the edition was valid. All standards are subject to revision, and parties to agreements based on this standard are encouraged to investigate the possibility of applying the most recent editions of the standards indicated below.


IS No.
Title


10221:1982
Code of practice for coating and wrapping of underground mild steel pipelines
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3
TERMINOLOGY


For the purpose of this code the definitions given below shall apply.


3.1 Anode – The electrode of an electrochemical cell at which oxidation occurs. Electrons flow away from the anode in the external circuit, which is normally metallic. The Anode is the area where metal goes into electrolyte and from where the actual metal loss takes place.


3.2 Anodic Polarization – The change of the electrode potential in the noble (positive) direction resulting from the flow of current between the electrode and electrolyte.


3.3 Backfill – The material which fills up the space between a buried anode and the surrounding soil. It should have low resistivity, moisture retaining capacity and be capable of increasing the effective area of contact between the anode and the environment.


3.4 Bond – A metal piece having very little electrical resistance for connecting two points on the same or different structures.


3.4.1  Drainage Bond – A bond to effect drainage of current.


3.4.2 Resistance Bond – A bond either incorporating resistors or of adequate resistance in itself for the purpose of limiting current flow.


3.5
Cable – One conductor or multiple conductors insulated from one another.


3.6 Cathode – The electrode of an electrochemical cell at which reduction occurs.


3.7 Cathodic Area – Area on which the cathodic (protection) current is picked up from an electrolyte.


3.8 Cathodic Disbondment – The destructionloss of adhesion between a coating and the coated surface caused by products of a cathodic reaction. 

39 Cathodic Polarization – The change of electrode potential in the electronegative direction resulting from the flow of current between the electrolyte and electrode.
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3.10 Cathodic Protection – A method of protecting a metallic structure from corrosion by making it a cathode so that direct current flows on to the structure from the surrounding electrolytic environment.


3.11 Cell – An electrolytic system consisting of anode cathode and an electrolyte.


3.12 Coating – A dielectric material applied to a structure to separate it from its immediate environment.


3.13 Coating Disbondment – The loss of adhesion between a coating and the pipe surface.


3.14 Coating System – A coating, consists of various components which provide effective electrical insulation of the coated structure from its immediate environment.


3.15 Conductor – A material suitable for carrying an electric current. It may be bare or insulated.


3.16 Continuity Bond – An intentional metallic connection that provides electrical continuity.


3.17 Corrosion – The degradation of a material, usually a metal, that results from an electochemical reaction with its environment.


3.18 Corrosion Potential – The mixed potential of a freely corroding pipe/structure surface with reference to an electrode in contact with the electrolyte surrounding the pipe/structure.


3.19 Corrosion Products – Chemical compound produced by the reaction of a corroding metal with its environment.


3.20 Corrosion Rate – The rate at which corrosion proceeds (It is usually expressed as either weight loss or penetration per unit time).


3.21 Criterion – Standard for assessment of the effectiveness of a cathodic protection system.


3.22 Crossing Point – A point where two or more buried or immersed structures cross in a plan.
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3.23
Current Density – The current per unit area of an electrode surface.

3.24 Differential Aeration – Unequal access of oxygen / air to various parts of a structure resulting in local cell action and a consequent corrosion of the less  more aerated parts.



3.25 Diode – A bipolar semi- conducting device having a low resistance in one direction and a high resistance in the other.


3.26 Drainage - Draining of electric current from a cathodically protected/affected structure back to its source through an external conductor.


3. 27 Driving EMF – Driving emf is the open circuit potential difference between a structure to be protected (a cathode) and the system of anodes which protects it. The EMF does not include the voltage drop in the soil or in the connecting load and is the total voltage available for establishing a protective circuit. The driving emf in galvanic cells is fixed while that in an impressed current system is variable.


3.28
Earth


a) The conducting mass of earth or of any conductor in direct connection therewith.


b) A connection, whether intentional or unintentional, between a conductor and the earth.


c) To connect any conductor with the general mass of earth.


3.29 Electrical Isolation – The condition of being electrically separated from other metallic structures or the environment.


3.30 Electrical Survey – Any technique that involves coordinated electrical measurements taken to provide a basis for deduction concerning a particular electrochemical condition relating to corrosion or corrosion control.


3.31 Electrode – A conductor of the metallic class (including carbon) which carries current into or out of an electrolyte.


3.32 Electrolyte – A chemical substance containing ions that migrate in an electric field.


3.33 Foreign Structure – Any structure that is not intended to be a part of the system of interest.


5


IS 8062:2006


Doc: MTD 24(4675)W

3.34 Galvanic Anode – The electrode in a galvanic couple formed by two dissimilar metals (as applied to cathodic protection) in which the galvanic current is flowing from this electrode into the electrolyte. The galvanic anodes corrode and are designated as sacrificial anodes.


3.35 Galvanic Current – A current passing into or out of a structure due to a galvanic couple being established in which the structure forms one of the electrodes. By using less noble metals artificial galvanic couples are formed in such a way, that the galvanic current protects a desired structure.


3.36 Galvanic Series – A list of metals and alloys arranged according to their corrosion potentials in a given environment.


3.37 Ground Bed – A system of buried or submerged electrodes connected to the positive terminal of an independent source of direct current, in order to lead the current used for the cathodic protection of a buried or immersed metallic structure, to earth.


3.38 Holiday – A defect, including pinholes in an otherwise uniform protective coating that exposes the metal to the surrounding earth.


3.39 Impressed Current – A direct current impressed on a structure from an external power source for providing cathodic protection to it.


3.40 In-line Inspection – The inspection of a steel pipeline/structure using an electronic instrument or tool that travels along the interior of the pipeline/structure.


3.41 Insulating Flanges – Flanges which permit mechanical continuity but break the electrical continuity.


3.42 Interference – A change in the electrical parameters of a pipeline/structure, including its potential, because of the presence of another pipeline/structure or an external source of power in its vicinity.


3.43 Interference Bond – An intentional metallic connection designed to control the electrical current flowing between metallic systems.
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3.44
IR Drop – The voltage across a resistance in accordance with Ohm’s law.


3.45
Line Current – The direct current flowing on a pipeline.


3.46 Long-line Corrosion Activity – Current flowing through the earth between an anodic and a cathodic area that returns along an underground metallic structure.


3.47 Mixed Potential – A potential resulting from two or more electrochemical reactions occurring simultaneously on a metal surface.


3.48 Pipe-to-Electrolyte Potential – The potential difference between the pipe metallic surface and electrolyte that is measured with reference to an electrode in contact with the electrolyte.


3.49 Polarization – A shift in the potential of an electrode resulting from a flow of current between the electrode and the electrolyte surrounding it.


3.50 Polarization Potential – The potential across the structure / electrolyte interface that is the sum of the corrosion potential and the cathodic polarization.


3.51 Primary Structure – The basic structure to which cathodic protection is to be applied, as distinct from a secondary structure, on which interference takes place.


3.52 Protective Current – It is the total current to be picked up on the structure so that it reaches protective potential.


3.53 Protective Potential – The potential of a structure with reference to a specified standard reference half cell at and below which the structure stops corroding due to any electrolytic action.


3.54 Rectifier – An electrical equipment for converting ac from supply mains into dc.


3.55 Reference Electrode – An electrode whose open circuit potential is constant under similar conditions of measurement used to measure the structure to electrolyte potential.
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3.55.1 The hydrogen electrode is taken to be the standard with reference to which other electrode potentials are determined. It is inconvenient in practice to use hydrogen electrode. Therefore, certain electrodes known as reference electrodes are used in potential measurements in the studies of corrosion and cathodic protection. Potentials of some useful reference electrodes are given below:


Potentials of reference electrodes with reference to standard hydrogen electrode at 25oC


		Sl. No.

		Electrode

		Potentials



		

		

		

		(Volts)



		(1)

		

		(2)

		(3)



		i)

		Saturated calomel

		

		+ 0.24

		



		ii)

		Silver / silver chloride / saturated KCl

		+ 0.22

		



		iii)

		Copper / copper sulphate

		+ 0.32

		



		iv)

		Zinc / sea water

		

		- 0.78

		(approximately)





3.56 Reverse -Current Protection Switch – A device that prevents the reversal of direct current through a metallic conductor.


3.57 Secondary Structure – A structure not in view when cathodic protection is originally planned, but enters the picture as a result of interference.


3.58 Shielding – Preventing or diverting the cathodic protection current from its intended path.


3.59 Shorted Pipeline Casing – A casing which is in direct metallic contact with the carrier pipe.


3.60 Sound Engineering Practices – Reasoning exhibited or based on thorough knowledge and experience, logically valid and having technically correct premises that demonstrate good judgment or sense in the application of science.


3.61 Stray Current – Unintended current flowing through a path other than the intended circuit.
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3.62 Stray-current Corrosion – Corrosion resulting from stray current transfer between the pipe and electrolyte.


3.63 Structure to Electrolyte Potential – Potential of a structure with reference to a standard reference electrode located as close to the structure as is practically permissible in the electrolyte or soil.


3.64 Telluric Current – Current in the earth as a result of geomagnetic fluctuations.


3.65 Voltage – An electromotive force or a difference in electrode potentials expressed in volts.


3.66 Wire – A slender rod or filament of drawn metal. In practice, the term is also used for smaller gauge conductors [6 mm2 (No.10AWG) or smaller].


4
PIPELINE SYSTEM DESIGN


The following requirements should be considered, while designing the pipeline system, so that cathodic protection system can be implemented successfully.


4.1
External Corrosion Control


External corrosion control must be a primary consideration during the design of the pipeline system. Material selection and coatings are the first line of defence against external corrosion. Because perfect coatings are not feasible, cathodic protection system must be used in conjunction with coatings. Materials and construction practices that create electrical shielding should not be used on pipeline. Pipeline should be installed at a location where proximity to other structure and surface formation will not cause shielding.


4.2
Electrical Isolation


Isolating devices such as flange assemblies, isolating joints or couplings, dielectric fittings 
should be installed within pipeline system where electrical isolation of portions of system is required to facilitate the application of external corrosion control. Following locations should be considered while deciding isolating device.


a) Point at which facility change ownership such as metering stations or well heads;


b) Compressor or pumping station;


c) Stray current areas;


d) Junction of dissimilar metal;


e) Junction of coated pipeline and bare pipeline; and
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f) Location where electrical grounding is used such as motor operated (MOVs) and instrumentation, it should be suitably grounded without draining the protective current.


4.2.1  Insulating Flange


Pipeline may be sectionalized electrically to control current flows of either galvanic or external origin. Usually this is done by inserting ‘insulating flanges’, mono-block or isolating joint depending upon the location. (See Fig.1and 2)


[image: image1.jpg]Wield closure
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FIGURE1 OF MONO BLOCK
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FIGURE2 OF ISOLATING JOINT


4.2.1.1 Pipe surfaces on each side of such insulating flanges should be protected from contact with soil for a distance of at least 50 times pipe diameter in order to prevent concentrated flow of current from section to section around the insulation. This protection is obtained most effectively by placing the pipe above ground on suitable supports; however, where such a plan is impracticable, an effective alternative is to apply extra thick coating along the requisite length of pipe and also completely encase the insulating flange with the same coating. Insulating joints should be painted with a distinct colour for easy identification. In zones highly susceptible to lightning, care should be taken that the insulation material is not damaged by electrical stresses set up by lightning strikes. For this purpose, buried insulating joints are grounded with grounding cells and above ground insulating joints are protected with spark gaps.


4.2.1.2 Care should be taken to see that the insulated flanges are not short-circuited by chips of metal, dirt, etc. In certain cases this is ensured by mounting over the flanges, shrouding boxes and then filling these boxes with bitumen.


4.3
Electrical Continuity – Unimpeded Flow of Current


4.4 Test Points/Stations – Test points/stations for measuring pipe to soil potentials should be located at intervals along the pipeline where they will be conveniently accessible to the corrosion engineer. The test station for potential, current or resistance measurement should be provided at sufficient locations to facilitate testing of cathodic protection parameters, such locations may include, but are not limited to the following:


a) All road / rail cased crossings, both upstream and downstream. At all road/rail/river/canal crossing, both upstream and downstream.


b) Crossing of two or more lines.


c) Insulating flanges (both sides).
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d) Location where the pipe passes through corrosive environment, such as salty marshes, waterlogged soils, stray current zones, etc..


e) Valve stations.


f) Stray current areas.


g) Rectifier installations.


h) Bridge crossings.


j) Anode ground bed.


Brazed connections including thermit welding processes should not be made within 150 mm of the main butt or longitudinal weld in high tensile steel pipe. The connection should be tested for mechanical strength and electrical continuity.


4.5
Road and Rail Crossings


As far as possible, cased crossings should be avoided wherever they are not necessary. In India, it is mandatory to cross railway tracks by using casing. For pipelines crossing under rail / road tracks, etc, an agreement would have to be made with the concerned authorities.


No long pipeline can avoid crossing of roads and rails. Special precautions are necessary at such locations to safeguard the carrier pipeline by passing it through an additional oversize pipe termed a ‘Casing Pipe’. The section of the pipe thus encased in the ‘Casing pipe’ is termed as a ‘Carrier Pipe’. Casing pipes may act as a shield to the flow of cathodic protection current to the carrier pipes thereby defeating their primary purpose of providing safety.


The section of carrier pipe inside the casing should have the best possible standard of coating with as few holidays as possible. The carrier pipe should be insulated from casing pipe supported by plastic insulating supports fitted to it at regular intervals. The carrier pipe inside the casing should be kept dry by use of suitable end-seals and by filling the annulus between carrier and casing pipe with a suitable insulating material such as wax, sand and Bentonite mixture, concrete slurry or petroleum jelly. This will prevent future ingress of water in the annulus. Proper construction practices for cased crossings and proper fixing of end seals (including use of pressure type end seals) must be ensured for preventing problems of electrical shorts between carrier and casing future ingress of water in the annulus may be prevented.


4.6
Concrete Encased Pipe


Pipe encased in concrete, for example, as at river crossing, valve boxes, etc, may be cathodically protected, where it is passing through highly saline soil and the water table is high.
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4.7
River Crossings


There are three alternate methods of crossing of rivers and small streams


a) Submerged crossings,


b) Suspended crossings, and


c) Use of existing road and rail pipe bridges.


For submerged crossings, care should be taken to give the submerged section of the pipe the best possible standard of coating with as few holidays as possible. For the other two methods, the pipe should be insulated from the metallic hangers, on which the pipes are supported, by using suitable insulating material such as neoprene sleeves. This is required only, if the pipe along the crossing is protected cathodically. On account of the restrictions imposed by railway authorities, pipelines over railway bridges are isolated by installing insulating flanges at both ends of the bridge. It should be noted that the flange towards the bridge end should be insulated and not that at the main line end.


5  PIPELINE EXTERNAL COATING


The function of external coating is to control corrosion by isolating the external surface of the underground or submerged pipeline from the environment, to reduce cathodic protection current requirements, and to improve current distribution. External coatings must be properly selected and applied and coated pipe should be carefully handled and installed to fulfill these functions. The following types of coatings are normally used for high pressure cross-country underground pipelines:


a) 3 Layer polyethylene,


b) Fusion bonded epoxy,


c) coal tar enamel and tape (IS 10221)

d) Polyurethane
, and 

e) Cold applied PE tapes


6 CRITERIA FOR CATHODIC PROTECTION


External corrosion protection can be achieved at various level of cathodic polarization depending on the environmental conditions. However, in the absence of specific data that demonstrates that adequate cathodic protection has been achieved one or more of the following conditions shall apply.
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6.1 A negative (cathodic) potential of at least 850 mV with the cathodic protection applied. This potential is measured with respect to a saturated copper


· copper sulphate reference electrode contacting the electrolyte. Voltage drops other than those across the structure-to-electrolyte boundary must be considered for valid interpretation of this voltage measurement.


Consideration is understood to mean the application of sound engineering practice in determining the significance of voltage drops by methods such as:


a) Measuring or calculating the voltage drop(s);


b) Reviewing the historical performance of the cathodic protection system;


c) Evaluating the physical and electrical characteristics of the pipe and its environment; and


d) Determining whether or not there is physical evidence of corrosion.


6.2 A negative polarized potential of at least 850 mV relative to a saturated copper / copper sulfate reference electrode.


6.3 A minimum of 100 mV of cathodic polarization between the structure surface and a stable reference electrode contacting the electrolyte. The formation or decay of polarization can be measured to satisfy this criterion.


6.4
Special Conditions


6.4.1 On bare or poorly coated pipelines where long-line corrosion activity is of primary concern, the measurement of a net protective current at predetermined current discharge points from the electrolyte to the pipe surface, as measured by an earth current technique, may be sufficient.


6.4.2 In some situations, such as the presence of sulfides, anaerobic/aerobic bacteria, elevated temperatures, acid environments, and dissimilar metals, the above criteria may not be sufficient and (-) 950 mV is to be applied.


6.4.3 There is also a safe upper limit up to which the potential should be applied for various coatings. Coating manufacturers’ recommendations should be considered for application of safe upper limits. A higher potential may cause evolution of hydrogen which may damage the coating.
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6.5
Other Considerations


6.5.1 Methods for determining voltage drops should be selected and applied using sound engineering practice. Once determined, the voltage drops may be used for correcting future measurements at the same location, providing conditions such as pipe and cathodic protection system operating conditions, soil characteristics and external coating quality remains similar.


6.5.2 When it is impracticable or considered unnecessary to disconnect all current sources to correct for voltage drops in the structure to electrolyte potential measurements, sound engineering practices should be used to ensure that adequate cathodic protection has been achieved.


6.5.3 Situations involving stray currents and stray electrical gradients may exist that require special analysis.


6.5.3.1 Where feasible and practicable, in-line inspection of pipelines may be helpful in determining the presence or absence of pitting corrosion damage.


7 CATHODIC PROTECTION SYSTEM DESIGN


7.1 Major objective of cathodic protection system design includes the following:


a) To provide sufficient current to the pipeline so that selected criteria of cathodic protection system is effectively achieved.


b) To minimize interference current on or from neighbouring underground structure.


c) To provide a design life of anode system commensurate with the life of pipeline.


d) To provide adequate allowance for anticipated change in cathodic protection current requirements with time.


e) Adequate monitoring facilities to test and evaluate cathodic protection system performance.
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7.2
Cathodic Protection Design Surveys


The following information is useful for designing proper cathodic protection system:


a) Useful pipeline system specifications which should include route maps, external coating, casing details, isolating devices, electrical bonds locations, aerial bridge and crossings such as rail/road/river/canal/pipeline and under water crossings, overhead high tension electric lines.

b) Site condition information like existing or proposed cathodic protection system, possible interference sources, special environmental conditions, neighboring buried metallic structures, power availability and feasibility of electrical isolation from foreign structures.


c) Useful information from field surveys like protective current requirement, soil resistivity, soil ionic and microbial loading. Surveys given below are generally carried out to collect the data form the field, which helps in designing the cathodic protection System of any pipeline


a) Marking following on route maps and geological maps :


i) CP protected structures crossing close;


2) any DC current sources; and


3) location of HV or EHV power system


b) Soil resistivity surveys;


c) Soil chemical analysis for ionic & microbial / bacterial loading; and


d) Current requirement survey.


It is always better to use the protective current requirement data base on existing pipelines which are being operated almost in the same type of environment. However in absence of such data, protective current density given below for various coating can be considered as a minimum requirement:
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Protective current density, minimum


a) Pipelines having 3 layer polyethylene coating
.


		Sl No.

		Pipeline Surrounding

		Minimum Protection Current Density (µA/m2)



		1

		Soil resistivity 10 ohm m to 100 ohm.m

		50



		2

		Soil resistivity less than 10 ohm.m

		125



		3

		Soil resistivity more than 100 ohm.m

		35





b) Pipelines having fusion bonded epoxy.


		Sl No.

		Pipeline Surrounding

		Minimum Protection Current Density (µA/m2)



		1

		Soil resistivity 10 ohm m to 100 ohm.m

		125



		2

		Soil resistivity less than 10 ohm.m

		500



		3

		Soil resistivity more than 100 ohm.m

		90





c) Pipelines having coal tar enamel (IS 10221) coating.


		Sl No.

		Pipeline Surrounding

		Minimum Protection Current Density (µA/m2)



		1

		Soil resistivity 10 ohm m to 100 ohm.m

		300



		2

		Soil resistivity less than 10 ohm.m

		2000



		3

		Soil resistivity more than 100 ohm.m

		200





d) Pipelines having polyurethane coating.

		Sl No.

		Pipeline Surrounding

		Minimum Protection Current Density (µA/m2)



		1

		Soil resistivity 10 ohm m to 100 ohm.m

		100



		2

		Soil resistivity less than 10 ohm.m

		350



		3

		Soil resistivity more than 100 ohm.m

		80





e) Pipelines having cold applied PE tapes.

		Sl No.

		Pipeline Surrounding

		Minimum Protection Current Density (µA/m2)



		1

		Soil resistivity 10 ohm m to 100 ohm.m

		80



		2

		Soil resistivity less than 10 ohm.m

		250



		3

		Soil resistivity more than 100 ohm.m

		50





7.3 Temporary cathodic protection (TCP) is recommended when construction period is more than 3 months and soil resistivity is less than 100 Ohm-m.while designing TCP the current density should be at least 50 percent of the values given in under 7.2.

7.4 Anodes should be installed in backfill material comprising of gypsum (75 percent), bentonite (20 percent), sodium sulphate (5 percent) and carbonaceous coke breeze for impressed current anodes with factor of safety 1.3 and utilization factor as given below. Anode ground bed type and design should be as per the site conditions.
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		Utilization Factor

		Centre Connected

		End Connected



		ZINC (Zn)

		0.85

		0.5



		Magnesium (Mg)

		0.85

		0.6



		Aluminum (Al)

		0.85

		0.6



		Mixed Metal Oxide (MMO)

		0.80

		0.90



		High Silicon

		0.80

		0.6





7.5
Types of Cathodic Protection


There are two methods of cathodic protection of underground pipelines, namely:


a) Sacrificial anode system, and


b) Impressed current system.


17


IS 8062:2006


Doc: MTD 24(4675)W


7.5.1  Sacrificial System


In the Sacrificial anode system, sacrificial anodes based on soil resistivity should be used as given in Table below. The structures remain in electrical contact with the anode in the electrolyte. The performance of any anode depends on composition and operating conditions. Sacrificial anodes are limited in current output by the anode to pipe/structure driving voltage and electrolyte resistivity. (See Fig 3)


________________________________________________________________


Anode
Soil Resistivity
Distance from Pipe/Structure


Ohm-m
m


________________________________________________________________


		Zinc (Zn)

		.01- 10

		2



		Magnesium

		>10 - 45

		5



		Ribbon

		>45 –100

		0.5



		Aluminum (Al)

		-

		General flush





________________________________________________________________


[image: image3.jpg]Curren

Tmpressed current Anode






Figure 3 Sacrificial Anode
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7.5.2  Impressed Current System


In the impressed current system, current is impressed upon the cathode under a suitable direct current voltage. (See Fig.4). The anode may be of inert type or one with a low rate of consumption. High Silicon cast iron and mixes metal oxide coated titanium (MMO-Ti) anodes are typically used for soil applications, while MMO-Ti and lead and platinized titanium anodes are suitable for sea water.

[image: image4.jpg]Current
_—

—_—

—_—

Sacrificial Anode

Pipeline







Figure 4 Impressed Current Anode


7.6
Choice of Method for Cathodic Protection


The choice between the two systems of cathodic protection, namely, sacrificial anode and impressed current depends on a detailed assessment of the technical and economic factors involved. Generally, sacrificial anode cathodic protection system is used for temporary protection of pipeline till permanent cathodic protection system is commissioned and reliable power supply is arranged. However, the choice between the two systems depends on the following factors:


a) Magnitude of protective current required,


b) Stray currents causing significant pipe to soil potential fluctuations,


c) Effect of cathodic protection interference current on additional other buried structures that may limit the use of impressed current system.


d) Availability of power,


e) Electrical resistivity of the environment,


f) Cost of installation, operation & maintenance,


g) Future development of right of use (RoU),


19


IS 8062:2006


Doc: MTD 24(4675)W

h) Physical space available and other construction and maintenance concerns, and


j) Design life of the cathodic protection system


7.7
Sources of Power


The usual source of power for cathodic protection is derived from state grid operated transformer rectifier. Where state grid power is not available, other type of sources can be arranged like :


a) Closed cycled vapour turbo alternator (CCVT),


b) Thermo electric generator (TEG),


c) Solar power,


d) Diesel generator, and


e) Any other reliable source of power.


While selecting the power source for cathodic protection system, following considerations should be taken into account:


a) Reliability,


b) Maintenance requirement,


c) System life,


d) Initial cost,


e) Type of fuel, and


f) Operating cost.


7.8
Design Drawings and Specifications


Suitable drawing/schematic should be prepared to designate the overall layout of pipeline to be protected with location of significant items. Drawing/schematic should also be prepared for cathodic protection installations giving the details of location of the system, type of anodes, weight, size and configuration including backfill details.


8 CONSTRUCTION AND INSTALLATION OF CATHODIC PROTECTION SYSTEM


All construction work on cathodic protection systems should be performed in accordance with construction drawings and specifications. Construction work should be performed under the surveillance of trained and competent personnel to verify that the installation is in strict accordance with drawings and specifications.
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8.1
Sacrificial Anodes


8.1.1 While inspecting, handling and storing sacrificial anodes, the following should be taken into consideration:


a) Pre- packed anodes should be inspected and steps taken to ensure that backfill material completely surround the anode.


b) Lead wire must be securely connected to the anode and should not be in damage condition.


c) Bracelet or ribbon type sacrificial anodes should be inspected to ensure the dimensions conform to design specifications .and if any is found during handling.


8.1.2 While installing the sacrificial anodes, the following should be taken into consideration:


		

		a)

		Anodes should be installed according to construction specifications.



		

		b) Packaged sacrificial anodes should be backfilled with appropriate



		

		

		compact material.



		

		c)

		During application of bracelet anodes, external coating beneath the



		

		

		anode should be free of holidays.



		

		d)

		When ribbon type anode is used, it can be trenched or plowed in with



		

		

		or

		without backfill as required but generally parallel to the section of



		

		

		pipeline to be protected.



		8.2

		Impressed Current System



		8.2.1

		While

		inspecting  and  handling,  the  following  should  be  taken  into





consideration:


a) Rectifier or other power source should be inspected to ensure that internal connections are mechanically secured and unit is free of damage. Rating of the DC power source should comply with the design specifications.


b) Impressed current anodes should be inspected for conformance to the specifications concerning anode material, size, and length of lead cable, anode lead connection and integrity of seal.


c) All cables should be carefully inspected to detect defect in insulation.


d) Anode backfill should conform to the specifications.
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8.2.2 While installing impressed current system, the following should be taken into consideration:


a) A rectifier or other power source should be installed in such a manner that the possibility of damage or vandalism is minimized.


b) Wiring to rectifiers should comply with National Electrical Codes.


c) On thermo electric generators, a reverse current protection device should be installed to prevent galvanic action.


d) Impressed current anodes with suitable backfill can be buried vertically, horizontally or in deep holes as indicated in design specifications.


9 INTERFERENCE IN CATHODIC PROTECTION


9. 1   General


Cathodic protection interference is the undesirable current flow, between one or more cathodically protected / unprotected pipelines/structure, etc, and the pipeline in question and the undesirable current flow in pipeline in question under influence from overhead electric transmission lines . Efforts have to be made to minimize / eliminate the adverse effect of interference currents.


9.2  Criteria for Corrosion Interference


Since positive potential changes are liable to accelerate corrosion, the structure / electrolyte potential changes are used as the basis for permitted degree of interference. The maximum positive potential changes at any part of a secondary structure, resulting from interference, should not exceed 50 mV of potential.


9.2.1 Interference between multiple cathodically protected pipeline/structure and overhead electric transmission lines in proximity to each other is continuous evolving process. Therefore in order to resolve interference problem from time to time, it is essential for the owners of multiple pipelines/structure to co-operate and exchange relevant information related to their respective cathodic protection system to comply the requirements given in 8.2.


9.2.2 In order to minimize the cathodic protection interference between existing and upcoming pipelines/structure in close vicinity or in common right to use (RoU) should have as far as possible similar type of coating.


9.2.3 In order to minimize the cathodic protection interference due to overhead electric transmission lines, suitable measures for draining out limiting the excess voltage build-up in pipeline should be considered in design part.


are to be incorporated in the design itself.
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9.3 Mechanism of Interference Current Corrosion (Stray Current Corrosion)


Interference current corrosion on buried or submerged metallic structures differs from other types of corrosion damage. The direct current, which causes the corrosion, has an origin foreign to the affected structure, that is, the interfering current is collected from the electrolyte by the affected structure from a direct current source not electrically bonded to the affected structure.


a) Detrimental effects of interference currents usually occur at locations where the currents are discharged from the affected structure to the electrolyte.


b) Under some circumstances, coatings may become disbonded at the area where excess current is forced on to the affected structure. This passage of current from the electrolyte to the structure is not considered damaging pipelines/structure, but as the coating becomes disbonded, more area of metal will be exposed. This can increase the demand for cathodic protection current and the disbonded 3LPE coating may create shielding problems.


9.4 The severity of corrosion resulting from interference currents depends on several factors:


a) Relative location of the interfering and affected structures and location of interfering current source.


b) Magnitude and density of the current.


c) Quality of the coating, or absence of a coating on the structures involved.


d) Presence and location of mechanical joints having high electrical resistance.


9.5
Source of Interference Currents


9.5.1 Constant current – Sources have essentially constant direct current output, that is, cathodic protection rectifiers, thermoelectric generators, and HVDC power transmission systems.


9. 5.2 Fluctuating current – Sources have a fluctuating direct current output, that is , direct current electrified railway systems, coal mine haulage systems and pumps, welding machines, direct current power systems and telluric currents.
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9.6 Detection of Interference Currents


Interference Currents can be detected by some of the following:


a) Structure-to-soil potential changes on the affected structure caused by the foreign direct current source.


b) Changes in line current magnitude or direction caused by the foreign direct current source.


c) Localized pitting in areas near a foreign structure.


d) Breakdown of protective coatings in a localized area near an anode bed, or near any other source of direct current.


9.7 In areas where interference currents are suspected, all affected parties shall be notified and appropriate tests shall be conducted. Any one or combination of the following test methods may be employed:


a) Measurement of structure-to-soil potentials with recording or indicating instruments.


b) Measurement of current flowing in a structure with indicating or recording instruments.


c) Measurement of the variations in current output of the suspected source of interference current and correlation with measurements obtained as detailed above.


9.8
General Methods for Resolving Interference Current Problems


a) Prevention of the pick-up or limitation of the flow of interference current through a buried or submerged metallic structure.


b) Removal of the adverse effects of interference current by means of a bond. Before bonds are installed, approval must be obtained from all affected parties.


c) Counteraction of the effect of interfering current by means of cathodic protection.


d) Removal or relocation of interfering current source.


9.9
Methods for Resolving the Interference Current Problems


a) Restoration of the structure-to-soil potentials of the affected structure to a mutually agreed protection level.


b) Measurement of line currents on the affected structure to verify that they are not being discharged to the electrolyte.


c) Use of earth current measurement techniques applied in the electrolyte between the affected and interfering structures at the area of maximum current discharge.
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9.10
Stray Current Corrosion and Cathodic Protection


9.10.1
Causes


If a pipeline lies within a current return path resulting from electrical system, such as dc traction, welding or electrolytic plants, etc, there is an opportunity for the current to enter and leave the line, corroding the latter section of the pipeline at a much faster rate than that due to the galvanic effect. Because of the inherently accidental or unintentional nature of such current, they are usually known as ‘stray currents’ and the resulting corrosion as stray current corrosion.


9.10.2  Source


By far the greatest source of stray current is electric railway or train car where the negative of the dc supply is usually connected to running rails. If the return path of the rail is not effective the return current is forced to pass into the ground. Multiple pipelines/structure laid in same right of use and having different conditions of coating/ current requirements, overhead high direct current transmission lines is becoming the major problem related to mitigation of interference.


9.10.3  Remedial Measures


This stray current corrosion may be mitigated by: (a) a very good coating; (b) by ensuring that the continuity of the path of the traction is effective, in consultation with the traction authorities; and (c) by bonding the pipeline to a return rail at the most negative position of the track, that is, near sub -station or where negative feeders are connected to the rails. The bonding cable will then carry most of the return traction current back to the point of supply, thus ensuring that the structure receives partial or, sometimes, complete cathodic protection. To avoid accidental current reversals in this type of drainage bond, a unidirectional relay / diodes are usually provided in series with the cable providing the bond.


If the track voltage is likely to attain relatively high value, it is necessary to protect the unidirectional relay and bond against excessive currents by means of suitable series resistors and / or inductors and overload circuit-breakers and by providing more than one drainage connection.
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9.11
Overhead High Voltage Transmission Lines


9.11.1 A minimum separation of 15 m should be maintained between pipelines and transmission tower footings and ground cables. Regardless of separation, consideration should always be given to lightning and fault current protection of the pipelines.


9.11.2 It is desirable for the pipelines and transmission lines to cross at right angles. Pipelines in proximity to high voltage a.c. line(s) are influenced by the current carried by the high voltage a.c. line(s). This current induces an a.c. voltage in the pipeline that can cause safety hazards to personnel, a.c. corrosion and damage to electrical components connected to the pipeline. Touch voltages in excess of 50V a.c. (RMS) are hazardous to personnel. Further, touch voltage in excess of 10V a.c. (RMS) may cause a.c. corrosion of the pipeline. Normal operational current can lead to hazardous touch voltages and fault current may cause touch voltages up to several thousands volts a.c. touch voltages induced on pipelines in proximity to high voltage a.c. line(s) should be measured using a high impedance a.c. voltmeter and an electrode (such as a copper / copper sulphate reference electrode or any metallic low resistance contact to soil) placed in the soil above the pipeline. It is necessary to mitigate touch voltages by grounding the pipeline at appropriate points where the touch voltage is significant. The pipeline should be grounded at points where the pipeline or the high voltage a.c. line(s) significantly changes direction. In this context, the extent of parallelism and the distance between the pipeline and high voltage a.c. line(s) is needed to be studied. For grounding of pipeline, suitable, low maintenance a.c. mitigation devices should be used in conjunction with a low resistance metallic electrode such as G.I. rod.


10 OPERATIONS AND MAINTENANCE


10. 1 Routine for Measurements


10.1.1 The direct current voltage and current outputs of the transformer / rectifier and pipe/structure to soil potential at drain points should be monitored at least once a fortnight. These measurements verify the satisfactory operation of the transformer rectifiers, the ground beds, and the connecting cables.


10.1.2 Measurements of pipe-to-soil potential should be taken monthly at vulnerable points where access is easy and quarterly basis at all test points. There may be a seasonal variation in potential, which can be compensated for by increase / decrease of the appropriate transformer / rectifier settings.
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10.1.3 Where stray current problem exists, more frequent checks may be made


10.2  Surveys During Operation and Maintenance


Various specialized survey techniques are available, without requiring any direct access to the pipeline metal surface, to assess the protective system adequacy, non-destructively. Usually, each of these provide different information although there is some overlap. The specific requirements of a pipeline need be considered while selecting survey techniques or a combination of surveys;


a) C P L surveys ( On/off ) – To check effectiveness of CP System.


b) Pearson surveys – To check coating condition.


c) Current attenuation test (CAT) – To check coating condition.


d) D C V G surveys – To check exact location of coating defect.


e) Coating resistance surveys- Coating condition degradation.


10.3  Faults and Remedies


10.3.1 Electrical faults may occur in the bodies of the anode material due to excessive current. Anode failure may also occur due to a faulty seal on the connection. The anode in question may be located by traversing along the groundbed with a voltmeter and two half cells and should be replaced.


10.3.2 Cable faults which may occur due to various reasons, namely, mechanical damage, deterioration of insulation which for positive cable will result in rapid deterioration of the conductor can be found by excavation and inspection. The cables should be jointed or replaced.


10.3.3 Sudden local changes in the pipe -to-soil potential readings may be due to many causes, the principal of which are:


a) Local flooding – Transformer / rectifier setting should be readjusted.


b) Severe local coating damage or deterioration. The damaged coating should be located either by visual examination or by use of the Pearson holiday detector / CAT survey / DCVG survey and bore hole inspection made good.
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c) When a casing is short-circuited to the pipe the potential on the pipe is expected to be relatively less negative, and it could even be less negative than the accepted value in or around the point of short. The current drawn from the rectifier system is expected to suddenly increase. When this is noted the ends of the casing would then have to be excavated and the cause of the ‘short’ found and removed. Where tests indicate that the point of contact is well back from the end of the casing, the chances are that it cannot be cleared with any reasonable effort and expense by working from the casing ends. To safeguard the carrier pipe inside such ‘non-clearable’ casings, any of the following methods may be adopted:


1) To fill the entire annular space between pipe and casing with a material that will stifle any corrosion tendency. Proprietary casing compounds (greases containing chemical inhibitors) or unrefined petroleum (low in sulphur content) may be used.


2) To install magnesium anodes on both sides of the line at each end of the casing.


9.3.4 The depth of the pipeline shall be adequate to have a uniform distribution of cathodic protection current.


9.3.5 When two more pipelines are running in parallel and in close vicinity, the effect of shielding should be avoided.


11 SAFETY PRECAUTIONS


11. 1   General


As cathodic protection necessitates the use of electrical equipment, certain safety precautions should be taken in hazardous areas.


11. 1.1 Safety precautions for rectifiers, switches and cables are the same as for any other equipment appliance. The lowered potential of cathodically protected steel structures with reference to the surroundings means that contact with another steel structure which will normally be at zero potential may produce a spark. It is recommended, therefore, that every precaution should be taken to avoid such sparking.
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11.2
Danger of Electric Shocks


Voltages in excess of 50 V d.c. are seldom used for cathodic protection, thus the danger from electrical shock is very unlikely. Safety procedures should be adopted to switch off the cathodic protection or installation of grid earthing while working on the pipeline during cutting, tapping, etc. It is further advisable to put a temporary bond around the line before starting the work on the line and this bond allowed to remain till the job is finished. This bond should be no less in size than standard welding cable and provided with suitable clamps. Attention should also be paid to the danger of possible harm to life near the ground beds due to the voltage gradient at the surface of the soil. Following precautions are to be taken in this regard.


a) The dc output of the rectifier transformer should not exceed 50 V d.c.


b) The leads are fully insulated and protected against mechanical damage.


11.3 Fault Conditions in Electricity Power Systems in Relation to Remedial and / or Unintentional Bonds


There is a possible risk in bonding a cathodic protection system to any metal work associated with the earthing system of an electricity supply network, specially in the vicinity of high voltage sub-stations. Therefore, such bonding should not be accepted as a general rule, any exception to it being made by the corrosion engineer himself, after competent tests.


11.3.1 Bonds between metal work, associated with an electricity power system (for example, cable sheath) and cathodically protected structures, can contribute an element of danger when abnormal conditions occur on the power network. The principal danger arises from the possibility of current flow, through the bonds, to the protected structure, due to either earth-fault conditions or out-of-balance load currents from the system. This current, together with the associated voltage rise, may result in electric shock, explosion, fire, overheating and also risk of electrical breakdown of coatings on buried structures. Such hazards should be recognized by the parties installing the bond and any necessary precautions taken to minimize the possible consequence. The rise in temperature of conductors, joints and accessories is proportional to I2 t, where ‘I’ is the fault current and ‘t’ its duration. Bonds should be robust enough so that they may withstand, without distress, the highest value of I2 t, expected under fault conditions. For extreme conditions, duplicate bonding is recommended.
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11.4 Installations in Dangerous Atmospheres


11.4.1 Cathodic protection can introduce hazards in areas in which an inflammable mixture of gas, vapour or dust (that is hazardous atmosphere) may be present which could be ignited by an electric arc or spark. In a cathodic protection system, a spark may be caused by one or more of the following reasons:


a) Disconnection of bonds across pipeline joints.


b) Short-circuit of isolating joints, for example, by tools lying across a joint or breakdown due to voltage surges on the pipeline induced by lightning or electrical switching surges.


c) Disconnection or breakage of cable carrying cathodic protection current.


d) Connection or disconnection of instruments employed for measuring and testing of cathodic protection system.


11.4.2 In locations where any of the above hazards may arise, the operating personnel should be given suitable instructions and warning notices should be displayed.


11.4.3 It should be noted that likelihood of sparking is greater with impressed current system than with sacrificial anode system.


11.4.4  Remedies


The following safety measures should be adopted in hazardous areas where applicable:


a) Provide flameproof enclosure of all electrical equipment, namely, transformer / rectifier, resistive bonds, etc, in accordance with relevant standards.


b) Provide continuous bonding cables across any intended break, before it is made, in protected pipelines.


c) Installation of insulating joints, as far as possible, in safe areas.


d) Jump over the insulated flanges with a surge diverter, which gives electrical/ metallic continuity for high voltages but is high enough to prevent cathodic protection currents from passing over.
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12  EXTERNAL CORROSION CONTROL RECORDS


The records are to be maintained to demonstrate the external corrosion control measures in such a manner that they should be clear, concise, workable manner and the data that is pertinent to the design, installation, operation & maintenance and effectiveness. The following records are to be maintained.


a) Corrosion leaks, breaks, and pipe replacements,


b) Pipe and external coating condition observed when exposed,


c) Result of soil resistivity survey,


d) Location of foreign structures,


e) Interference related test data,


f) Installation details of impressed current / galvanic system,


g) Interference mitigation facilities,


h) Reverse current prevention switch details,


j) Record of surveys / inspections and test to be maintained to demonstrate the applicable criteria for interference control and cathodic protection have been satisfied, and


k) Records sufficient to demonstrate the evaluation of the need for and the effectiveness of external corrosion control measures should be maintained as long as the facility involved remain in service. Other related external corrosion control records should be retained for such a period as satisfies individual company needs.
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�Needs discussion



�More aerated parts



�Agreed







�Presently Indian Oil is using cold applied PE tapes and Polyurethane. Hence the two products have been included. Polypropylene has been dropped as it not being used by any owner/client.



�Verify from oil and gas industry. 



�Agreed







�Verify from oil and gas industry 







�Based on different international standards of ADNOC, Aramco,DNV,ISO and different technical papers. Presently Indian Oil is using cold applied PE tapes and Polyurethane. Hence these two products have been included.
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Dear NS. K;VN‘\L,

As you are aware, Ministry of New and Renewable Energy (MNRE) is implementing
the National Green Hydrogen Mission (NGHM). A key objective of the Mission is to establish
a robust ecosystem of Regulations, Codes and Standards (RCS) as an enabler for the Green
Hydrogen ecosystem in India.

2z MNRE has constituted a Working Group with representation from relevant Ministries,
Government agencies, standardization and certification bodies, and industry stakeholders to
recommend a national framework for standards and regulations required to strengthen the

3. The Working Group again undertook a thorough review of the national and
international landscape, performed gap analysis to understand the requirement of

T)\/ﬁ interventions, and accordingly evolved a second set of recommendations regarding certain

Department of Consumer Affairs has a crucial role to play in development of the Green
Hydrogen ecosystem, patticularly for adoption and implementation of regulations and
standards pertaining to various components of the ecosystem, including Hydrogen

) transportation and storage covered by Working Grou P in second set of recommendations.

- L " T request you to have the recommendations examined and initiate the necessary further
)""4 steps for their implementation. The Working Group and the sub-groups will continue to assist

Yours sincerely,
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Secretary,
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* Email Nidhi Khare

DO Letter regarding second set of recommendations on Regulations, Codes and Standards

From : Sujit Pillai <sujit.pillai@gov.in> Wed, Jul 10, 2024 02:07 PM
Subject : DO Letter regarding second set of recommendations on Regulations, Codes £71 attachment

and Standards
To : Nidhi Khare <secy-ca@nic.in>

Cc : Secretary MNRE <secy-mnre@nic.in>, yad ajay <yad.ajay@ias.nic.in>,
Shobhit Srivastava <shobhit.srivastava@nic.in>, Prasad Chaphekar
<prasad.chaphekar@gov.in>, Anubhav Uppal <anubhav.mnre@gov.in>,
PRASHANT DWIVEDI <prashant.mnre@gov.in>>, GREEN HYDROGEN PMU
<pmu-ghZ@gov.in>

To: Mrs. Nidhi Khare
Secretary
Ministry of Consumer Affairs

Respected Madam,

A letter from Secretary MNRE Shri Bhupinder S. Bhalla on the second set of
recommendations on Regulations, Codes and Standards

made by the Working Group on Regulations, Codes and Standards of the National Green
Hydrogen Mission is attached for kind perusal.

Sincerely,

Sujit Pillai

Sujit Pillai

Scientist F

MNRE

Atal Akshay Urja Bhawan
New Delhi 110003
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M I N U T E S



		MEETING INFORMATION

		DATE AND TIME

		DAY

		VENUE



		Inter-Departmental Meeting to discuss Second set of Recommendations from MNRE on Green Hydrogen

		19th July 2024
from 2:00 PM onwards

		Friday

		White Room, Manak Bhawan







Meeting chaired by:



Shri Rajiv Sharma, Scientist G & DDG (Std-I)

Shri Sanjay Pant, Scientist G & DDG (Std-II)



Members Present:



1. Shri Deepak Aggarwal, Sc F & Head (TED)

2. Shri Sanjiv Maini, Sc F & Head (MTD)

3. Shri K V Rao, Sc F & Head (MED)

4. Shri Chinmay Dwivedi, Sc E & Head (PCD)

5. Shri Prasoon Yadav, Sc C, MED

6. Shri Ajay Soni, Sc C, MTD

7. Shri Gaurav Jayaswal, Sc C, TED

8. Shri Rajesh Chowdhari, Sc B, CED

9. Shri Arun Kumar Matcha, Sc B, CHD

Background:

1. A letter was received from the Secretary, MNRE through DoCA, containing a report with the second set of recommendations from MNRE to various Ministries and departments regarding regulations, codes, and standards dated 12/07/2024.

2. The meeting was convened to discuss the draft recommendations received from MNRE.

Proceedings:

1. The meeting began with a brief presentation by TED on the draft recommendations from MNRE dated 12/06/2024 and the decisions made in the subsequent meeting with all relevant departments on 13/06/2024.

2. The subjects were discussed, and the Technical Departments were requested to provide inputs on the proceedings of the inter-departmental meeting held on 13/06/2024.

3. It was also decided to write a letter to MNRE indicating the standards that cannot be directly adopted after receiving inputs from all the departments.

4. Additionally, it was agreed to assign the task of carrying out the comparative analysis of ANSI/CSA CHMC-1: 2014 with IS/ISO 11114-4 to MTD to determine whether a new standard based on the ANSI document is required or if IS/ISO 11114-4 is sufficient.

5. The meeting concluded with a vote of thanks to all participants.
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MINUTES

DATE AND

PM onwards

MEETING INFORMATION TIME DAY VENUE
1 th
Inter-Departmental Meeting to discuss Second 2324june Blue Room,
set of Draft Recommendations from MNRE on Thursday | Manak
from 3:00
Green Hydrogen Bhawan

Members Present:

Smt. Meenal Passi, Head (PCD)
Shri Deepak Aggarwal, Head (TED)
Shri Ajay K Lal, Head (CHD)

Shri Dushyant Kumar, MTD

Shri Prasoon Yadav, MED

Shri Gaurav Jayaswal, TED

ok wnNeE

Background:

MNRE shared the draft report containing the second set of recommendations to Ministries
regarding regulations, codes and standards dt. 11/06/2024.

{Two out of the three subgroups (Subgroups | and Il) working under the purview of MNRE have

submitted detailed recommendations based on the analysis of national and international

frameworks.}

In view of the above, TED, being the co-ordinating department, called the meeting with all
relevant departments to discuss the way forward on these recommendations.

Proceedings:

e |t was noted that the second set of draft recommendations by MNRE involves 79
Documents/ Subjects for formulation of New Standards / Regulations.

e [t was also noted that out of these, 58 Documents were related to DoCA (BIS) and 21
were related to other Ministries/Departments including MoPNG and DPIIT.

e QOut of 58 Documents where DoCA is Indicated as related Ministry, 12 Indian Standards

have already been published by BIS.

e The 46 remaining documents were discussed and following decisions were taken:






VI.

VII.

18 Subjects including Storage and Handling of Hydrogen in Cryo and Gaseous
Forms were given to MED for Review/Examination including 3 1SO, 11 CGA, 1
ASME, 1 ANSI and 2 other subjects where base standards have not been
mentioned.

12 Subjects were related to Countering Hydrogen Embrittlement and Various
Grades of Steels suitable for use with Hydrogen given to MTD for
Review/Examination including 5 1SO, 5 ASTM, 1 DIN and 1 Other subject where
base standard is not mentioned.

3 Subjects (Base Standard not mentioned) related to Efficiency of PEM / Alkaline
Electrolysers and Hydrogen Leak Detection Systems were given to CHD for

Review/Examination.

2 ISO Standards related to use of Hydrogen Blends for Mobility Application were
given to TED for Review/Examination.

1 Subject (Base Standard not mentioned) related to Hydrogen Flame Detection
Systems was given to CED for Review/Examination.

8 Subjects were Identified for Transfer to DPIIT.

2 Subjects were Identified for Transfer to MoPNG.
The Detailed Discussion and Decisions Corresponding to all 79 recommendations
have been mentioned in Annex-1.
It was also noted that No BIS Sectional Committee has liaison with 1ISO/TC 197/SC 1
‘Hydrogen at scale and horizontal energy systems’. The matter was discussed and
TED was requested to discuss the matter in the next meeting of SC TED 26 to

establish the liaison with ISO TC 197 / SC 1.

The meeting Ended with a vote of thanks to all the participants.






Annex -1

Detailed Summary of Discussion on Second set of Draft Recommendations b

Title of Standards

Corresponding IS

Concern
ed
Ministry
as
Indicated
by MNRE

Relevant
SC/
Departm
ent/
Organiza
tion

Remarks /
Discussion /
Decision











Gaseous hydrogen It was noted that the
and hydrogen DPIIT/Do ISO Standard has

blends — Land CA been withdrawn.
vehicle fuel tanks






It was decided to
communicate the
same to MNRE.

Road vehicles —

Compressed
gaseous hydrogen
(CGH2) and
17. | ISO ilggig hydrogen/natural BZ”T/DO TED 26 {L\gifai%zz(.j [ e e
gas blends fuel
systems — Part 1:
Safety
requirements
Road vehicles —
Compressed
gaseous hydrogen
21266- (CGH2) and DPIIT/Do It was agreed to adopt
L8 | 59 2:2018 | hydrogen/natural CA UED 25 the standard.
gas blends fuel
systems — Part 2:
Test methods
MED Informed that
Indigenous Standard
on similar subject is
Cryogenic vessels under Publication.
19. | ISO ZHIIIL — Valves for D me MED 16
2008 : . CA MED was requested to
cryogenic service . .
review whether Indian
Standard covers
requirements of ISO
Standard.
Method of
measurement of
hydrogen
permeation and
17081: determination of DPIIT/Do It was agreed to adopt
20, | =2 2014 hydrogen uptake CA D) 5 the standard.
and transport in
metals by an
electrochemical
technique
Metallic and other
inorganic coatings
— Test for residual
embrittlement in
both metallic-
10587: coated and DPIIT/Do It was agreed to adopt
A | 159 2000 uncoated CA WAL, the standard.
externally-
threaded articles
and rods —
Inclined wedge
method
Gas cylinders — : .
11120: | Refillable DPIIT/Do MIED niferimeel Uit
22. | I1SO MED 16 standard is Under
2015 seamless steel CA

tubes of water

Identical Adoption.






capacity between
150 | and 3000 | —
Design,
construction and
testing

23.

ISO

10587:

2000

Metallic and other
inorganic coatings
— Test for residual
embrittlement in
both metallic-
coated and
uncoated
externally-
threaded articles
and rods —
Inclined wedge
method

DoCA

MTD 24

It was agreed to adopt
the standard.

24.

ISO

2626

DoCA

MTD 24

It was agreed to adopt
the standard.

25.

ISO

17081:

2014

Method of
measurement of
hydrogen
permeation and
determination of
hydrogen uptake
and transport in
metals by an
electrochemical
technique

DoCA

MTD 24

It was agreed to adopt
the standard.

26.

28.

EIGA

15677:

2006

06/19:
2019

Metering of natural
gas - Code of
practice

Edition 3 Pressure
regulating and

exceeding 7 bar
pipeline
installations

SAFETY IN
STORAGE,
HANDLING AND
DISTRIBUTION
OF LIQUID
HYDROGEN

MoPNG

DPIIT/Do
CA

Belongs
to
MoPNG

Belongs
to
(\Y[e]\[€;

Transfer
to DPIIT

Subject Pertains to
MoPNG

Subject Pertains to
MoPNG

It was agreed to write
to MNRE to assign the
subject to DPIIT as the
subject pertains to
regulations domain of
the complete value
chain of Liquid
Hydrogen.






30.

CGA

P-12:
2017

Steels for
gquenching and
tempering — Part

3: Technical
delivery conditions
for alloy steels

Safe Handling Of
Cryogenic Liquids
- Sixth Edition

DPIIT/Do
CA

DPIIT/Do
CA

MED

MTD was requested to
examine the standard
and inform if similar
Indian Standard is
available.

If NO Indian Standard
is available, MTD was
requested to review
the possibility of
adopting the DIN
Standard or
formulating new
standard on the
subject.

MED was requested
to review IF Indian
Standard exists on the
similar subject.

If NO Indian Standard
is available, MED was
requested to review
the possibility of
adopting the CGA
Standard or
formulating new
standard on the
subject.

31.

CGA

P-41:
2018

Locating Bulk
Liquid Storage
Systems In Courts
- Second Edition

DPIIT/Do
CA

MED

MED was requested
to review IF Indian
Standard exists on the
similar subject.

If NO Indian Standard
is available, MED was
requested to review
the possibility of
adopting the CGA
Standard or
formulating new
standard on the
subject.

32.

CGA

PS-17:

2004

CGA Position
Statement On
Underground
Installation Of
Liquid Hydrogen
Storage Tanks

DPIIT/Do
CA

MED

MED was requested
to review IF Indian
Standard exists on the
similar subject.

If NO Indian Standard
is available, MED was
requested to review
the possibility of
adopting the CGA
Standard or






formulating new
standard on the
subject.

MED was requested
to review IF Indian
Standard exists on the
similar subject.

CGA Position
(S)tfait;rgegtrOn — !f NO !ndian Standard
PS-33: DPIIT/Do is available, MED was
33. | CGA Propane Tank As MED X
2008 CA requested to review
Compressed h ibility of
Hydrogen Storage il POSSILIILY O
Buffers adopting the CGA
Standard or
formulating new
standard on the
subject.
MED was requested to
review IF Indian
Standard exists on the
similar subject.
gg feri:gilttlgrrz !f NO !ndian Standard
34 | cGA PS-46: Roofs Over DPIIT/Do MED is available, MED was
2024 CA requested to review
Hydrogen Storage h ibility of
Systems the pQSS| ility o
adopting the CGA
Standard or
formulating new
standard on the
subject.
MED was requested
to review IF Indian
Standard exists on the
similar subject.
Standard For If NO Indian Standard
G-5.5: Hydrogen Vent DPIIT/Do is available, MED was
8 | Gen 2021 Systems - 4th CA =D requested to review
Edition the possibility of
adopting the CGA
Standard or
formulating new
standard on the
subject.
MED was requested
to review IF Indian
Standard exists on the
similar subject.
. Bulk Hydrogen
36. | CGA gogo Supply Systems - EZ”T/DO MED If NO Indian Standard
Third Edition is available, MED was

requested to review
the possibility of
adopting the CGA
Standard or






formulating new
standard on the
subject.

Pressure Relief
Device Standards

MED was requested
to review IF Indian
Standard exists on the
similar subject.

If NO Indian Standard

S-1.1: . DPIIT/Do is available, MED was
37. 1 CCA | 2022 ;:Part &L = CHITer CA KR requested to review
or Compressed -
Gases the p0_55|b|I|ty of
adopting the CGA
Standard or
formulating new
standard on the
subject.
MED was requested
to review IF Indian
Standard exists on the
Pressure Relief similar subject.
DEMIEE SIEIEETTE If NO Indian Standard
. Part 2-Portable . :
38. | CGA S-1.2: Containers For DPIIT/Do MED is available, MED was
2019 CA requested to review
Compressed h ibility of
Gases - Tenth e POSSIbIlity
Edition adopting the CGA
Standard or
formulating new
standard on the
subject.
MED was requested
to review IF Indian
Standard exists on the
Pressure Relief similar subject.
Device Standards-
Part 3-Stationary If NO Indian Standard
S-1.3: Storage DPIIT/Do is available, MED was
< | den 2020 Containers For CA =D requested to review
Compressed the possibility of
Gases - 9th adopting the CGA
Edition Standard or
formulating new
standard on the
subject.
MED was requested
to review IF Indian
Standard For 3%32?;%;@5:5 el e
Compressed Gas '
V-1: Cylinder Valve DPIIT/Do .
40. | CGA 2021 Oﬁtlet And Inlet CA MED If NO Indian Standard

Connections - 15th
Edition

is available, MED was
requested to review
the possibility of
adopting the CGA
Standard or






formulating new
standard on the






SEC VIII
DIV II;
2023
[BPVC.
VIIL2 -
2023]

BPVC Section VIII-
Rules for
Construction of
Pressure Vessels
Division 2-
Alternative Rules

DPIIT/Do
CA

MED was requested to
look into the matter
and review if Indian
Standard exists on the
similar subject.

If NO Indian Standard
is available, MED was
requested to review






the possibility of
adopting the ASME
Standard or
formulating new
standard on the
subject.

It was agreed to write

to MNRE to assign the

subject to MOPNG as
the subject pertains to

B 31.12: | Hydrogen Piping MoPNG/D ITERETEY regulations domain of
47. | ASME 2 to
2023 and Pipelines oCA the complete value
MoPNG AL
chain Piping and
Pipeline Infrastructure
which is dealt by
MoPNG.
. Belongs . .
48. | AsME | B3L:3" | process Piping MOPNG | to SLEE FRrEe
2022 MoPNG
MoPNG
. Gas Transmission Belongs . .
49. | ASME 203;;3' and Distribution MOPNG | to Sé‘gﬁg Pertains to
Piping Systems MoPNG
) - Belongs . .
woPNG |0 | ottieetPerins o
P MoPNG
API 5L Belongs ; :
51. | API Q_NS' SEAMLESS & MOPNG | to Sgg’ﬁg Pertains to
WELDED PIPE MoPNG
Belongs : :
52. | API 570 Piping Inspector MoPNG to '\i’cl)ngNeg FEEliE
MoPNG
. : Belongs : .
53. | API 579 Fitness-for-Service MOPNG o Subject Pertains to
Assessments MoPNG
MoPNG
Manual of
Petroleum
Measurement
MPMS
Standards Chapter Belongs . .
5a. | apl | (Chap- | 5 \ietering Section MOPNG | to S 2oring i
5.1): MoPNG
1-General MoPNG
2005 ; :
Considerations for
Measurement by
Meters
MPMS Manual of Belonas
(Chapte | Petroleum 9 Subject Pertains to
55. | API i MoPNG to
r13): Measurement MOPNG MoPNG
1970 Standards
Test Methods For MED was requested to
Evaluating carry out a
ICSA Material Comparative analysis
_ | Compatibility In of this standard with
gl | A C_HMC Compressed DEEA =D IS/ISO 11114-4 and
1: 2014 ;
Hydrogen come up with
Applications - recommendation on
Metals whether a new






standard based on
ANSI Document is
required or IS/ISO
11114-4 is sufficient.

Report Natural Gas Belongs : .
57. | AGA |No.5: | Energy MOPNG | to Sg‘gﬁg FEIERS @
2009 Measurement MoPNG
Orifice Metering Of
Report Mz .G.as _Part Belongs : .
) 2: Specification Subject Pertains to
BEL | Sle N, & And Installation HEENE to MoPNG
2003 . MoPNG
Requirements
(2000)
Compressibilty
Report Factors of Natural Belongs _ _
59. | AGA No. 8: Gas and Other MoPNG o Subject Pertains to
1992 Related MoPNG MoPNG
Hydrocarbon
Gases
Safety requirement
for hydrogen . Belongs Subject Pertains to
60. - - storage/compres& DPIT to DPIIT DPIT
on/and delivery
system
Safety distances of
compressed and
liquified hydrogen It was noted that the
» Generation Subject Pertains to
*Buffer storage Gas Cylinder Rules
61 i i * Purification DPIIT/Do Transfer | (GCR) and Static and
: » Compression CA to DPIIT Mobile Pressure
* Dispensing Vessel Rules which
Piping and are dealt by PESO. So
Pipelines (incl. it was decided to write
sectionalizing to MNRE to transfer
valving stations) this subject to DPIIT.
It was noted that the
Subject Pertains to
Gas Cylinder Rules
Position (GCR) and Static and
62 i i statements for roof DPIIT/Do Transfer | Mobile Pressure
' over H2 storage CA to DPIT Vessel Rules which
system are dealt by PESO. So
it was decided to write
to MNRE to transfer
this subject to DPIIT.
Belongs
63 i i Fire and explosion MoPNG/D | to
' protection PIT MoPNG/D
PIT -
Risk management
plan for Belongs
64. compressed and DPIIT to DPIIT

liquid hydrogen
standard

Subject Pertains to
DPIIT






Stationary and
transportable
hydrogen storage

It was noted that the
Subject Pertains to
Gas Cylinder Rules
(GCR) and Static and

65 receptacles DPIIT/Do | Transfer Mobile Pressure
' (Pressure Vessel CA to DPIIT Vessel Rules which
for storage and are dealt by PESO. So
transportation (for it was decided to write
liquid Hydrogen)) to MNRE to transfer
this subject to DPIIT.
It was noted that the
Subject Pertains to
Gas Cylinder Rules
(GCR) and Static and
Stationary Mobile Pressure _
compressed Vessel Rules which
hydrogen gas are dealt py PESO. _So
Containers, ' it was decided to write
TP | ep 16 | [ MNEE o e
tanks. 50 bar/150 I '
bar/200 bar/350
bar/500 bar/900 MED was also
bar. fequesteq to share the
list of Indian Standards
available for Storage
and Transportation of
Compressed
Hydrogen.
It was noted that the
Subject Pertains to
Gas Cylinder Rules
(GCR) and Static and
Mobile Pressure
Vessel Rules which
are dealt by PESO. So
Portable liquified it was decided to write
hydrogen DPIIT/Do to MNRE to transfer
s containers and CA LEREL this subject to DPIIT.
tanks
MED was also
requested to share the
list of Indian Standards
available for Storage
and Transportation of
Liquid Hydrogen.
Subject Pertains to
Making a Regulation
for Blending of
o6 _Hydrogen blending MoPNG/D Transfer Hydrogen.in Natu_ral
. in natural gas oCA to Gas Pipelines which
pipelines MoPNG are dealt by MoPNG.

Hence it was decided
to write to MNRE to






transfer the subject to
MoPNG.

Stationary
compressed
hydrogen gas.
Containers, . .
69. cylinders and DPIIT Ejeg)gﬁ.f_ sgﬁ#ea AL
tanks. 50 bar/150
bar/200 bar/350
bar/500 bar/900
bar.
Measurement of Belongs . .
70. Gas Flow by MoPNG to I\iglgjl\?g Pertains to
Turbine Meters MoPNG
It was noted that
Standard for Efficiency
Electrolyser :
e of Electrolysers is
Efficiency
1 under development at
Celeulkien & Chemicals Department
71. Performance Test DoCA CHD 06 P
. (CHD).
Requirements
[PIES CHD was requested to
Electrolysers) ;
Make sure it covers
PEM Electrolysers.
It was noted that
Standard for Efficiency
Electrolyser i
e of Electrolysers is
Efficiency
; under development at
Calculation & Chemicals Department
72. Performance Test DoCA CHD 06 (CHD) P
Requirements ‘
. CHD was requested to
(Alkaline Water K ;
Electrolysers) Ma e sure it covers
Alkaline Water
Electrolysers.
It was discussed and
Hydrogen Flame decided to Transfer
: DPIIT/Do this subject internally
73. Detectllon System CA CED 22 to CED 22 after receipt
& Devices X
of final
recommendations.
CHD was requested
to examine IS 16253 :
2016 (ISO 26142 :
2010) { Hydrogen
Detection Apparatus -
Hydrogen Leakage Stationary
74. Detection & gi”T/DO CHD 06 Applications} and
Prevention System suggest if this standard
meets the
requirements for
Hydrogen Leak
Detection and
Prevention Systems.
75 Embrittlement DOCA MTD MTD was requested to

Testing for

examine whether






Hydrogen Piping
and Storage
Bullets

already existing
standards cover the
subject of
“Embrittlement Testing
for Hydrogen Piping
and Storage Bullets”.

Bulk Hydrogen
Stationary Storage
Requirements in

Transfer

It was noted that the
Subject Pertains to
Gas Cylinder Rules
(GCR) and Static and
Mobile Pressure

76. excess O.f 100 Kg. DoCA to DPIT Vessel Rules which
Safety Distances & are dealt by PESO. So
Elerfqli?efreg)ént it was decided to write
to MNRE to transfer
this subject to DPIIT.
It was noted that the
Subject Pertains to
Gas Cylinder Rules
. (GCR) and Static and
77 E;g(r(\)/geenr:”(]t%gugh DoCA Transfer Mobile Pressure _

' Cold Stacks) to DPIIT Vessel Rules which
are dealt by PESO. So
it was decided to write
to MNRE to transfer
this subject to DPIIT.
It was noted that the
Subject Pertains to

Hydrogen Gas Cylinder RL_JIes
Evacuation (GCR) and Static and
78, Purging & ’ MoPNG/D | Transfer Mobile Pressure _
Dispersion oCA to DPIT Vessel Rules which
Requirements are dealt by PESO. So
it was decided to write
to MNRE to transfer
this subject to DPIIT.
It was noted that the
Subject Pertains to
Gas Cylinder Rules
(GCR) and Static and
79 Hydrogen Flaring DOCA Transfer Mobile Pressure
' Requirements to DPIIT Vessel Rules which

are dealt by PESO. So
it was decided to write
to MNRE to transfer
this subject to DPIIT.
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itz Rig weel. mma. 7/~ WRE WWHR
wifea 7!9-,,.-" T iR Fdeeoit wel wETe
Bhupinder S. Bhalla, 1as &WW i GOVERNMENT OF INDIA

Secretary

D.O. No. 353/28/2023-NT
Dated: 8" May, 2023

As you are aware, the National Green Hydrogen Mission has been launched by the
Government of India with an outlay of Rs. 19,744 crore with a vision of making India a global
hub of green hydrogen production, utilization and export. Green Hydrogen has emerged as a
promising alternative to decarbonize India’s economy. [t is a versatile green energy carrier that
can replace fossil fuels and fossil-based feedstocks in several hard-to-abate sectors.

> A key obhiective of the Mission is to establish a robust ecosystem of Regulations, Codes
and Standards (RCS) as an enabler for the Green Hydrogen ecosystem in India. The Department
of Consumer Affairs and the Bureau of Indian Standards (BIS) have a crucial role to play in this
respect, particularly for adoption and implementation of codes and standards pertaining to
emerging technologies and processes.

‘3. Last year, the Ministry of New and Renewable Energy (MNRE) had constituted a

Working Group (WG) with representation from relevant Ministries, government agencies,
standardization and certification bodies, and industry stakeholders to recommend a national
fra ork for standards and regulations required to enable the Green Hydrogen ecosystem.
ree industry-led sub-groups were constituted under the WG to focus on specific technology
areas. BIS actively participated in the working groups activities.

: Over the past year, the WG has met six times to discuss the critical challenges, and
requirements for standards and regulations needed to rapidly scale up Green Hydrogen in a safe
and reliable manner. The WG undertook a thorough review of the national and international
landscape, performed gap analysis to understand the requirement of interventions, and
accordingly evolved a set of first-phase of recommendations regarding certain standards and
regulations that need to be adopted, adapted, or formulated by relevant bodies. The first report
of the WG outlining the recommendations is enclosed at Annex-I for kind reference.

5. Specifically, various international standards and codes related to equipment and
processes to be deployed across the hydrogen value chain, have been recommended for adoption
by the Working Group and are listed down at Annex-Il. The list is organised according to the
order of priority, as determined by the WG members based on the criticality of the
component/technology for upcoming projects.

Office of Secretary (CA)

b. Specific recommendations in respect of Bureau of Indian Standards are as follows:-

i. Various international standards and codes related to safe storage and handling of
hydrogen and its derivatives recommended for adoption by the WG are listed down at
Annex-1l. Bureau of Indian Standards should initiate the process of adoption of the
international codes and standards as recommended by the sub=groups in their reports, The

A codes and standards may be prioritised in the order of listing by various sub-groups.
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ii. BIS should also initiate the process for drafting new standards and undertaking
amendments to existing IS standards in accordance with the sub-groups’
recommendations.

iit. BIS should consider creating dedicated divisions and committees which can look after
various aspects of the hydrogen related standardization in a comprehensive manner.

iv. BIS should initiate the process of capacity building and knowledge enhancements of the
regulatory institutions and their personnel with regard to technology developments, best
practices, permitting procedures, and the evolution of RCS around hydrogen.

7 [ request you to have the above recommendations examined and expeditiously initiate
the necessary further steps to have them implemented.

8. Further, with the recent global developments, considerable international dialogue and
cooperation efforts are ongoing in the area of standards and regulations related to Green
Hydrogen. For instance, recently, a Sectional Committee has been constituted for hydrogen
certification under the TC-197 of iSO. Several other such efforts are listed in report (Annex-I).
[tis imperative that India should be suitably represented at such forums to drive the international
consensus process and present the views as per our national circumstances. | urge you to consider
reviewing this in consultation with DG, BIS and ensure active participation by India’s technical
experts at all relevant forums. To facilitate the process, the Working Group will share updates
and information in this regard with BIS from time to time.

9. I may point out that these are only the initial set of recommendations and the Working
Group will keep deliberating on issues and updating the suggestions. The Working Group and
the sub-groups will also continue to assist BIS and other concemed agencies for implementation
of the recommendations.

10.  Ilook forward to your active and sustained support in this matter to enable a facilitative
policy and regulatory ecosystem for Green Hydrogen in India, a key element of success of the

Mission.
W'L\ AN "“B’ML ’

Yours sincerely,

(Bhupinder S. Bhalla)
Enclosed: as above

Shri Rohit Kumar Singh,
Secretary,

Ministry of Consumer Affairs
Krishi Bhawan, New Delhi-110001.
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Annex -[]

adopted as it is

iii.

iv.

vi.
vii.
viii.
ix.

xi.

xii.

xiii.

xiv.

XV.
XVi.
xvii.
wviii,

Xix.

S. Category Details of Recommendations
No.
1. | Standards that Product Standards
can be

ISO 19880 Part 1: Gaseous hydrogen — Fuelling stations, general
requirements.

ISO 19880 Part 3: Gaseous hydrogen — Fuelling stations, valve

ISO 19880 Part 5: Gaseous hydrogen — Fuelling stations, dispenser hoses,
and hose assemblies.

ISO 19880 Part 8: Gaseous hydrogen — Fuelling stations, Fuel quality
control, - -

ISO 9387: Metallic and other inorganic coatings — Pretreatment of iron or
steel to reduce the risk of hydrogen embrittlement.

ISO 9588: Metallic and other inorganic coatings postcoating treatments of
iron or steel to reduce the risk of hydrogen em15916brittlement.

ISO 14687: Hydrogen fuel quality-Product specification

IEC 63341 -1: Fuel cell systems for loco propulsion

ISO-1:2018: Transportable vacuum insulated vessels of not more than 1000
liters volume-part 1. Design, fabrication, inspection and tests.

1SO 21029-2:2015: Cryogenic vessels — Transportable vacuum insulated
vessels of not more than 1 000 litres volume — Part 2: Operational
requirements

ISO 20421-1:2019: Cryogenic vessels — Large transportable vacuum-
insulated vessels — Part 1: Design, fabrication, inspection and testing.

ISO 11119-1, 2, 3:2020: Gas cylinders — Design, construction and testing
of refillable composite gas cylinders and tubes — Part 1: Hoop wrapped
fibre reinforced composite gas cylinders and tubes up to 450 1.

ISO 11515: Gas cylinders-Refillable composite reinforced tubes of water
capacity between 450 1 and 3000 1-Design, construction and testing.

ISO 12619: Road vehicles — Compressed gaseous hydrogen (CGH2) and
hydrogen/natural gas blends fuel system components — Part 1: General
requirements and definitions.

ISO 7866: Gas cylinders — Refillable seamless aluminium alloy gas
cylinders — Design, construction and testing.

ISO 9809-1,2,3: Gas cylinders — Design, construction and testing of
refillable seamless steel gas cylinders and tubes

API RP 1114: Recommended Practice for the Design of Solution-Mined
Underground Storage Facilities

API RP 1115: Design and Operation of Solution-mined Salt Caverns Used
for Liquid Hydrocarbon Storage.

JIS H 7201: Method for measurement of pressure composition-temperature
(PCT) relations of hydrogen-absorbing alloys

ASME BPV Section VIII Division 3 Part KD-10.






Code of Practice

i.  ISO/TR 15916: Basic considerations for the safety of hydrogen systems.

. IS0 23273:2013: Fuelcell road vehicles- safety specifications. Protection

against hydrogen hazards for vehicles fuelled with compressed hydrogen.

iii. IEC 62282-3-100:2019: Fuel cell technologies - Part 3-100, Stationary
fuel cell power systems — Safety

Test Methods

i.  ISO 16964: Gas cylinders — Flexible hoses assemblies — Specification
and testing.

il.  ISO 7539 Part 11: Corrosion of metals and alloys — Stress corrosion
testing: Guidelines for testing the resistance of metals and alloys to
hydrogen embrittlement and hydrogen-assisted cracking

iti.  ISO 16111: Transportable gas storage devices

iv.  ANSI/CSA CHMC 1: Test methods for evaluating material compatibility
In compressed hydrogen applications — metals.

v.  GB/T-34542.3: Storage and Transportation systems for gaseous hydrogen
- Part 3. Test method for determination of the susceptibility of metailic
materials to hydrogen.

vi.  1SO 11114-4: transportable gas cylinders —

Compatibility of cylinder and valve materials with gas contents — Part 4:
Test methods for selecting steels resistant to hydrogen embrittlement.

Standards with

Product Standards

Amendments
i. IS0 22734:2019; IS 16509:2020: Hydrogen generators using water
electrolysis — Industrial, commercial, and residential applications
ii. IS 16253 2016; 1SO 26142: 2010: Hydrogen detection apparatus-
stationary applications.
New Standard | Product Standard

i.  New Standard for Alkaline and PEM water electrolysis system
efficiency







