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MINUTES OF MEETING
	BUREAU OF INDIAN STANDARDS 
(METALLURGICAL ENGINEERING DEPARTMENT)

	Powder Metallurgical Materials and Products Sectional Committee, MTD 25

	Meeting Date 
& Time
	21 Nov 2023, (Monday)
10:30 AM

	No. of Meeting
	19th Meeting

	Venue
	Hybrid Meeting (New Delhi)


Chairman: Dr Anish Upadhyaya				Member Secretary: Shri G. Ram Sai Kumar   
Members Present:
	Sl. No.
	Organization Name
	Member Name
	Email ID

	1. 
	Indian Institute of Technology, Kanpur
	Dr. Anish Upadhyaya
(Chairman)
	anishu@iitk.ac.in

	2. 
	Bhabha Atomic Research Centre, Mumbai
	Dr. Amit Sinha
	asinha@barc.gov.in

	3. 
	Bharat Heavy Electricals Ltd (Hyderabad, Telangana)
	Dr. Vivek Arya
	vivek.arya@bhel.in

	4. 
	CSIR-Central Electrochemical Research Institute, Karaikudi
	Dr. Deepak Kumar Pattanayak
	deepak@cecri.res.in

	5. 
	CSIR-Institute of Minerals & Materials 
Technology, Bhubaneswar
	Dr. Pradyut Sengupta

	pradyut@immt.res.in


	6. 
	CSIR-Institute of Minerals & Materials 
Technology, Bhubaneswar
	Dr. Mayadhar Debata
	mdebata@immt.res.in

	7. 
	CQA (Met) Ministry of Defence (DGQA) (Ichapur, WB-743144)
	Shri A Mitra

	cqametichapur-dgqa@nic.in

	8. 
	Defence Metallurgical Research
Laboratory (DMRL) (Kanchanbag, Hyderabad)
	Dr. Mithun Palit		
	mithun.dmrl@gov.in

	9. 
	Defence Metallurgical Research
Laboratory (DMRL) (Kanchanbag, Hyderabad)
	Dr. G Prabhu
	gprabhu.dmrl@gov.in

	10. 
	DIQA Ministry of Defence (DGQA) (Bangalore -560046)
	Dr. N. Krishna Murthy
	diqa-dgqa@nic.in

	11. 
	Electronica Tungsten Limited (Nasik, MS)
	Shri BhalChandra V Pathak
	bpathak@toughcarb.com

	12. 
	Innomet Advanced Materials Pvt Ltd, Hyderabad
	Shri Uday Bendre
	uday@innomet.net

	13. 
	International Advanced Research Centre for Powder Metallurgy & New Materials (ARCI), Hyderabad
	Dr. Gururaj Telasang
	gururajst@arci.res.in

	14. 
	Kennametal India Ltd (Bangalore, Karnataka)
	Shri K. Chandrashekar Shenoy 
	chandrashekar.shenoy@kennametal.com

	15. 
	National Metallurgical Lab (Jamshedpur)
	Dr. V C Srivastava
	vcsrivas@nmlindia.org

	16. 
	Society of Indian Automobile
Manufacturers (SIAM)
	Shri Prashant K Bnaerjee
	anushka@siam.in

	17. 
	Society of Indian Automobile
Manufacturers (SIAM)
	Shri Lokesh Mittal
	lokeshmittal@siam.in

	18. 
	The Metal Powder Company Limited, Madhurai
	Shri P. Sundarapandian
	sundar@mepco.co.in

	19. 
	The Metal Powder Company Limited, Madhurai
	Shri R. Krishna Moorthy
	mepcoqa@mepco.co.in

	20. 
	The Metal Powder Company Limited, Madhurai
	Shri N. Chandrasekaran
	mepcoqa@mepco.co.in


Item 0 GENERAL
1.1 Welcome remarks by Member Secretary of MTD 25
Shri G Ram Sai Kumar (member secretary) welcomed Chairman Dr. Anish Upadhyaya and all the members to the 19th meeting of Powder Metallurgical and material Sectional Committee MTD 25 and appraised the committee about the latest process reforms of the Bureau such as holding quarterly meetings of the committee, addressing sustainability in the standards, review of pre 2000 standards etc. conducting seminars/webinars, visiting manufacturing/labs during the review of Indian Standards. He also mentioned that we should have to participate actively in committee/panel meeting as well as participating actively in ISO committees and give comments on the ISO standards received for India’s view point. He also informed members about the need for review of Pre 2000 published Indian standards and requested the committee members to volunteer for review of these standards. He also informed members that, BIS is given awards to TC members based on their contribution. Lastly, he requested members to identify new areas of standard formulation.
0.2 Opening Remarks by the Chairman
Prof. Anish Upadhyaya, the Chairman of the Committee, MTD-25 had welcomed the members of the Committee to the 19th meeting of Powder Metallurgical Materials and Products Sectional Committee, MTD 25. He thanked all the members for taking time out of their busy schedule and attending the meeting. During his address he requested all the members of the Committee to take active participation in the activities of the Committee to ensure that the Indian Standards as well as International Standards.	
Item 1. CONFIRMATION OF MINUTES OF LAST MEETING
Since, there were no comments on the minutes of 19th meeting of Powder Metallurgical Materials and Products Sectional Committee, MTD 25 held on 11 November 2023 via Virtual Platform (Webex), the Committee confirmed the minutes as circulated vide BIS letter No. MTD-25/A-2.18 dated 27.07.2023.
Item 2. ACTION TAKEN REPORT

The Committee considered the summary of Actions taken as given in Annexure-I of the agenda of the Meeting and decided as follows:
	Sl. No.
	Subject
	Decision of the committee in the Previous Meetings
	Action taken on the decision of the Committee
	Decision Taken

	1. 
	Review of IS 5461: 1984 in line with ISO 4497: 2020 Method for sieve analysis of metal powders
	committee requested Dr. Mayadhar Debata and Dr. Pradyut Sengupta from M/s CSIR-IMMT to review IS 5461: 1984 in line with ISO 4497: 2020 and to give their recommendations to the committee within 3 months. 

[bookmark: App2]Recommendations were received from Dr. Mayadhar Debata of M/s CSIR-IMMT vide email and the recommendations were given in APPENDIX 2.
In 17th Meeting, the committee after deliberation decided to adopt ISO 4497: 2020 and to send the document for Wide circulation for one month. The committee further decided, if no comments were received, it can be sent for printing.

In 18th TC meeting, The committee after deliberation decided to send the document for printing.
	The document is sent to publication department for printing on 20/09/2023.





	The committee noted the information.

	2. 
	New Indian standard on Tungsten based heavy alloys used in Defence sector.
	The committee after deliberation decided to formulate standards on heavy alloys and constituted the following panel 4 for the same:
1. Dr Anish Upadhyaya – IIT – Convener
2. M/s Kenna metals
3. M/s Midhani
4. M/s Innomet Powders
5. M/s DMRL
6. M/s  CQA Metals 
7. M/s NML 
8. M/s CSIR-IMMT
In the 16th meeting, M/s CSIR-IMMT to be included into the Panel-4 prepared in the previous meeting and will propose a new draft standard on Tungsten heavy alloys powders before the next committee meeting.
In the 17th Meeting, the committee after detailed deliberation proposed to co-opt following members into Panel-4 and requested member secretary to seek their interest:
i) Dr Mayadhar Debata of CSIR-IMMT
[bookmark: _GoBack]Committee requested the panel to submit their recommendations in next three months Also, as Dr Lokesh Pathak of M/s NML is superannuated, Dr V C Srivastava will replace him.
In 18th TC Meeting, The committee after detailed deliberation requested panel-4 to conduct a panel meeting within one month and requested M/s CSIR-IMMT to provide a working draft before the next meeting/ within three month whichever is earlier.

Further, Dr Anish Upadhyaya – IITK and M/s CSIR-IMMT had requested for funding to conduct the R&D work. 
	A special meeting is planned 10-11-2023. A TOR is prepared based on which a project has to be completed and final draft shall be submitted.



	The committee wants to include strain rate in deliverables and finalized the TOR. 

Committee after detailed deliberation requested Panel 4   to prepare the basic Draft Document before the end of current financial year 2023 and circulate to committee members for their comments and modify based on the comments during the panel meeting.



	3. 
	New Indian Standard on Powder additive manufacturing (3D Printing)
	Powder additives the committee after deliberation constituted the following panel 5 to decide on the topic on which the standards need to be formulated on additives. Further the ISO standard on additive manufacturing like ISO 52907, ISO 52904 also needs to be studied by the panel and recommendation may be provided for adoption. The panel was also requested to give their recommendation whether India needs to apply for P or O membership in ISO committee ISO /TC 261 Additive manufacturing.
1. Shri Badri Vishal Pandey – Convenor.
2. Dr. Gururaj (ARCI), Hyderabad
3. Represtative from GE additive, Bangalore
4. Shri Vinay Chilakapati - Innomet Powders
An Indian standard on Powder additive manufacturing (3D Printing) can be prepared. Committee requested the Panel prepared in the previous meeting and proposed to take assistance from M/s Wipro, M/s CSIR-CECRI and M/s NML during formulation of this standard.
In 17th Meeting, the committee after detailed deliberation proposed to co-opt following members into Panel-5 and requested member secretary to seek their interest:
1. Shri T Sasi kumar of Indo MIM 
2. T Shiv Shankar of Indo MIM 
Committee requested the panel-5 to submit the Working Draft before the next committee meeting.
In 18th TC Meeting, The committee after detailed deliberation requested panel-5 to conduct a panel meeting after receiving the Working draft and Pre-standardization documents from the BIS-Intern who is sent to M/s CMTI and other allied organizations.
	Email was sent to panel members and requesting them for a working draft vide email dated 05-10-2023. However, the still wait for reply.
On discussion with Dr. Deepak Kumar Pattanayak of CSIR-CECRI is interested in joining the panel.
Please find the report submitted by BIS-Intern:


[bookmark: _MON_1761567177]

	Committee after detailed deliberation and decided to conduct the panel meeting within one month. 

The committee wants to prepare a series of standards under 2 categories:
1) Ferrous Powders (super alloys, steels & etc.)
2) Non-Ferrous Powders (Aluminium, titanium, etc.)

Also, Committee proposed to formulate the new Indian Standard based on Copper beryllium alloy powder which is used nuclear applications.

	4. 
	IS 11959 : 1987 Method for metallographic determination of microstructure in hardmetals.
	As a part of Action Research Project, BIS officer Shri Ram Sai kumar has reviewed and Prepared a Draft as given below: 
In 17th Meeting, the committee after deliberation decided to send the document for Wide circulation for one month. The committee further decided, if no comments were received, it can be sent for printing.
In 18th TC Meeting, The committee after deliberation decided to send the document for printing.
	The document is sent to publication department for printing on 25/08/2023.

   

	The committee noted the information.

	5. 
	IS 11520 : 1985 Method for metallographic sample preparation of hardmetals.
	As a part of Action Research Project, BIS officer Shri Ram Sai kumar has reviewed and Prepared a Draft as given below:
In 18th TC Meeting, The committee after deliberation decided to send the document for printing.
	The document is sent to publication department for printing on 25/08/2023.



	The committee noted the information.

	6. 
	IS 11960 : 1987 Method for metallographic determination of apparent porosity and uncombined carbon in hard metals
	As a part of Action Research Project, BIS officer Shri Ram Sai kumar has reviewed and Prepared a Draft as given below:


In 18th TC Meeting, The committee after deliberation decided to send the document for printing.
	The document is sent to publication department for printing on 25/08/2023.



	The committee noted the information.

	7. 
	IS 8367 : 1993 Tin powder - Specification (First Revision)
	As a part of Action Research Project, BIS officer Shri Ram Sai kumar has reviewed and Prepared a Draft as given below:


In 18th TC Meeting, The committee after deliberation decided to send the document for printing.
	The document is sent to publication department for printing on 25/08/2023.



	The committee noted the information.

	8. 
	IS 8392 : 1985 Specification for tungsten powder for hardmetals (First Revision)
	As a part of Action Research Project, BIS officer Shri Ram Sai kumar has reviewed and Prepared a Draft as given below:


In 18th TC Meeting, The committee after deliberation decided to send the document for printing.
	The document is sent to publication department for printing on 25/08/2023.



	The committee noted the information.

	9. 
	IS 11627 : 1986 Method for determination of apparent density of metallic powders by scott volumeter
	As a part of Action Research Project, BIS officer Shri Ram Sai kumar has reviewed and Prepared a Draft as given below:


In 18th TC Meeting, The committee after deliberation decided to send the document for printing.
	The document is sent to publication department for printing on 25/08/2023.



	The committee noted the information.

	10. 
	IS 7506 : 1987 Specification for nickel powder (First Revision)
	As a part of Action Research Project, BIS officer Shri Ram Sai kumar has reviewed and Prepared a Draft as given below:


The committee after deliberation decided to formulate a panel-6 to review/recommendation.  List of the panel members are given below:
a) Dr. Anish upaydyaye of M/s IIT Kanpur
b) Shri Vinay Chilakapati of M/s Innomet Hyderabad
c) Shri Alok Bhaskar of M/s Kennametal Bangalore, 
d) Shri A.N.Chaskar of M/s Electronica Tungsten
e) Dr. Mayadhar Debata of M/s CSIR – IMMT

	Email was sent to panel members and requesting them for a working draft vide email dated 04-10-2023. However, the replies are still awaited.

	The Committee after detailed deliberation and decided to Conduct a panel meeting within two month. Also requested member secretary to visit M/s Innomet Hyderabad during review of Indian standard. 
 

	11. 
	IS 7505 : 1985 Specification for cobalt powder for hardmetals (First Revision)
	As a part of Action Research Project, BIS officer Shri Ram Sai kumar has reviewed and Prepared a Draft as given below:


In 18th TC Meting, The committee after deliberation decided to send the document for Wide circulation for one month. The committee further decided, if no comments were received, it can be sent for printing.
	Draft is under Wide circulation stage. Members are kindly requested to provide their views on the same.



	The Committee after detailed deliberation and decided to send the Draft Document for printing.

	12. 
	IS 12286 : 1988 Method for determination of abrasive wear resistance of hardmetals
	As a part of Action Research Project, BIS officer Shri Ram Sai kumar has reviewed and Prepared a Draft as given below:


In 18th TC Meting, The committee after deliberation requested M/s Kenna metals to review the standard and give their recommendation on adoption of ISO 28080 : 2021 Hardmetals — Abrasion tests for hardmetals. The committee decided to recirculate among members.
	Email was sent to committee members requesting for views on the standard whether it should be adopted or not, dated 04-10-2023. However, the replies are still awaited.


	The Committee after detailed deliberation and decided to adoption of ISO 28080: 2021 and circulate the standard as WC. If no comments were received within one month/30 days during WC, it can be send for printing.


	13. 
	IS 7970 : 1987 Specification for tantalum powder for capacitors (First Revision)
	As a part of Action Research Project, Member secretary has reviewed and Prepared a Draft as given below:


The committee after deliberation decided to send the document for Wide circulation for one month. The committee further decided, if no comments were received, it can be sent for printing.
	Draft is under Wide circulation stage. Members are kindly requested to provide their views on the same.


	The Committee after detailed deliberation and decided to circulate the draft document as WC to LITD and ETD for their views. If No comments were received then the document can be send to printing.

	14. 
	New standard on Spark plasma sintering. 

	During the special meeting held on 10 Nov 2023, Dr. Gururaj Telasang of ARCI had suggested to formulate a new standard.
	Dr. Gururaj Telasang is requested to inform the importance to formulate an Indian standard. Basic information on the Code of practice standard is not provided.
	The Committee after detailed deliberation and decided to drop document from formulation as Indian Standard till the committee finds an expert.

	15. 
	A new Indian Standard based on Copper beryllium alloy powder which is used nuclear applications.
	NA
	NA
	The Committee during the 19th TC meeting decided to formulate a new Indian Standard on Copper beryllium alloy powder and TOR has to be prepared and circulated via BIS website.
The product is informed by Dr Amit Sinha of M/s BARC.



Item 3 PROCESS REFORMS (A)
3.1 The committee had noted the information as given in item 3.1 of the agenda of the meeting.
3.2 The committee had noted the information as given in item 3.2.1 to item 3.2.3 of the agenda of the meeting.
3.3 Annual Calendar of Technical Committee meetings
3.3.1 The committee proposed to plan TC meetings at different venues, which will help in having exposure visit to manufacturing units and labs in that region. 
3.3.2 The committee decided to hold the next 2 TC meetings of MTD 25 as Physical/Hybrid/Virtual meetings are given below: 
	Sl No.
	Meetings planned for FY 2023-24
	Date & Time
	Venue

	1. 
	First Meeting
	16 June 2023, 11:00 AM
	BIS HQ (Manak Bhavan), New Delhi

	2. 
	Second Meeting
	21 Nov 2023
	BIS HQ, New Delhi(Hybride)

	3. 
	Third Meeting
	3rd week of Jan, 2024
	M/s CSIR IMMT, Bhusneswar

	4. 
	Fourth Meeting (if possible )
	13th March, 2024
	Mumbai, if required


Item 4 SCOPE AND COMPOSITION OF SECTIONAL COMMITTEE, MTD 25
4.1 The committee had noted the information given in Items 4.1 to 4.3 of the Agenda of the meeting.
4.4 Attendance of members in the committee:
4.4.1 The committee had noted the information given in Items 4.4.1 and 4.4.2 of the Agenda of the meeting and after detailed deliberation decided to withdraw following members from the Committee:
	Sl No.
	Name of the organization
	Reason

	1. 
	Hoganas India Ltd, Ahmednagar
	Neither attending nor nominating a new active member to the committee.

	2. 
	Nuclear Fuel Complex, Hyderabad
	Neither attending nor nominating a new active member to the committee.


4.5 The committee had noted the information given in Items 4.5 and after deliberation proposed to co-opt following members into committee and requested member secretary to seek their interest: 
	Sl No.
	Name of the organization

	1. 
	M/s INDO-MIM, bengaluru

	2. 
	M/s High Energy Projectile Factory (HEPF), Tirchy

	3. 
	M/s Centre For Materials For Electronics Technology (C-MET), Hyderabad

	4. 
	M/s Saveer Matrix Nano Private Limited, Greater Noida.


4.6 The Committee noted the list of Organisations which are Co-opted in the previous Committee meetings:
	Sl No.
	Name of the organization

	1. 
	M/s Speciality Sintered Products Pvt. Ltd., Pune

	2. 
	M/s Intech Additive Solutions Private Limited, Banglore

	3. 
	M/s IIT BHU

	4. 
	M/s CMTI


The committee had noted the information given in Items 4.6 and 4.7, after deliberation requested member secretary to seek their interest once again in participating in the TC Meeting of MTD25.
Item 5 LIST OF INDIAN STANDARDS
5.1 The committee had noted the information as given in item 5.1 of the agenda of the meeting.
Item 6 COMMENTS ON PRINTED STANDARDS
6.1 The Committee had noted the information given in item 6.1 of the agenda of the meeting and after deliberation requested M/s Innomet Metal to provide justification for the inclusion of grades into the standard.  
Item 7 REVIEW OF INDIAN STANDARDS
7.1 The Committee had noted the information as given in item 7.1 and 7.2 of the agenda of the meeting. 
7.3 The Committee had noted the information as given in item 7.3 and 7.3.1 of the agenda of the meeting.
7.3.2 The Committee had noted the information as given in item 7.2.3 and after deliberation decided as follows:
	Sl. No.
	Indian Standard
	ARP report
	Action Taken
	Decision taken 

	1. 
	IS 12483 : 1988 Determination of titanium in hardmetals by spectrophotometric method
	As a part of Action Research Project, Committee member Shri Bhal Chandra V Pathak had reviewed and given his recommendations. A panel meeting held on 26/10/2023. Accordingly, a Draft Document is finalized and placed below:


	Panel after deliberate, decided to Revise the Standard with editorial changes and latest style and format.
In additional some modification has been made :
In clause 7.3.1, Heat to approximately 800 °C is replaced By Heat to approximately 80 °C.
	Committee after detail deliberation and decided to send the draft document for Wide Circulation. If no comments were received within 1 month/ 30 days the document can be send for printing.

	2. 
	IS 12513 : 1988 Determination of cobalt in hardmetals by potentiometric method
	As a part of Action Research Project, Committee member Shri BhalChandra V Pathak had reviewed and given his recommendations. A panel meeting held on 26/10/2023. Accordingly, a Draft Document is finalized and placed below:


	Panel after deliberate, decided to Revise the Standard with editorial changes and latest style and format.


	Committee after detail deliberation and decided to send the draft document for Wide Circulation. If no comments were received within 1 month/ 30 days the document can be send for printing.

	3. 
	IS 12571 : 1988 Method for determination of green strength by transverse rupture of rectangular compacts of metallic powder
	As a part of Action Research Project, Committee members, Dr Mayadhar Debata & Dr Pradyut Sengupta from M/s CSIR-IMMT had reviewed and given their recommendations.  A panel meeting held on 19/10/2023. Accordingly, a Draft Document is finalized and placed below:

  
	Panel after deliberate, decided to adopt ISO 3995 : 2023.

	Committee after detail deliberation and decided to adopt ISO 3995: 2023 and send the document for Wide Circulation. If no comments were received within 1 month/ 30 days the document can be send for printing.


	4. 
	IS 12783 : 1989 Hardmetals - Vickers hardness test
	As a part of Action Research Project, Committee members, Dr Mayadhar Debata & Dr Pradyut Sengupta from M/s CSIR-IMMT had reviewed and given their recommendations. A panel meeting held on 19/10/2023. Accordingly, a Draft Document is yet to be finalized and placed below:

  

	Panel after deliberate and decided to Revise the Indian Standard IS 12783. 
Following are Changes proposed or need justification by the panel;
1. Refence clause has to be added;
2. In Clause 5.3, indentation diagonals deviation 3 % will give better result. 
3. In Clause 6.6, the following mounting materials may be used, example : Bakelite, epoxy resin, thermosetting resin has to be added;
4.  In Clause 8, Maximum deviation from the mean has to be limited to a particular value, where we can reject the test or can inform the sample is defective.
	Committee after detailed deliberation and decided to send the draft document for Wide Circulation. If no comments were received within 1 month/ 30 days the document can be send for printing.


	5. 
	IS 12473 (Part 1) : 1988 Chemical analysis of hard metals by flame atomic absorption spectrometry: Part 1 general requirements
	As a part of Action Research Project, Committee Chairman of MTD 25, Anish Upadhyaya from M/s IIT Kanpur has reviewed and also prepared a Draft Document Placed below:


	Draft is prepared by member secretary and circulated among committee members for their views along with agenda of this meeting.

	Committee after detailed deliberation and decided to send the draft document for P – Circulation. If no comments were received within 21 days the document can be send for Wide Circulation.


	6. 
	IS 12473 (Part 2) : 1988  Chemical Analysis of Hard metals by Flame Atomic Absorption Spectrometry - Part 2 : Determination of Calcium, Potassium, Magnesium and Sodium in Contents from 0
	As a part of Action Research Project, Committee Chairman of MTD 25, Anish Upadhyaya from M/s IIT Kanpur has reviewed and also prepared a Draft Document Placed below:


	Draft is prepared by member secretary and circulated among committee members for their views along with agenda of this meeting.
	Committee after detailed deliberation and decided to send the draft document for P – Circulation. If no comments were received within 21 days the document can be send for Wide Circulation.


	7. 
	IS 12473 (Part 3) : 1988 Chemical analysis of hardmetals by flame atomic absorption spectrometry: Part 3 determination of cobalt, iron, manganese and nickel in contents from 0.01 to 0.5 percent (M/m)
	As a part of Action Research Project, Committee Chairman of MTD 25, Anish Upadhyaya from M/s IIT Kanpur has reviewed and also prepared a Draft Document Placed below:


	Draft is prepared by member secretary and circulated among committee members for their views along with agenda of this meeting.
	Committee after detailed deliberation and decided to send the draft document for P – Circulation. If no comments were received within 21 days the document can be send for Wide Circulation.


	8. 
	IS 12473 (Part 4) : 1988 Chemical analysis of hardmetals by flame atomic absorption spectrometry: Part 4 determination of molybdenum, titanium and vanadium in contents from 0.01 to 0.5 percent (M/m)
	As a part of Action Research Project, Committee Chairman of MTD 25, Anish Upadhyaya from M/s IIT Kanpur has reviewed and also prepared a Draft Document Placed below:


	Draft is prepared by member secretary and circulated among committee members for their views along with agenda of this meeting.

	Committee after detailed deliberation and decided to send the draft document for P – Circulation. If no comments were received within 21 days the document can be send for Wide Circulation.


	9. 
	IS 12473 (Part 5) : 1988 Chemical analysis of hardmetals by flame atomic absorption spectrometry: Part 5 determination of cobalt, iron, manganese, molybdenum, nickel, titanium and vanadium in contents from 0.5 to 2 percent (M/m)
	As a part of Action Research Project, Committee Chairman of MTD 25, Anish Upadhyaya from M/s IIT Kanpur has reviewed and also prepared a Draft Document Placed below:


	Draft is prepared by member secretary and circulated among committee members for their views along with agenda of this meeting.
	Committee after detailed deliberation and decided to send the draft document for P – Circulation. If no comments were received within 21 days the document can be send for Wide Circulation.


	10. 
	IS 12473 (Part 6) : 1988 Chemical analysis of hardmetals by flame atomic absorption spectrometry: Part 6 determination of chromium in contents from 0.01 to 2 percent (M/m)
	As a part of Action Research Project, Committee Chairman of MTD 25, Anish Upadhyaya from M/s IIT Kanpur has reviewed and also prepared a Draft Document Placed below:


	Draft is prepared by member secretary and circulated among committee members for their views along with agenda of this meeting.
	Committee after detailed deliberation and decided to send the draft document for P – Circulation. If no comments were received within 21 days the document can be send for Wide Circulation.


	11. 
	IS 8368 : 2010 Tungsten carbide powder for hard metals – Specification (Second Revision)
	As a part of Action Research Project, Panel 6 has reviewed the standard, and decided to reaffirm the standard.
Following are the member of the panel 6 :
1. Anish Upadhyaya of M/s IIT Kanpur
2. Shri Vinay Chilakapati of M/s Innomet Adavance Material
3. Alok Bhaskar of M/s Kanna metal
4. Shri BhalChandra V Pathak of M/s Electronica Tungsten
5. Dr Mayadhar Debata of M/s CSIR - IMMT
      
	Email was send to panel on 04-10-2023. However, the decision is yet to be finalized. 

	Committee after detailed deliberation and requested panel 6 for review of the standard give their recommendations/suggestions within 2 months. 

	12. 
	IS 8369 : 2010 Titanium carbide powder for hardmetals - Specification (Second Revision)
	As a part of Action Research Project, Panel 6 has reviewed the standard, and decided to reaffirm the standard.
Following are the member of the panel 6 :
1. Anish Upadhyaya of M/s IIT Kanpur
2. Shri Vinay Chilakapati of M/s Innomet Adavance Material
3. Alok Bhaskar of M/s Kanna metal
4. Shri BhalChandra V Pathak of M/s Electronica Tungsten
5. Dr Mayadhar Debata of M/s CSIR - IMMT
      
	Email was send to panel on 04-10-2023. However, the decision is yet to be finalized.
	Committee after detailed deliberation and requested panel 6 for review of the standard give their recommendations/suggestions within 2 months.






7.4 The Committee had noted the information as given in item 7.4 of the agenda of the meeting.
Item 8   NEW SUBJECTS FOR STANDARDIZATION
8.1 The Committee had noted the information as given in item 8.1 to 8.4 of the agenda of the meeting.
Item 9   WTO-TBT Enquiry Point
9.1 The Committee had noted the information as given in item 9.1 to 9.6 of the agenda of the meeting.
Item 10    INTERNATIONAL ACTIVITIES
10.1 The Committee had noted the information as given in item 10.1 to 10.4 of the agenda of the meeting.
Item 11 IMPLEMENTATION OF INDIAN STANDARDS
11.1 The Committee had noted the information as given in item 11.1 of the agenda of the meeting.
Item 12 BIS Initiatives  
12.1 The Committee had noted the information as given in item 12.1 to 12.6 of the agenda of the meeting.
Item 13 R&D PROJECTS FOR ESTABLISHMENT/REVISION OF INDIAN STANDARDS 
13.1 The Committee had noted the information as given in item 13.1 of the agenda of the meeting.
Item 14 ANY OTHER BUSINESS 
14.1 Chairman had informed BIS to take Post graduate students as Interns instead of under graduates who can really contribute towards standards formulation.
14.2 The meeting ended with a hearty vote of thanks by member secretary to the chair and members of the committee.
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BUREAU OF INDIAN STANDARDS

DRAFT FOR COMMENTS ONLY
(Not to be reproduced without the permission of BIS or used as an Indian Standard)

YR H7H
TS YU — I[P BT GIRT HUT ATHR JTd HIAT
(3113 T 5461 BT FERT GTIET)

Indian Standard
Metallic powders — Determination of
particle size by dry sieving
(Second Revision of IS 5461)

ICS 77.160

Powder Metallurgical Materials and Products  Last date for receipt of comments:
Sectional Committee, MTD 25 06 July 2023

NATIONAL FOREWORD

This Indian standard is identical to 1SO 4497 : 2020 ‘Metallic powders — Determination of
particle size by dry sieving’ issued by the International Organization for Standardization (ISO),
was adopted by the Bureau of Indian Standards on the recommendation of the Powder
Metallurgical Materials and Products Sectional Committee and approval of the Metallurgical
Engineering Division Council.

This standard was originally published in 1969 and subsequently revised in 1984. The second
revision of this standard has been undertaken to align with the latest version ISO 4497: 2020
to harmonize it with the latest developments that have taken place at international level.

The changes compared to the previous edition is inclusion of a precision statement.

The text of ISO standard has been approved as suitable for publication as in Indian Standard
without deviations. Certain terminologies and conventions are, however, not identical with
those used in Indian Standard. Attention is especially drawn to the following:

a) Wherever the words ‘International Standard’ appear referring to this standard, it
should be read as ‘Indian Standard’.

b) Comma (,) has been used as a decimal marker while in Indian Standards the current
practice is to use a point (.) as the decimal marker.

In this adopted standard, reference appears to certain International Standards for which Indian
Standards also exists. The corresponding Indian Standards which are to be substituted in their
place are listed below along with their degree of equivalence for the edition indicated:
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International Standard Corresponding Indian Standard Degree of
Equivalence
ISO 565: 1990 Test sieves — IS 460 (Part 1) : 2020 Test Sieves — Not

Metal wire cloth, perforated Specification Part 1 Wire Cloth Test Sieves  equivalent
metal plate and electroformed ( Fourth Revision )
sheet — Nominal sizes of

openings &
IS 460 (Part 2) : 2020 Test Sieves —
Specification Part 2 Perforated Plate Test
Sieves ( Fourth Revision )
ISO 2591-1: 1988  Test IS 1607 : 2013 Methods of test sieving Not
sieving — Part 1: Methods (Second Revision) equivalent

using test sieves of woven
wire cloth and perforated
metal plate

ISO 3310-1: 2016 Test sieves IS 460 (Part 1) : 2020 Test Sieves — Not
— Technical requirements Specification Part 1 Wire Cloth Test Sieves  equivalent
and testing — Part 1: Test ( Fourth Revision)

sieves of metal wire cloth

In reporting the result of a test or analysis made in accordance with this standard, is to be
rounded off, it shall be done in accordance with IS 2 : 2022 ‘Rules for rounding off numerical-
values (second revised)’. The number of significant places retained in the rounded off value
should be the same as that of the specified value in this standard.

The Scope of the standard is as follows:
Scope

This document specifies a method of determining the particle size distribution of metallic
powders by dry sieving into size fractions.

The method is applicable to dry, unlubricated metallic powders, but not applicable to powders
in which the morphology differs markedly from being equiaxial, for example flake-type
powders.

The method is not applicable to metallic powders having a particle size wholly or mostly under
45 um.
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The complete document/text of 1SO 4497: 2020 ‘Metallic powders — Determination of
particle size by dry sieving’ may be made available, on request to:

Tofla B /Sanjiv Maini
W:Flm, 33n=|=|$ Th* QGW /Senior Director, Scientist ‘F’ & Head
Yidh HH SFYTISHT TIURT /Metallurgical Engg. Department

q-rR(-ﬂ?IIIT:F:B@/Bureau of Indian Standards, HIHd Hd, T&F

AGell/ Manak Bhavan, 9, B.S.Z. Marg,

New Delhi-110002
E-mail: mtd@bis.gov.in, mtd25@bis.gov.in
Tel: +91 11 23231085







image3.emf
TOR for RnD on  Hardmetals MTD25 Final.docx


TOR for RnD on Hardmetals MTD25 Final.docx
Research Project on subject



		Title

		R&D on ‘Specifications for Tungten Heavy alloy used in Defence sector’



		Sectional Committee

		Powder Metallurgical materials and products Sectional Committee- MTD 25



		Supervisor

		Member Secretary of MTD 25



		Duty Station         

		All over India



		Proposed Duration

		6 months can be extended up to 1 year.









Introductory background:

A new Indian standard is to be formulated on the above mentioned topic as decided by the 18th TC meeting of MTD25. R&D is allocated to Dr. Mayadhar Debata of CSIR-IMMT.

Hard metals, also known as cemented carbides or tungsten carbides, have emerged as indispensable materials in the defence sector due to their exceptional hardness, wear resistance, and strength. This abstract provides an overview of the advancements, applications, and future prospects of hard metals in the defence industry. Typical composition: 95% W, 3.5% Ni, and 1.5% Fe.  Ni:Fe = 7:3. 



The defence sector relies heavily on materials that can withstand extreme conditions and deliver superior performance. Hard metals, typically composed of tungsten carbide (WC) grains embedded in a metallic binder, exhibit a unique combination of hardness and toughness. This makes them ideal for a range of critical applications in defence, including armor-piercing projectiles, cutting tools, wear-resistant components, and ballistic protection.





Proposed Scope of the Project

To study on Hard metals like carbides used in defence sector, specifications to be collected from various labs and industries across the country. The project should cover on-site visits of various manufacturing units where the products are being manufactured and tested for the detailed study of the subject. A thorough literature review should also be done for existing international and national practices/ guidelines. It shall provide substantial facts and information and prepare a comprehensive report documenting the research findings. 





Objective 

Considering the development/ upgradation in the various types of Hard metals used in defence sector for various purposes, it is proposed by Powder metallurgical materials and products Sectional Committee, MTD 25 to formulate new indigenous standard through R&D work.



	







Methodology

1.	A thorough literature review should also be done for existing international and national Standards, Journals, guidelines etc. 

2.	The project should cover on-site visits to various manufacturing units where the products are being manufactured and tested, at different locations of the country.  

3.	Report shall be prepared of research findings and data collected as per the deliverables of this project. 





Criteria for Identification of Proposer to conduct Research work



1.	Availability of Infrastructure for conducting research work.

2.	Capabilities, experience, and competence in the field of subject.

3.	Proposer shall be a member of the Sectional Committee or the academic institution and universities having MoU with BIS.

Note: The acceptance of proposal is subjected to the approval of Sectional Committee and Screening Committee of BIS based on the above and BIS norms.



Deliverables



Considering the scope and objectives, the research shall be taken up by the proposer and prepare a report on the following deliverables based on research for incorporation in the proposed standard: 



1 Types of Hard metals used in defence sector for various purposes across India.

2 Review/refering of existing standards at national and international level on best practices:



a) Raw materials (any Reference to Indian/international standard)

b) Manufacturing procedure

c) Grades

d) Designation

e) Test methods (chemical analysis, hardness testing, Porosity, density, UTS, etc)

f) Physical/dimentional limitations, if any. 

g) Safety requirements and Disposal of waste generated. 

h) Packing and quantities to be packed.

i) Any other specifications.



3 Experts/Skillset

a) Qualification required.

b) Experience.

c) Workplace safety and training.



4 Review during the Site visit of Hard metal manufacturing units

As  above.





5 Challenges faced.





6 Any other important issue to be shared by the proposer.



NOTE: The proposer should collect and rely on the primary data to the extent possible and may also use peer reviewed publication data to support the finding, wherever necessary.



The proposer shall share the detailed methodology for research and study on above issues while submitting a proposal to the Powder Metallurgical Materials and Products Sectional Committee- MTD 25. 



A format for submission of proposal is attached for guidance. After the approval of MTD 25, the proposal of organisation would be put up to internal committee of BIS for final approval.







7 Requirement for the CVs:

Personnel/Team should have work experience in raw materials handling/supply chain department of any metal producing industry. 



8 Timeline and Method of Progress Review:

6/12 Months

Deliverable -1: Literature survey including reports of various industries [end of 1 month].

Deliverable-2:  Report on industry visits and changes desired for making the standard relevant [end of 2nd/3rd month] – to be presented to TCs MTD-25, MTD-34.

Deliverable-3: Working Draft to be submitted to discuss among committee members [end of 4th/6th  month].

Deliverable-4: Draft Standard for Wide-circulation on ‘Hard metals used in Defence sector – Specifications [end of 5th/8th  month]. 

Deliverable-5: Principal investigator/team leader nominated should be the Convener to the panel for disposing off the comments received on the document during wide circulation. 



9 Support BIS will Provide: 

BIS will provide Indian Standards/ISO standards, if any desired during the project timeline. 
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Pre-Standardization Working Draft: Powders Used in Additive Manufacturing



1. Scope

This document establishes the pre-standardization guidelines for the characterization and supply of powders used in additive manufacturing processes. It includes the requirements for chemical composition, physical properties, sampling, packaging, marking, and test certificates of powders used in additive manufacturing.



2. References

The following documents are referenced in this pre-standardization working draft:

- ASTM B212-17: Standard Test Method for Apparent Density of Free-Flowing Metal Powders Using the Hall Flowmeter Funnel

- ASTM B213-20: Standard Test Method for Flow Rate of Metal Powders Using the Hall Flowmeter Funnel

- ASTM B214-16: Standard Test Method for Sieve Analysis of Metal Powders

- ASTM B822-20: Standard Test Method for Particle Size Distribution of Metal Powders Using the Laser Diffraction Technique

- ASTM B527-20: Standard Test Method for Tap Density of Metal Powders and Compounds

- ASTM B923-21: Standard Test Method for Metal Powder Skeletal Density by Helium or Nitrogen Pycnometry

- IS 8811:2018: Indian Standard - Methods for Chemical Analysis of Steels

- IS 9878:2021: Indian Standard - Methods for Chemical Analysis of Ferroalloys

- IS 15338:2018: Indian Standard - Methods of Chemical Analysis of Nickel Base Alloys

- ISO 13320:2009: Particle Size Analysis - Laser Diffraction Methods

- ASTM B873-21: Standard Test Method for Measuring Volume of Apparent Density Cup Used in Test Methods B212, B329, and B417

- ASTM B215-20: Standard Practices for Sampling Metal Powders

- ASTM E353-19: Standard Test Methods for Chemical Analysis of Stainless, Heat-Resisting, Maraging, and Other Similar Chromium-Nickel-Iron Alloys



3. Terms and Definitions

- Additive Manufacturing: The process of creating three-dimensional objects by adding successive layers of material based on a digital model.

- Powders: Finely divided solid materials consisting of particles with sizes ranging from microscale to nanoscale.

- Chemical Composition: The elemental or compound composition of a powder, typically determined through analytical techniques.

- Characterization: The process of determining the physical, chemical, and mechanical properties of powders.

- Sampling: The procedure of selecting representative portions of a powder for analysis or testing.

- Packaging: The method of containing and protecting powders during storage, transportation, and handling.

- Marking: The process of providing information, such as labels or codes, on packaging or containers to identify the powders.

- Test Certificate: A document that provides information about the test results and quality characteristics of a powder.



4. Supply of Materials

The supplier of powders used in additive manufacturing processes should ensure that the materials meet the specified chemical composition, physical properties, and quality requirements. The powders should be supplied in suitable packaging to prevent contamination, degradation, or moisture absorption.



5. Raw Materials and Specification of Powder 

The powders used in additive manufacturing are composed of various raw materials in specific proportions to meet the desired properties. The typical raw materials and their specifications are as follows:

Iron powder (Fe):

Particle size: 5-50 µm

Purity: ≥ 99%

Nickel powder (Ni):

Particle size: 1-20 µm

Purity: ≥ 99.5%

Titanium powder (Ti):

Particle size: 10-100 µm

Purity: ≥ 99.8%

(Note: The above list is for illustrative purposes only and may vary based on the specific additive manufacturing process and the properties required for the final product.)





6. Chemical Composition

The chemical composition of powders should conform to the specifications provided by the additive manufacturing process or customer requirements. Chemical analysis should be performed according to the relevant standards, such as IS 8811:2018, IS 9878:2021, and IS 15338:2018, or other applicable international standards.



7. Characterization

The powders used in additive manufacturing should undergo characterization to determine their physical properties. The following tests, according to the referenced standards, should be performed:

- Apparent Density: ASTM B212-17

- Flow Rate: ASTM B213-20

- Sieve Analysis: ASTM B214-16

- Particle Size Distribution: ASTM B822-20, ISO 13320:2009

- Tap Density: ASTM B527-20

- PYC Density: ASTM B923-21

- OES (Optical Emission Spectroscopy): IS 8811:2018, IS 9878:2021, IS 15338:2018, ASTM E353-19



8. Sampling

Sampling of powders should be carried out using appropriate procedures to ensure representative samples. The methods outlined in ASTM B215-20 should be followed to obtain reliable samples for analysis.



9. Packaging and Marking

9.1. Packaging:

   - Powders used in additive manufacturing should be packaged in containers that provide adequate protection against contamination, moisture, and physical damage.

   - The packaging material should be compatible with the powders and prevent any reactions or interactions that may affect their quality.

   - Suitable packaging options include sealed bags, drums, or containers made of materials such as plastic, metal, or composite materials.

   - The packaging should be designed to minimize the risk of leakage, spillage, or loss during storage, transportation, and handling.



9.2. Marking:

   - Each packaging container should be clearly and legibly marked with essential information for identification and traceability.

   - The following information should be included on the packaging:

     - Product identification or name

     - Batch or lot number for traceability purposes

     - Quantity or weight of the powder

     - Handling and storage instructions, including any special precautions

     - Manufacturer or supplier name and contact details

     - Date of packaging or manufacturing



10.Test Certificate

A test certificate should be provided with each batch or lot of powders used in additive manufacturing. The certificate should include the following information:



10.1. General Information:

   - Certificate reference or number for identification

   - Date of issuance

   - Name and contact details of the issuing entity or laboratory



10.2. Supplier and Customer Details:

   - Name and address of the supplier or manufacturer

   - Name and address of the customer or recipient



10.3. Product Information:

   - Description or identification of the powder

   - Chemical composition, including elemental or compound composition

   - Batch or lot number

   - Manufacturing date or date of procurement

   - Shelf life or expiration date, if applicable



10.4. Test Results:

   - Apparent Density: Results obtained according to ASTM B212-17

   - Flow Rate: Results obtained according to ASTM B213-20

   - Sieve Analysis: Results obtained according to ASTM B214-16

   - Particle Size Distribution: Results obtained according to ASTM B822-20 or ISO 13320:2009

   - Tap Density: Results obtained according to ASTM B527-20

   - PYC Density: Results obtained according to ASTM B923-21

   - OES (Optical Emission Spectroscopy) Analysis: Results obtained according to relevant standards (e.g., IS 8811:2018, IS 9878:2021, IS 15338:2018, ASTM E3 53-19)

   - Any additional characterization or quality control test results, if applicable



10.5. Certification Statement:

   - A statement indicating that the powders meet the specified requirements or standards for use in additive manufacturing

   - Any applicable disclaimers or limitations



10.6. Authorized Signature:

   - Signature of an authorized representative of the issuing entity or laboratory

   - Printed name and position of the signatory



The test certificate should serve as a documented confirmation of the quality and compliance of the powders with the specified requirements for additive manufacturing processes.



This pre-standardization working draft serves as a preliminary guideline for the evaluation and standardization of powders used in additive manufacturing. It aims to ensure the quality, consistency, and reliability of powders for additive manufacturing processes. Further development and refinement of this draft may be necessary to establish a comprehensive standard for powders in additive manufacturing.
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1. Introduction:



-1.1 Subject Area: Powders Used in Additive Manufacturing

Additive manufacturing, commonly known as 3D printing, is a revolutionary manufacturing process that has gained significant traction across diverse industries. At the heart of this innovative technology lies the crucial element of powders used in additive manufacturing. These powders play a pivotal role in the production of 3D-printed objects, determining the quality, mechanical properties, and overall performance of the final products.



In additive manufacturing processes such as Selective Laser Sintering (SLS), Selective Laser Melting (SLM), Electron Beam Melting (EBM), and Binder Jetting, powders are utilized as the raw material. These powders, ranging from metals, polymers, ceramics, to composite materials, are selectively deposited layer by layer to construct intricate and complex geometries that traditional manufacturing methods often struggle to achieve.



-1.2 Key Considerations in Powder Selection:

The choice of powders used in additive manufacturing significantly influences the outcome of the process and the properties of the final 3D-printed parts. Several key considerations in powder selection are as follows:



1.2.1. Material Compatibility: Different additive manufacturing technologies require specific powder materials. Metal powders, such as titanium, aluminum, stainless steel, and nickel-based alloys, are commonly used for metal additive manufacturing processes, while thermoplastic polymers are used for powder bed fusion of plastic parts.



1.2.2. Particle Size and Distribution: The particle size and distribution of powders directly impact the density, surface finish, and mechanical properties of the 3D-printed parts. Uniform particle sizes are critical for achieving consistent and high-quality prints.



1.2.3. Powder Purity: The purity of powders is crucial, especially in high-performance industries like aerospace and medical, where impurities can compromise part integrity and functionality.



1.2.4. Flowability and Packing Density: Powders with good flowability and the ability to achieve high packing density lead to better powder spreading and more efficient powder usage during the additive manufacturing process.



1.2.5. Sphericity and Morphology: Spherical-shaped particles with regular morphology enhance the packing and sintering behavior during the manufacturing process.



1.2.6. Reusability and Recycling: In an effort to reduce material waste and cost, the reusability and recycling of powders are essential considerations for sustainability in additive manufacturing.



1.3. Standardization Rationale:

As the additive manufacturing industry continues to grow and embrace new applications, the need for standardization of powders used in additive manufacturing becomes increasingly critical. Standardization ensures consistent quality, safety, and performance of the final 3D-printed products. It streamlines the supply chain, promotes material traceability, and facilitates cross-industry collaboration.



A comprehensive standardization framework for powders used in additive manufacturing will address critical aspects such as material specifications, testing methods, quality control, safety guidelines, and recycling practices. By establishing standardized practices and regulations, the industry can overcome challenges related to material variability, ensure material compatibility with different additive manufacturing processes, and foster widespread adoption of this transformative technology.



Standardization also plays a significant role in boosting investor confidence, encouraging research and development, and attracting foreign investments in additive manufacturing technologies. Moreover, it enables India to align with global standards and participate effectively in the international additive manufacturing market.



Through the development and implementation of robust standards for powders used in additive manufacturing, India can position itself as a global leader in this fast-evolving and transformative technology, fostering innovation, economic growth, and sustainable development in the manufacturing sector.

2. Line Ministry of Government of India:



The Line Ministry of Government of India responsible for overseeing policies, regulations, and initiatives related to additive manufacturing is the  Ministry of Heavy Industries and Public Enterprises. As a key governing body, it plays a crucial role in promoting and supporting the growth of additive manufacturing technologies in India. The ministry collaborates with various stakeholders, including industries, research institutions, and experts, to create an enabling environment for the adoption and advancement of additive manufacturing.



3. Other Relevant Government Ministries:



While the Ministry of Heavy Industries and Public Enterprises takes the lead in additive manufacturing initiatives, other government ministries also play significant roles in supporting and fostering the growth of this transformative technology. The following ministries are considered relevant due to their contributions to the overall advancement of additive manufacturing:



- 3.1. Ministry of Science and Technology: The Ministry of Science and Technology is a key driver of research and development in various scientific disciplines, including advanced manufacturing technologies. It supports research projects, collaborations, and academic institutions working on additive manufacturing, including research on innovative powders and materials.



- 3.2 Ministry of Electronics and Information Technology: The Ministry of Electronics and Information Technology plays a crucial role in promoting digital technologies and innovations in the electronics sector. While not directly involved in powders used in additive manufacturing, this ministry's initiatives support the integration of additive manufacturing technologies in the electronics supply chain and the development of 3D-printed electronic components.



4. Relevant Missions or Schemes of the Government:



-4.1. Make in India Initiative:

The Make in India initiative, launched in September 2014 by Prime Minister Narendra Modi, is a flagship program of the Government of India aimed at transforming the country into a global manufacturing hub. The initiative focuses on attracting foreign investments, fostering innovation, encouraging domestic production, and promoting the growth of the manufacturing sector. Make in India seeks to position India as a preferred destination for manufacturing, promoting economic growth, job creation, and sustainable development.



How it Supports Additive Manufacturing:

While the Make in India initiative is not specifically targeted at powders used in additive manufacturing, it has significant implications for the growth of the additive manufacturing sector. By encouraging domestic production and fostering innovation, Make in India creates an environment conducive to the development and adoption of additive manufacturing technologies, including research and innovation in advanced materials like powders. The initiative's emphasis on manufacturing excellence and global competitiveness benefits the additive manufacturing industry, positioning it to contribute significantly to India's manufacturing landscape.



4.2. National Policy for Advanced Manufacturing:

The National Policy for Advanced Manufacturing was announced in 2011 to promote the growth of advanced manufacturing technologies and enhance the competitiveness of Indian industries. The policy focuses on technological upgradation, research and development, skill development, and infrastructure improvement to foster a robust manufacturing ecosystem. It aims to strengthen India's manufacturing capabilities by encouraging the adoption of advanced technologies and fostering collaborations between industry, academia, and research institutions.



How it Supports Additive Manufacturing:

While not specifically centered around powders used in additive manufacturing, the National Policy for Advanced Manufacturing sets the stage for the growth of the additive manufacturing sector in India. The policy's focus on research and development and technology adoption is crucial for the advancement of additive manufacturing technologies, including the development and optimization of powders for various additive manufacturing processes. By fostering collaborations and encouraging innovation, the policy enables the additive manufacturing industry to flourish in India.



4.3. Atal Innovation Mission (AIM):

Launched in 2016, the Atal Innovation Mission (AIM) is a flagship initiative under the NITI Aayog (National Institution for Transforming India) that aims to promote a culture of innovation and entrepreneurship in the country. AIM fosters a supportive ecosystem for startups, encourages problem-solving through innovation, and supports research and development projects in various sectors.



How it Supports Additive Manufacturing:

While not exclusively focused on powders used in additive manufacturing, AIM supports startups and research projects that explore advanced manufacturing technologies, including additive manufacturing. The mission's emphasis on promoting innovation and providing funding support creates opportunities for startups and researchers to develop novel additive manufacturing solutions, explore new materials, and optimize powder properties for specific applications.



4.4. Startup India:

Startup India is an initiative launched by the Government of India in January 2016 to promote and support startups in the country. It aims to nurture entrepreneurship, encourage job creation, and provide incentives and benefits to startups and entrepreneurs.



How it Supports Additive Manufacturing:

While not specifically centered around powders used in additive manufacturing, Startup India encourages startups and entrepreneurs to explore opportunities in advanced manufacturing technologies, including additive manufacturing. The initiative provides funding, mentoring, and networking opportunities, which can benefit startups and researchers working on additive manufacturing processes, materials, and technologies.



In summary, while there are no specific initiatives exclusively dedicated to powders used in additive manufacturing, the relevant missions and schemes of the Government of India create a conducive environment for the growth and development of the additive manufacturing sector as a whole. These initiatives support innovation, research and development, and technology adoption, which are instrumental in advancing additive manufacturing technologies, including the optimization and standardization of powders for various 3D printing processes.







5. Identification of Stakeholders:



Identifying and engaging key stakeholders is essential for the successful standardization of powders used in additive manufacturing. The involvement and collaboration of diverse stakeholders with unique perspectives and expertise ensure that the standards address the industry's needs and challenges comprehensively. The following are the key stakeholders involved in the standardization process:



5.1. Manufacturers of Additive Manufacturing Equipment:

   - Companies involved in the production of 3D printers and additive manufacturing equipment are vital stakeholders. Their input is essential in understanding the equipment's requirements concerning powder characteristics, particle size, flowability, and other factors that influence the printing process.



5.2. Powder Suppliers:

   - Suppliers of powders used in additive manufacturing play a crucial role in the standardization process. They provide the raw materials required for 3D printing, and their expertise in powder production and characterization is valuable in setting quality standards and material specifications.



5.3. Research Institutions and Academia:

   - Universities, research institutions, and academic experts actively engaged in additive manufacturing research bring valuable insights and scientific knowledge to the standardization process. Their expertise can help establish testing methods, evaluate powder properties, and contribute to the development of best practices.



5.4. Industry Associations:

   - Organizations representing the additive manufacturing industry can facilitate communication and collaboration between different stakeholders. They advocate for the industry's interests, disseminate knowledge, and contribute to the formulation of industry-specific standards.



5.5. Regulatory Bodies and Government Authorities:

   - Regulatory bodies and government authorities, such as the Bureau of Indian Standards (BIS) and the Ministry of Heavy Industries and Public Enterprises, provide oversight and governance to the standardization process. Their involvement ensures that the standards align with national and international regulations.



5.6. End-Users and Original Equipment Manufacturers (OEMs):

   - End-users and OEMs of 3D-printed products are crucial stakeholders as they rely on high-quality powders to produce functional and reliable components. Their input helps identify specific industry requirements and use cases, guiding the standardization process to address real-world applications.



5.7. Testing Laboratories:

   - Accredited testing laboratories with expertise in material testing and characterization contribute to the development of standardized testing methods. Their evaluations help ensure the consistency and quality of powders used in additive manufacturing.



5.8. Environmental and Sustainability Experts:

   - As sustainability becomes increasingly important, experts in environmental impact and circular economy principles provide valuable input on eco-friendly practices, recycling, and minimizing waste in powder production and additive manufacturing processes.



5.9. Industry Consultants and Experts:

   - Industry consultants and subject matter experts with in-depth knowledge of additive manufacturing and materials offer valuable insights, technical guidance, and best practices to develop comprehensive standards.



5.10. Consumer Advocacy Groups:

    - Consumer advocacy groups represent the end-users' interests and ensure that the final standards prioritize safety, quality, and consumer satisfaction.



Engaging these diverse stakeholders in the standardization process ensures that the resulting standards are inclusive, relevant, and reflective of the additive manufacturing industry's needs, paving the way for a thriving and competitive sector in India.



6. Sustainability Impact Covering Environment, Carbon Footprint, and Circular Economy – In Raw Materials, Processing, Use, and Disposal:



The sustainability aspect of powders used in additive manufacturing is a critical consideration that spans the entire lifecycle of these materials, from their sourcing to their eventual disposal. Understanding the environmental impact, carbon footprint, and circular economy implications of powders is essential for developing comprehensive standards that align with global sustainability goals. This section assesses the sustainability impact of powders used in additive manufacturing across various stages:



6.1. Raw Materials:

- Sourcing of raw materials for powder production must be evaluated concerning environmental factors such as mining practices, energy consumption, and greenhouse gas emissions. Sustainable sourcing strategies, including ethical mining and environmentally responsible extraction methods, can minimize the ecological footprint of raw materials.



6.2. Processing:

- The manufacturing process of powders should be optimized to reduce energy consumption and waste generation. Evaluating the energy efficiency of production methods and exploring eco-friendly techniques can significantly reduce the carbon footprint associated with powder manufacturing.



6.3. Use Phase:

- During additive manufacturing, the consumption of powders directly impacts the sustainability of the process. Analyzing the material efficiency, reusability, and recycling potential of powders helps in minimizing material waste and optimizing resource utilization.



6.4. Disposal and End-of-Life:

- At the end of their lifecycle, powders should be handled in an environmentally responsible manner. Assessing disposal methods, including recycling and safe disposal, contributes to reducing environmental pollution and supporting the principles of a circular economy.



6.5. Circular Economy Approach:

- Implementing a circular economy approach involves designing powders and their production processes with the aim of keeping materials within the value chain for as long as possible. Evaluating the potential for recycling and reusing powders helps reduce the demand for new raw materials, conserves resources, and reduces environmental impact.



6.6. Carbon Footprint Assessment:

- Conducting a carbon footprint assessment throughout the lifecycle of powders is essential to quantify the greenhouse gas emissions associated with their production, transportation, and use. Identifying high-impact areas allows for targeted measures to reduce emissions and support climate mitigation efforts.



6.7. Environmental Certifications and Standards:

- Examining existing environmental certifications and standards related to materials used in additive manufacturing can provide valuable guidance for incorporating sustainability measures into the standardization process. Certifications such as ISO 14001 (Environmental Management Systems) and eco-labels may be relevant in this context.



By comprehensively assessing the sustainability impact of powders used in additive manufacturing, the standardization process can address environmental concerns and promote responsible practices across the additive manufacturing industry. Incorporating sustainability principles into the standards ensures that powders are produced, used, and managed in an environmentally friendly manner, contributing to the industry's overall commitment to sustainable development and responsible resource management.



7. Other Relevant National and International Standards on Products and Test Methods:

In the pre-standardization process for powders used in additive manufacturing, it is essential to consider existing national and international standards that are relevant to the characterization, testing, and quality assessment of these materials. The following are some key standards related to powders used in additive manufacturing:

		Standard Code

		Name



		ASTM B212-17

		Standard Test Method for Apparent Density of Free-Flowing Metal Powders Using the Hall Flowmeter Funnel



		ASTM B213-20

		Standard Test Method for Flow Rate of Metal Powders Using the Hall Flowmeter Funnel



		ASTM B214-16

		Standard Test Method for Sieve Analysis of Metal Powders



		ASTM B822-20

		Standard Test Method for Particle Size Distribution of Metal Powders Using the Laser Diffraction Technique



		ASTM B527-20

		Standard Test Method for Tap Density of Metal Powders and Compounds



		ASTM B923-21

		Standard Test Method for Metal Powder Skeletal Density by Helium or Nitrogen Pycnometry



		IS 8811:2018

		Indian Standard - Methods for Chemical Analysis of Steels



		IS 9878:2021

		Indian Standard - Methods for Chemical Analysis of Ferroalloys



		IS 15338:2018

		Indian Standard - Methods of Chemical Analysis of Nickel Base Alloys



		ISO 13320:2009

		Particle Size Analysis - Laser Diffraction Methods



		ASTM B873-21

		Standard Test Method for Measuring Volume of Apparent Density Cup Used in Test Methods B212, B329, and B417



		ASTM B215-20

		Standard Practices for Sampling Metal Powders



		ASTM E353-19

		Standard Test Methods for Chemical Analysis of Stainless, Heat-Resisting, Maraging, and Other Similar Chromium-Nickel-Iron Alloys









Conclusion:



In conclusion, the pre-standardization report on powders used in additive manufacturing underscores the critical role of standardization in driving the growth, efficiency, and sustainability of the additive manufacturing industry. As the 3D printing revolution continues to reshape various sectors, the quality and performance of 3D-printed products are directly influenced by the characteristics of the powders used in the process.



The report identified key subject areas, such as raw material specifications, chemical composition, physical properties, and test methods, which are crucial for standardizing powders used in additive manufacturing. By adhering to well-defined standards, stakeholders can ensure consistency, reliability, and compatibility of powders across the additive manufacturing supply chain, ultimately enhancing the overall quality of end products.



The Line Ministry of Heavy Industries and Public Enterprises, along with other relevant government ministries, demonstrates a firm commitment to fostering additive manufacturing technologies in India. Initiatives such as Make in India and the National Policy for Advanced Manufacturing play pivotal roles in promoting domestic manufacturing capabilities, innovation, and global competitiveness. Standardization of powders used in additive manufacturing aligns perfectly with these initiatives, paving the way for sustainable growth and economic development in the country.



Moreover, considering the environmental impact and carbon footprint associated with powders throughout their lifecycle, the report highlighted the significance of adopting a circular economy approach. Sustainable sourcing of raw materials, eco-friendly processing methods, material efficiency during use, and responsible disposal at end-of-life are essential for supporting the principles of a circular economy.



Incorporating existing national and international standards, as outlined in the report, provides a solid foundation for the standardization process. These standards offer established methodologies for testing and characterization, ensuring accuracy, comparability, and traceability of results in compliance with recognized practices.



In conclusion, the pre-standardization report on powders used in additive manufacturing serves as a preliminary guideline for the development of comprehensive standards. By standardizing powders, India can enhance product quality, boost innovation, and establish itself as a global leader in the additive manufacturing arena. The collaboration of stakeholders, industry experts, and standardization organizations will play a pivotal role in refining and finalizing these guidelines into robust standards that drive the growth and competitiveness of the additive manufacturing industry in India and on the global stage. Embracing these standardized practices will foster sustainable development, promote responsible resource management, and contribute to a technologically advanced and resilient manufacturing sector.
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Powder Metallurgical Materials and Products Sectional Committee, MTD 25

FOREWORD

This Indian Standard (First Revision) was adopted by the Bureau of Indian Standards, after the draft finalized by
the Powder Metallurgical Materials and Products Sectional Committee had been approved by the Metallurgical
Engineering Division Council.

This standard was first published in 1987. This revision has been brought out to bring the standard in the latest
style and format of the Indian Standards.

In addition, the following changes have been made:

a) Reference clause has been added;

b) In 4, an apparatus (4.2) scanning electron microscope has been included,;

c) In4, an apparatus (4.3) electron back scatter diffraction (EBSD) has been included:;
d) InFig. 2 has been updated; and

e) InFig. 3 and Fig. 4 are added.

In preparation of this standard, assistance has been derived from the following standard:
ISO 4499-1:2020  Hardmetals — Metallographic determination of microstructure
The composition of the Committee responsible for the formulation of this standard is given in Annex A.

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 same as that of the specified value in this standard.
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Indian Standard

METALLOGRAPHIC DETERMINATION OF
MICROSTRUCTURE IN HARD METALS — METHOD

( First Revision )

1 SCOPE

This standard specifies the methods of
metallographic determination of the microstructure
of hard metals.

2 REFERENCE

The standard given below contain provisions which
through reference in this text, constitute provision 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 edition of this
standards:

IS No. Title

IS 11520 :1985 Method for metallographic
sample preparation of
hardmetals

3 DEFINITION OF SYMBOL

SI No. Symbol Definition
@) ) ®)
i) a - phase  Tungsten carbide (WC)
i) B - phase  Binder phase (for example,
Co, Nj, Fe)

iii) v - phase  Carbide of a cubic lattice
(for example: TiC, TaC,
NbC) that may
contain other carbides
(for example: WC) in
solid solution

iv) n - phase  Multiple carbides of
tungsten and at least one
metal of the binder phase

4 APPARATUS

4.1 Optical Microscope — capable of
magnifications up to 1 500 X

4.2 Scanning Electron Microscope — for
magnification over 1 500 X

4.3 Electron Back Scatter Diffraction (EBSD)

44 Equipment — for the metallographic
preparation of test specimen

5 SPECIMEN PREPARATION

5.1 Test specimen shall be selected and prepared for
metallographic examination as per the procedure
given in IS 11520.

5.2 The surface to be examined shall be free from
grinding and polishing mark. Care shall be taken to
avoid tearing out of particles, which may lead to a
wrong evaluation of microstructure.

6 PROCEDURE

6.1 Examine the microstructure by gradual
development of the phases by etching. Examples of
suitable etching techniques are given in Table 1.
Care shall be taken to ensure that the true
microstructure is revealed.

6.2 Determine the presence of n - type phases by
lightly etching the section with technique (I)
(see Table 1). Phases of n - type are coloured
orange to brown. y - phase may etch lightly, while
the other phases remain unetched. Etching by
technique (I) does not prevent subsequent etching
by techniques (II) or (III). Examine the entire
section at low magnification and, if necessary, at
magnification up to 1 500 X. Note and record the
existence of ) - type phases and their distribution.

6.3 Determine the presence of y - phases by etching
with technique (II) (see Table 1). This phase
appears light yellowish brown and has a typically
rounded shape (see Fig. 1). Examine the etched
section and note and record the existence of
vy - phase. Estimate and record its size according to
Fig. 1 as y - fine, y - medium, or y - coarse.

6.4 Determine the presence of a - phase by etching the
surface with technique (III), or in case y - phase is
present, with technique (II) (see Table 1). The
a - phase appears grey and often has an angular shape.
Examine the etched section and note and record the
presence of an o - phase. Estimate and record its size
according to Fig. 2, Fig. 3 and Fig. 4 as a - fine,
a - medium, or a - coarse. Nano, ultrafine, submicron
or extra coarse (see Fig. 2, Fig. 3 and Fig. 4).
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6.5 Identify the B - phase after etching the surface information:
by technique (II) or technique (IIT) (see Table 1).

This phase remains white a) Reference to this standard;

b) Complete identification of the test sample;
c) The results obtained; and

7 TEST REPORT . .
d) Details of any occurrence which may have

The test report shall include the following affected the result.
Table 1 Etching Technique
(Clauses 6.1, 6.2, 6.3, 6.4 and 6.5)
SI No. Etching Composition of Etchants Conditions of Etching Application of
Technique Etching

1) ) ®) (4) ()

i) I Solution A — Freshly Etch in solution A at Identification
prepared solution of equal approximately 20 °C for  ofn - phases
guantities of 10 percent to 2 s to 20 s. Flush the text
20 percent (m/m) aqueous piece section with water
solutions  of  potassium immediately, with surface
hexacyanoferrate (11)  carefully with acetone or
(potassium ferricyanide) and alcohol without wiping.
potassium or sodium
hydroxide.

i) 11 Solution A — See technique Etch at approximately 20 °C  Identification
O in Solution A for 3 min to of y - phase

] . 5 min. Then wash in water
Solution B — A mixuré ang etch in Solution B for
of ~equal  volumes of ahhroximately 10 s. Next
concentrated  hydrochloric  \yash in water. then in
acid and water. alcohol and dry the test-
piece section. Finally, etch
in Solution A for
approximately 20 s.
iii) 111 Solution A — See technique Etch in Solution A at Identification

0

approximately 20 °C for
3 min to 6 min.

of a - phase

NOTE — The separate solutions of potassium hexacyanoferrate (111) and potassium or sodium hydroxide may be stored for a long
time, but must be freshly mixed each day, when used.




Highlight
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vy - fine

v - medium

y - coarse

FIG. 1y - PHASE (AT 1500 X)
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o A LA
D —————————

a) Nano — Optical
Ty >

¢) Ultrafine — Optical d) Ultrafine — SEM

FIG. 2 a-PHASE (WC) — OPTICAL AND SCANNING ELECTRON MICROSCOPE (SEM), NANO AND
ULTRAFINE
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[ 4 AL
I )

¢) Fine — Optical

e) Medium — Optical f)  Medium — SEM

FIG. 3 a-PHASE (WC) — OPTICAL AND SCANNING ELECTRON MICROSCOPE (SEM), SUBMICRON,
FINE AND MEDIUM
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c) Extra coarse — Optical d) Extra coarse — SEM

FIG. 4 a-PHASE (WC) — OPTICAL AND SCANNING ELECTRON MICROSCOPE (SEM), COARSE AND EXTRA
COARSE
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Powder Metallurgical Materials and Products Sectional Committee, MTD 25

FOREWORD

This Indian Standard (First Revision) was adopted by the Bureau of Indian Standards, after the draft finalized by
the Powder Metallurgical Materials and Products Sectional Committee had been approved by the Metallurgical
Engineering Division Council.

This standard was first published in 1985. This revision has been brought out to bring the standard in the latest
style and format of the Indian Standards.

In addition, the following changes have been made:

a) Clause 3.1.2 on rough grinding has been modified; and
b) Basic safety requirements to be observed during metallography have been included.

With the increasing use of hardmetals, a need has been felt for having standards on the metallographic
examination. It is hoped that the revision of this standard will be of considerable use to the industry.

The composition of the Committee responsible for the formulation of this standard is given in Annex A.

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 same as that of the specified value in this standard
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Indian Standard

METALLOGRAPHIC SAMPLE PREPARATION OF
HARDMETALS — METHOD

( First Revision )

1 SCOPE

This standard prescribes a method for preparing
hardmetal samples for metallographic examination.

2 SELECTION OF SPECIMEN

Hardmetals are very often in the form of relatively
small pieces, it is possible to select and mount the
entire piece in such a manner as to permit
examination of the entire cross section. When pieces
are too large for this, however, they should be
sectioned, using a diamond cut off wheel, to allow
viewing as much of a representative cross section as
possible. For micrographic examination, the area
selected should represent, as nearly as possible, the
entire cross section.

3 PREPARATION OF SPECIMEN

There are several methods for preparing hardmetal
surfaces for metallographic examination. Basically,
they all employ diamond wheels for grinding and
diamond paste or diamond powder for lapping. The
grinding practices differ to a minor degree, with
respect to the grit size of diamond. In all practices,
however, the final polish is produced by extremely
fine diamond powder or diamond paste lapping and
in all practices care must be exercised to retain the
microstructure in its true form and to avoid pull-out
of the softer matrix material (usually cobalt).

3.1.1 Mounting

Where possible, specimen should be mounted in a
plastic material such as phenol-formaldehyde or
poly-methyl methacrylate to facilitate polishing
without rounding the edges. Large specimens may
be polished without mounting. When specimens are
too large they may be sectioned using a diamond cut-
off wheel or they may be fractured (appropriate
safety precautions should be taken while breaking
specimens). The area selected for examination
should represent, as nearly as possible, the entire
cross section.

3.1.2 Rough Grinding

The surface to be examined may be ground flat on a
surface grinder with a resin-bonded diamond wheel
(100 grit to 220 grit) operated at 25 m/s to 28 m/s.
After the surface is flat, several clean-up passes are

required. To ensure safe and efficient grinding, it is
recommended to limit the depth of cut to a maximum
of 13 um per pass. It is important to use an ample
amount of coolant during the cutting process. After
grinding on each grit, the direction of specimen
shall be changed perpendicular to the direction of
grinding in the previous grit.

3.1.3 Polishing

Polishing is done in three steps using diamond
powder or paste on a synthetic short-napped cloth
(the reverse side of photographic paper).
When automatic polishing equipment is used, a
resin-bonded diamond disk may be substituted in the
roughing lap. For manual polishing, speeds of
500 rpm to 600 rpm are used, automatic polishing
generally requires speeds of 100 rpm to 200 rpm.

3.1.3.1 Roughing lap

This lap employs diamond powder of size 15 pm to
25 um dispersed in light spindle oil or an equivalent
diamond paste.

3.1.3.2 Second lap

This lap employs diamond powder of size 4 pm to
8 um or an equivalent diamond paste.

3.1.3.3 Finishing lap

This lap employs diamond powder of size less than
2 pm or an equivalent diamond paste.

NOTE — Best results are obtained by applying
considerable pressure to the specimen in all lapping
operations. Lack of adequate pressure will result in pulling
but the softer matrix material (usually cobalt). It is also
essential that the specimen and operator’s hands be
thoroughly cleaned between all the grinding or polishing
steps.

4 SAFETY PRECAUTIONS

Grinding machines are used daily at many
workshops and laboratories. To avoid injuries, the
following minimum safety precautions should be
observed:

a) Wear goggles for all grinding machine
operations;





IS 11520 : 2023

b) Check grinding wheels for cracks before
mounting;

c) Never operate grinding wheels at speeds in
excess of the recommended speed,;

d) Never adjust the workpiece or work
mounting devices when the machine is
operating;

e)
f)

9)

Do not exceed recommended depth of cut
for the grinding wheel or machine;

Remove workpiece from grinding wheel
before turning machine off; and

Use proper wheel guards on all grinding
machines.
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FOREWORD 

This Indian Standard ( Second Revision ) is to be adopted by the Bureau of Indian Standards, after the draft finalized by the Powder Metallurgical Materials and Products Sectional Committee has been approved by the Metallurgical Engineering Division Council. 

This standard was first published in 1987. In view of the experience gained during these years it was felt necessary to revise the standard again. The following modifications have been made in this revision:

	a)



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

IS0 4505-1978 Hardmetals - Metallographic determination of porosity and uncombined carbon. International Organization for Standardization ( IS0 ). 

ASTM B 276-79 Test method for apparent porosity in cemented carbides. American Society of Testing and Materials.

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 same as that of the specified value in this standard.








1 SCOPE

This standard specifies the procedure for the metallographic determination of the presence, type and distribution of porosity and uncombined carbon in hardmetals. 

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  11520 : 1985

		Method for Metallographic Sample Preparation of Hardmetals







3 APPARATUS 

3.1 Metallographic Microscope - or other suitable equipment permitting observations and measurements up to a magnification of 200 X.

3.2 Equipment - for the metallographic preparation of test specimens. 

4 SPECIMEN PREPARATION 

4.1 The specimen shall be selected and prepared for metallographic examination as per IS 11520. 

4.2 The surface to be examined shall be unetched and free from grinding and polishing marks. Care shall be taken to avoid tearing out of particles, which may lead to a wrong evaluation of porosity. 

5 PROCEDURE 

5.1 Pore size is defined as the maximum dimension of the pore in the section. Special reference shall be made to the presence of cracks or slits.

5.2 Pore up to 10 µm shall be assessed by scanning the surface of the test piece section at a magnification of either 100 or 200 X. An area fully representative of the test piece section shall be examined and compared with the range of photomicrographs shown in Fig. 1 or 2, according to the chosen magnification. The porosity level shall be reported by reference to the appropriate photomicrograph and designated as A02, A04, A06 or A08. 

5.3 Pores within the range 10 to 25 µm shall be assessed by scanning the surface of the test piece section at a magnification of 100 X. An area fully representative of the test piece section shall be examined and shall be compared with the range of photomicrographs shown in Fig. 3. The porosity level shall be reported by reference to the appropriate photomicrograph and designated as B02, B04, B06 or B08. 

5.4 If it is necessary to inspect for pores larger than 25 µm, they shall be examined at a suitable magnification up to 100 X and shall be counted and reported as the number of pores per unit area. The size ranges shall be chosen as follows: 25 to 75 µm, 75 to 125 µm, over 125 µm. 

5.5 Uncombined carbon shall be assessed by scanning the surface of the test-piece section at a magnification of 100 X. An area fully representative of the test piece section shall be examined and shall be compared with the range of photomicrographs shown in Fig. 4. The level of uncombined carbon shall be reported by reference to the appropriate photomicrographs and designated as C02, C04, C06 or C08. 

5.6 If A or B type porosity or C type uncombined carbon is not detected, it shall be reported as A00, B00 or C00 as applicable. 

5.7 If the porosity or uncombined carbon is not uniform over the area of the test piece section being examined, the locations on the section to which the evaluation refers must be identified, for example as top, bottom, edge, rim ( case ), core, etc. 



6 TEST REPORT 

The test reports shall include the following information: 

a) Reference to this standard, 

b) Complete identification of the test specimen, 

c) The results obtained, and 

d) Details of any occurrence which may have affected the result.
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A02 0.02 % (vol.)



		

A04 0.06 % (vol.)
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A06 0.2 % (vol.)

		

A08 0.6 % (vol.)



		

FIGURE 1 – Type A apparent porosity (X 100)

(This figure is reproduced from ISO 4505)
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A06 0.2 % (vol.)

		

A08 0.6 % (vol.)



		

FIGURE 2 – Type A apparent porosity (X 200)

(This figure is reproduced from ISO 4505)
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		B02 0.02 % (vol.) (140 pores/cm2)



		B04 0.06 % (vol.) ( 430 pores /cm2)
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		B06 0.2 % (vol.) (1 300 pores/cm2)

		B08 0.6 % (vol.) (4 000 pores/cm2)



		

FIGURE 3 – Type B apparent porosity (X 100)

(This figure is reproduced from ISO 4505)



		[image: ]

		[image: ]



		

C02

		

C04





		[image: ]

		[image: ]



		

C06



		

C08





		FIGURE 4 – Uncombined carbon (X 100)

(This figure is reproduced from ISO 4505)
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FOREWORD

(Formal clauses to be added later)

This standard was first published in 1 987. This revision has been brought out to bring the
standard in the latest style and format of the Indian Standards.

In addition, the following changes have been made:

a) Reference clause is included.

b) In Clause 5 “Calibration of Measurement Apparatus” is included.
c) InClause 6 is modified.

d) Clause 7 is modified.

e) Clause 8 is modified.

In the preparation of this standard, assistance has been derived from the following standard
ISO 4499-4 : 2016 Hardmetals - Metallographic determination of microstructure - Part 4:
Characterisation of porosity, carbon defects and eta-phase content.

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
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revision)’. The number of significant places retained in the rounded off value should be same
as that of the specified value in this standard.
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Indian Standard
METHOD FOR METALLOGRAPHIC DETERMINATION OF
APPARENT POROSITY AND UNCOMBINED CARBON IN

HARD METALS
( First Revision )

1 SCOPE

This standard specifies the procedure for the metallographic determination of the presence,
type and distribution of porosity and uncombined carbon in hardmetals.

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 11520 : 1985 Method for Metallographic Sample Preparation of Hardmetals

IS 11959 : 1987 Method for Metallographic Determination of Microstructure In
Hardmetals

3 TERMINOLOGY
3.1 Carbon Defects

Macroscopic precipitates of carbon (graphite) which can be in the form of large angular rosettes
or small flakes.

3.2 Eta-Phase/ n-Phase

Cubic carbide based on M6C or M12C structure where M is a mixture of Co and W usually in
equal proportions, and which can be present as large (up to 100 um diameter) rosettes or small
micrometres.

4 APPARATUS
4.1 Metallographic Optical Microscope

Metallographic Optical Microscope or other suitable equipment permitting observations and
measurements up to a magnification of 200 X.

4.2 Scanning electron microscope (SEM)

It permitting observation and measurement of features too small to be resolved with optical
microscope.
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4.3 Equipment
Equipment for the metallographic preparation of test specimens.
5 CALIBRATION OF MEASUREMENT APPARATUS

5.1 For reliable quantitative measurements, images shall be calibrated against a stage
micrometre or scale traceable to a National Reference Standard.

5.2 For images obtained from an optical microscope, an image of the calibration graticule shall
also be obtained using the same objectives (and internal magnification step changers or zoom
position) and illuminating technique. The microscope shall be set up for Kohler illumination
to obtain the maximum resolution.

5.3 For Images obtained from a scanning electron microscope, images of the graticule should
be obtained under the same conditions (accelerating kV, working distance, illumination
aperture) as those used for the hardmetals.

6 SPECIMEN PREPARATION

6.1 The specimen shall be selected and prepared for metallographic examination as per IS
11520.

6.2 The surface to be examined shall be unetched and free from grinding and polishing marks.
Care shall be taken to avoid tearing out of particles, which may lead to a wrong evaluation of
porosity.

6.3 Characterisation of Porosity and Carbon (Graphite) Defects

For porosity and carbon defects, the test-piece section shall be prepared as for metallographic
examination and the surface to be examined shall be free from grinding and polishing marks.
Care shall be taken to avoid tearing out of particles, which can lead to a misleading evaluation
of porosity.

6.4 Characterisation of Eta-Phase:

Etching is necessary to reveal eta-phase particles (see 7.5). Eta-phase is metal carbide (usually
MeC or M12C, where M is a combination of Co and W, for example, CosW3C), that forms when
the overall carbon content of the hardmetal is relatively low. Generally, it can grow in one of
two morphologies, either as large rosettes or as small particles of a similar size to the other
hard phases (WC or cubic carbides) present in the hardmetal (see 7.5). The presence of the eta-
phase is usually determined after light etching in 10 % Murakami’s reagent for a few seconds
with immediate water flush following etching (see 1S 11959), which works well for identifying
large eta-phase rosettes. When the eta-phase is present as smaller particles (see Fig. 6), it is
recommended to use a 5 % Murakami’s solution for 20 min followed by washing the sample
with water. In both cases, the surface should be dried carefully with acetone or alcohol without
wiping.

7 PROCEDURE

7.1 Pore size is defined as the maximum dimension of the pore in the section. Special reference
shall be made to the presence of cracks or slits.
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7.2 Pore up to 10 um shall be assessed by scanning the surface of the test piece section at a
magnification of either 100 or 200 X. An area fully representative of the test piece section shall
be examined and compared with the range of photomicrographs shown in Fig. 1 or 2, according
to the chosen magnification. The porosity level shall be reported by reference to the appropriate
photomicrograph and designated as A02, A04, A06 or A08. If the level of A-type pores is less
than 50 % of that shown in Fig. 1 (A02) or Fig. 2 (A02), it shall be designated as AQO.

7.3 Pores within the range 10 to 25 pum shall be assessed by scanning the surface of the test
piece section at a magnification of 100 X. An area fully representative of the test piece section
shall be examined and shall be compared with the range of photomicrographs shown in Fig. 3.
The porosity level shall be reported by reference to the appropriate photomicrograph and
designated as B02, B04, BO6 or B08.

7.3.1 If the number of B-pores appears to be less than or equal to that represented by B02, the
number of B-pores in the representative area (> 0.25 cm?) shall be counted. This number shall
be divided by the area examined to obtain the number of B-pores/cm?.

7.3.2 If this number is less than 70 pores/cm?, it shall be designated as BOO - #, where # is the
number of B-pores/cm? so obtained. If the number is greater than or equal to 70 pores/cm?, it
shall be designated as BO2.

7.3.3 If it is necessary to inspect for pores larger than 25 um, they shall be examined at a
suitable magnification up to 100 X and shall be counted and reported as the number of pores
per unit area. The size ranges shall be chosen as follows: 25 to 75 um, 75 to 125 um, over 125

pm.

7.4 Determination of Carbon Defects

7.4.1 Uncombined carbon shall be assessed by scanning the surface of the test-piece section at
a magnification of 100 X. An area fully representative of the test piece section shall be
examined and shall be compared with the range of photomicrographs shown in Fig. 4. The
level of uncombined carbon shall be reported by reference to the appropriate photomicrographs
and designated as C02, C04, C06 or C08.

7.4.2 If A or B type porosity or C type uncombined carbon is not detected, it shall be reported
as A00, BOO or CQO0 as applicable.

7.4.3 If the porosity or uncombined carbon is not uniform over the area of the test piece section
being examined, the locations on the section to which the evaluation refers must be identified,
for example as top, bottom, edge, rim ( case ), core, etc.

7.5 Determination of the n-Phase (Eta-Phase)

7.5.1 The eta-phase is a metal carbide (usually MsC or M12C, where M is a combination of Co
and W, for example, CosWS3C), that forms when the overall carbon content of the hardmetal is
relatively low. Generally, it can grow in one of two morphologies, either as large rosettes (see
Fig. 5) or as small particles of a similar size to the other hard phases (WC or cubic carbides)
present in the hardmetal (see Fig. 6). Phase of the eta-type appear orange to brown when
observed by optical microscopy after light etching in 10 % Murakami’s reagent. Examine the
whole surface at low magnification to reveal large rosettes (see Fig. 5) and then at progressively
higher magnifications to observe smaller particles or grains. When the eta-phase is present as
smaller particles, it is recommended to use a 5 % Murakami’s solution and the eta-phase is
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revealed as small white particles that contrast with the grey WC grains (see Fig. 6). A typical
micrograph showing these smaller eta-phase particles is given in Fig. 6. The commonly used
etching methods are listed in 6.4. However, smaller particles cannot be identified easily using
this method. SEM techniques such as atomic number contrast or Orientation Imaging
Microscopy (OIM) using Electron Back Scatter Diffraction techniques (EBSD) are more
appropriate.

7.5.2 The presence of the eta-phase is usually determined after light etching in 10 %
Murakami’s reagent for a few seconds with an immediate water flush following etching. The
surface should be dried carefully with acetone or alcohol without wiping. Phases of the eta-
type appear orange to brown when observed by optical microscopy. Examine the whole surface
at low magnification to reveal large rosettes (see Fig. 5) and then at progressively higher
magnifications to observe smaller particles or grains. When the eta-phase is present as smaller
particles (see Fig. 6), it is recommended to use a 5 % Murakami’s solution for 20 min. The eta-
phase is revealed as small white particles that contrast with the grey WC grains. A typical
micrograph showing these smaller eta-phase particles is given in Fig. 6.

8 TEST REPORT

8.1 The test reports shall include the following information:

a) Reference to this standard IS 11960;

b) Complete identification of the test specimen;

c) The results obtained;

d) etchant and etching time;

e) traceability, calibration graticule number and calibration certificate;

f) imaging technique: optical or SEM techniques;

g) magnifications used,

h) number of fields of view measured;

J) for eta-phase characterisation, total number of intercepts;

k) arithmetic mean linear intercept size for eta-phase characterisation in micrometres (um);
m) all operations not specified in this part of IS 11960 are regarded as optional; and
n) details of any occurrence that might have affected the result.

8.2 The test report should additionally include the following information:

a) identification number of the image or photo micrographs if archived,

b) information about the source of the material and the customer requesting the
measurement to be made;

c) numerical aperture of objective for optical microscopy;

d) acceleration voltage, working distance and illuminating aperture for SEM; and

e) comment on measurement uncertainty.
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A02 0.02 % (vol.) A04 0.06 % (vol.)
A06 0.2 % (vol.) A08 0.6 % (vol.)

Fic. 1 — A-Type apparent porosity ( 100 X))
(This figure is reproduced from ISO 4499-4)
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A02 0.02 % (vol.) ~ A040.06 % (vol.)

A06 0.2 % (vol.) A08 0.6 % (vol.)

Fic. 2 — A-Type apparent porosity (200 X)
(This figure is reproduced from ISO 4499-4)
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’ -
B02 0.02 % (vol.) (140 pores/cm?) B04 0.06 % (vol.) ( 430 pores /cm?)
| L]
B06 0.2 % (vol.) (1 300 pores/cm?) B08 0.6 % (vol.) (4 000 pores/cm?)

Fic. 3 — B-Type apparent porosity (100 X)
(This figure is reproduced from ISO 4499-4)
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C02 C04

C06 Co08

Fic. 4 - Uncombind carbon (100 X)
(This figure is reproduced from IS0 4499-4)
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Fic. 5 — Large eta phase rosettes (about 100 um in diameter)
(This figure is reproduced from ISO 4499-4)

Fic. 6 -Small eta-phase particles (light grey, about 5 um in diameter)
(This figure is reproduced from ISO 4499-4)
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FOREWORD



This Indian Standard (Second Revision) was adopted by the Bureau of Indian Standards, after the draft finalized by the Powder Metallurgical Materials and Products Sectional Committee had been approved by the Metallurgical Engineering Division Council.

This standard was first published in 1977 and was subsequently revised in 1993. While reviewing this standard in the light of experience gained during these years, the Sectional Committee decided to revise the standard.

For the purpose of 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

TIN POWDER  SPECIFICATION 

 ( Second Revision )

1 SCOPE 

1.1 This standard covers the requirements for granular tin powders for powder metallurgical applications.

2 REFERENCES

The standards listed below 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 below.



		IS No.

		Title



		IS 26 : 1992

		Tin ingot  Specification ( fourth revision )



		IS 1387 : 1993

		General requirements for the supply of metallurgical materials          ( second revision )



		IS 1940 : 1969

		Methods of chemical analysis of tin ingot ( first revision ) 



		IS 4840 : 2022
ISO 4490 : 2018

		Metallic powders — Determination of flow rate by means of a calibrated funnel ( hall flowmeter ) ( third revision )



		IS 4848 : 2022
ISO 3923-1 : 2018

		Metallic powders — Determination of apparent density — Funnel method ( second revision )



		IS 5432 : 2022
ISO 3252 : 2019

		Powder metallurgy — Vocabulary ( second revision )



		IS 5461 : 1984

		Method for sieve analysis of metal powders ( first revision )



		IS 5644 (Part 2) : 2005
ISO 4491-2 : 1997

		Metallic powders — Determination of oxygen content by reduction methods Part 2 Loss of mass on hydrogen reduction ( hydrogen loss) ( fourth revision )



		IS 6492 : 2020
ISO 3954 : 2007

		Powders for powder metallurgical purposes — Sampling ( first revision )



		IS 7438 :  2022
ISO 4496 : 2017

		Metallic powders — Determination of acid-insoluble content in iron, copper, tin and bronze powders ( second revision )







3 TERMINOLOGY 

3.1 For the purpose of this standard, definitions as given in IS 5432.

4 SUPPLY OF MATERIAL 

4.1 General requirements relating to the supply of tin powder shall be laid down in IS 1387.

5 MANUFACTURE

5.1 Tin powder may be manufactured from ingots conforming to IS 26.

6 GRADES

6.1 There shall be three grades and maximum particle size for each grade when determined in accordance with IS 5461 shall be as follows:

		Grade A

		180 microns



		Grade B

		125 microns



		Grade C

		90 microns







6.2 The requirements of particle size other than specified above shall be subject to mutual agreement between the purchaser and the manufacturer.

7 CHEMICAL COMPOSITION

7.1 The chemical composition of the tin powder shall be as given in Table 1.

7.2 The chemical analysis of tin powder shall be carried out by the methods specified in IS 1940 or any other established instrumental/ chemical method. However, in case of dispute the test method specified in IS 1940 shall be the referee method.

7.3 Hydrogen loss shall be determined in accordance with IS 5644 ( Part 2 ).



Table 1 Chemical Composition of Tin Powder

( Clause 7.1 )

		Constituent

		Percent



		Tin, Min

		99.00



		Lead, Max

		0.10



		Antimony, Max

		0.04



		Copper, Max

		[bookmark: _GoBack]0.05



		Bismuth, Max

		0.04



		Iron, Max

		0.02



		Arsenic, Max

		0.04



		Other impurities, Max

		0.05



		Hydrogen Loss, Max

		0.60







8 PHYSICAL PROPERTIES

8.1 Apparent Density

8.1.1 The apparent density for all the grades of powder shall be at least 2.7g/cm3 but not more than 4.2 g/cm3.

8.1.2 The apparent density shall be determined in accordance with IS 4848.

8.2 Flow Rate

8.2.1 The flow rate shall be as agreed to between the purchaser and the manufacturer.

8.2.2 The flow rate shall be determined in accordance with IS 4840.

9 SAMPLING

9.1 The sampling of powder for conducting various tests shall be done in accordance with IS 6492.

10 PACKING

10.1 The powder shall be packed in suitable containers in quantity mutually agreed to between the purchaser and the manufacturer.

11 MARKING

11.1 Each container of tin powder shall he marked with the following information:

a) Name and grade of powder,

b) Batch number and/or date of manufacture,

c) Net mass of powder in the container, and

d) Indication of the source of manufacture.

11.2 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.

12 TEST CERTIFICATE

12.1 If required, a test certificate may be supplied with each consignment of tin powder indicating details of batch number, grade, chemical composition, and physical properties.
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FOREWORD

(Formal clauses to be added later)

This standard was first published in 1977 and subsequently revised in 1993. This revision has
been brought out to bring the standard in the latest style and format of the Indian Standards. It
also incorporates 1 amendment issued to the last version of the standard.

This standard contains clauses 6.2, 7.2 and 10 which call for agreement between the purchaser
and the manufacturer.

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 same
as that of the specified value in this standard.
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TIN POWDER — SPECIFICATION
( Second Revision of IS 8367 )

1 SCOPE

This standard covers the requirements for granular tin powders for powder metallurgical
applications.

2 REFERENCES

The standards listed in Annex A 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
listed in Annex A.

3 TERMINOLOGY

For the purpose of this standard, definitions as given in IS 5432 shall apply.

4 SUPPLY OF MATERIAL

General requirements relating to the supply of tin powder shall be laid down in IS 1387.
5 MANUFACTURE

Tin powder may be manufactured from ingots conforming to IS 26.

6 GRADES

6.1 There shall be four grades and maximum particle size for each grade when determined in
accordance with IS 5461 shall be as follows:

Grade A 180 microns
Grade B 125 microns
Grade C 90 microns
Grade D 75 micron

6.2 The requirements of particle size other than specified above shall be subject to mutual
agreement between the purchaser and the manufacturer.

7 CHEMICAL COMPOSITION
7.1 The chemical composition of the tin powder shall be as given in Table 1.

7.2 The chemical analysis of tin powder shall be carried out by the methods specified in IS
1940 or any other established instrumental/ chemical method. In case of dispute, the test
method specified in IS 1940 shall be the referee method. However, where the method is not
given in IS 1940, the referee method shall be agreed to between the purchaser and the
manufacturer.

7.3 Hydrogen loss shall be determined in accordance with 1S 5644 ( Part 2 ).
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Table 1 Chemical Composition of Tin Powder
(Clause 7.1)
S| No. Constituent Weight Percent
(1) (2) (3)
i) Tin 99.00, Min
ii) Lead 0.10
iii) Antimony 0.04
iv) Copper 0.05
V) Bismuth 0.04
vi) Iron 0.02
vii) Arsenic 0.04
viii) Other impurities 0.05
ix) Hydrogen loss 0.60

NOTE — The composition limits indicated are expressed as a weight percentage maximum,
unless otherwise specified.

8 PHYSICAL PROPERTIES
8.1 Apparent Density

8.1.1 The apparent density for all the grades of powder shall be at least 2.7g/cm? but not more
than 4.2 g/cm?.

8.1.2 The apparent density shall be determined in accordance with IS 4848.

8.2 Flow Rate

8.2.1 The flow rate shall be as agreed to between the purchaser and the manufacturer.
8.2.2 The flow rate shall be determined in accordance with IS 4840

9 SAMPLING

The sampling of Tin powder for conducting various tests shall be carried out in accordance
with IS 6492.

10 PACKING

The powder shall be packed in suitable containers in quantity mutually agreed to between the
purchaser and the manufacturer.

11 MARKING
11.1 Each container of tin powder shall he marked with the following information:

a) Name and grade of powder;

b) Batch number and/or date of manufacture;
c) Net mass of powder in the container; and
d) Indication of the source of manufacture.

11.2 BIS Certification Marking

The products(s) conforming to the requirements of this standard may be certified as per the
conformity assessment schemes under the provision of the Bureau of Indian Standards Act,
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2016 and the Rules and Regulations framed thereunder, and the product may be marked with
the Standard Mark.
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ANNEX A
(Clause 2)
LIST OF REFERRED INDIAN STANDARDS
IS No. Titles

26 :1992 Tin ingot (fourth revision )
IS 1387 : 1993 General requirements for the supply of metallurgical materials (first revision)
IS 1940: 1969 Methods of chemical analysis of tin ingot (first revision)
IS 4840 : 2022 Metallic powders Determination of flow rate by means of a calibrated funnel
/1SO 4490:2018 Hall flowmeter (third revision)
IS 4848 : 2022 Metallic powders Determination of apparent density: Funnel method (second
/ISO 3923-1: 2018 revision)
IS 5432 : 2022 Powder Metallurgy — Vocabulary
/1ISO 3252 : 2019 (second revision)
IS 5644 (Part 2) : Metallic powders - Determination of oxygen content by reduction methods:
2005 Part 2 loss of mass on hydrogen reduction (Hydrogen Loss) (fourth revision)
/1SO 4491-2:1997
IS 5461 : 1984 Method for sieve analysis of metal powders (first revision)
IS 6492 : 2020 Powders for Powder Metallurgical Purposes — Sampling (first revision)

/ISO 3954 : 2007
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Powder Metallurgical materials and Products Sectional Committee, MTD 25

FOREWORD

This Indian Standard ( second revision ) is to be adopted by the bureau of Indian Standards, after the draft finalized by the Powder Metallurgical Materials and products Sectional Committee has approved by the Structural and Metals Division Council.

This standard was first published in 1977 and subsequently published in 1985. While reviewing the standard in light of experience gained since its first publication, the committee decided to revise this standard. 

In the present revision, the following major modification have been incorporated:

1. Revision clause is included 

1. 



This standard contains clauses 5.1.1 and 8.1 which call for agreement between the purchaser and the manufacturer. 

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. The number of significant places retained in the rounded off value should be same as that of the specified value in this standard’.




1 SCOPE 

This standard covers the requirements of tungsten powder used for manufacturing hardmetals.

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 :

		Sl. No.

		IS

		Title



		(1) 

		(2) 

		(3) 



		i) 

		IS 1387 : 1993

		General requirements for the supply of metallurgical materials (second revision)



		ii) 

		IS 5644 (Part-2) : 2005 

		Metallic powders - Determination of oxygen content by reduction methods: Part 2 loss of mass on hydrogen reduction (Hydrogen Loss) (fourth revision)



		iii) 

		IS 7512 : 2006

		Method for the determination of average particle size of metal powders by fisher sub-sieve sizer (first revision)



		iv) 

		IS 6492 : 2020

		Powders for Powder Metallurgical Purposes — Sampling ( first revision )







3 SUPPLY OF MATERIALS

The general requirements relating to the supply of tungsten powder shall be as laid down in IS 1387.

4 PROCESS OF MANUFACTURE

The powder shall be manufactured by hydrogen reduction process. 

5 CHEMICAL COMPOSITION 

5.1 The chemical composition of the powder shall be as given below:  

		Sl. No.

		Element

		Percent



		(1) 

		(2) 

		(3) 



		i) 

		W

		99.50, Min



		ii) 

		Al

		0.003, Max



		iii) 

		Ca

		0.03, Max



		iv) 

		Cr

		0.03, Max



		v) 

		Fe

		0.10, Max



		vi) 

		K

		0.005, Max



		vii) 

		Mn

		0.03, Max



		viii) 

		Mo

		0.10, Max



		ix) 

		Na

		0.005, Max



		x) 

		Ni

		0.03, Max



		xi) 

		P

		0.01, Max



		xii) 

		Si

		0.01, Max



		xiii) 

		Hydrogen loss

		0.30, Max







5.1.1 The method of chemical analysis shall be as agreed to between the purchaser and the manufacturer till the appropriate Indian Standard for the method of chemical analysis is formulated. 

5.1.2 The hydrogen loss shall be determined in accordance with IS 5644.

6 AVERAGE PARTICLE SIZE 

The average particle size shall be determined in accordance with IS 7512 and shall be within 0.5 µm to 20 µm. 

7 SAMPLING 

The sampling of powders for conducting all the tests shall be done in accordance with IS 6492. 

8 PACKING 

The powder shall be supplied packed in suitable containers in quantities mutually agreed to between the purchaser and the manufacturer. 

9 MARKING 

9.1 Each container of tungsten powder shall be marked with the following information: 

a) Hydrogen reduced tungsten powder, 

b) Manufacturer’s name, 

c) Batch number and the date of manufacture of powder, and 

d) Net mass of powder. 

9.1.1 The powder may also be marked with the ISI Certification Mark.

NOTE - The use of the ISI Certification Mark is governed by the provisions of the Indian Standards Institution ( Certification Marks ) Act and the Rules and Regulations made thereunder. The ISI Mark on products covered by an Indian Standard conveys the assurance that they have been produced to comply with the requirements of that standard under a well-defined system of inspection, testing and quality control which is devised and supervised by ISI and operated by the producer. ISI marked products are also continuously checked by ISI for conformity to that standard as a further safeguard. Details of conditions, under which a licence for the use of the ISI Certification Mark may be granted to manufacturers or processors, may be obtained from the Indian Standards Institution. 

9.1.2. 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.
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Powder Metallurgical Materials and Products Sectional Committee, MTD 25

FOREWORD

This Indian Standard (Second Revision) was adopted by the Bureau of Indian Standards, after the draft finalized
by the Powder Metallurgical Material and Product Sectional Committee had been approved by the Metallurgical
Engineering Division Council.

This standard was first published in 1977 and subsequently published in 1985. This revision has been brought out
to bring the standard in latest style and format of the Indian Standards. It also incorporates 1 amendment issued
to the last version of the standard.

This standard contains 5.1.1 and 8 which call for agreement between the purchaser and the manufacturer.
The composition of the Committee responsible for the formulation of this standard is given in Annex A.

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 same as that of the specified value in this standard.
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Indian Standard
TUNGSTEN POWDER FOR HARDMETALS — SPECIFICATION

( Second Revision )

1 SCOPE

This standard covers the requirements of tungsten
powder used for manufacturing of hardmetals.

2 REFERENCE

The standards given below contain provisions which
through reference in this text, constitute provision 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
these standards:

IS No. Title

IS 1387 : 1993 General requirements for
the supply of metallurgical
materials (second revision)

IS 5644 (Part 2)  Metallic powders  —

: 2005/ISO  Determination of oxygen

4491-2 : 1997  content by reduction
methods: Part 2 Loss of
mass on hydrogen reduction
(hydrogen loss)  (fourth
revision)

IS 6492 : 2020/  Powders for powder

ISO 3954 metallurgical purposes —
2007 Sampling (first revision)
IS 7512 : 2006 Method for the

determination of average
particle size of metal
powders by fisher sub-sieve
sizer (first revision)

3 SUPPLY OF MATERIALS

General requirements relating to supply of tungsten
powder to this specification shall be as laid down in
IS 1387.

4 MANUFACTURE

Tungsten powder shall be manufactured by
hydrogen reduction process.

5 CHEMICAL COMPOSITION

5.1 The chemical composition of the powder shall be

as given below:

SI No. Element Weight Percent
1) @) ®)
i) Al 0.003
i) Ca 0.005
iii) C 0.01
iv) Cr 0.01
V) Co 0.05
vi) Cu 0.01
vii) Fe 0.05
viii) Mo 0.10
iX) Ni 0.01
X) 0, 0.20
Xi) Si 0.005
Xii) Na + K 0.002
Xiii) S 0.002
Xiv) P 0.01
XV) Hydrogen loss 0.30
XVi) W Balance
NOTE — The composition limits indicated are

expressed as a weight percentage maximum, unless
otherwise specified.

5.1.1 The method of chemical analysis shall be as
agreed to between the purchaser and the
manufacturer.

5.1.2 The hydrogen loss shall be determined in
accordance with IS 5644 (Part 2).

6 AVERAGE PARTICLE SIZE

The average particle size shall be within 0.5 um to
20 um and shall be determined in accordance with
IS 7512.

7 SAMPLING

The sampling of powders for conducting all the tests
shall be done in accordance with IS 6492.

8 PACKING

The powder shall be supplied packed in suitable
containers in quantities mutually agreed to between
the purchaser and the manufacturer.
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9 MARKING

9.1 Each container of tungsten powder shall be
marked with the following information:

a) Hydrogen reduced tungsten powder;

b) Manufacturer’s name;

c) Batch number and the date of manufacture
of powder; and

d) Net mass of powder.

9.2 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.
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FOREWORD

This Indian Standard is to be adopted by the Bureau Indian Standards, after the draft finalized by the Powder Metallurgical Materials and Products Sectional Committee has been approved by the Structural and Metals Division Council.

This standard was first published in 1986. In view of the experience gained during these years it was felt necessary to revise the standard again. The following modifications have been made in this revision:

a) 

In the preparation of this standard, assistance has been derived from ISO 3923/2-198 1 Metallic powders- Determination of apparent density Part 2 - Scott volumeter method, issued by the International Organization for Standardization ( ISO ).

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 same as that of the specified value in this standard.




Draft Indian Standard

METHOD FOR DETERMINATION OF APPARENT DENSITY OF METALLIC POWDERS BY SCOTT VOLUMETER 

 ( First Revision )

1 SCOPE 

This standard specifies the Scott volumeter method for the determination of the apparent density of metallic powders. It is applicable to powders that will not flow freely through a 5mm orifice. 

2 PRINCIPLE 

2.1 Measurement of the mass of a certain quantity of powder which in a loose condition exactly fills a cup of known volume.

2.2 The loose condition is obtained, when filling the cup, by cascading the powder over a series of inclined plates in a Scott volumeter (see Fig. 1 and 2).



[image: ]



All dimensions in millimetre

FIG. 1 TEST APPARATUS – FRONT VIEW



[image: ]

All dimensions in millimetre

FIG. 2 TEST APPARATUS – SIDE VIEW



2.3 The ratio between the mass and the volume represents the apparent density. 

3 SYMBOLS AND DESIGNATION 

The description of the various symbols used in this standard are given below:

		Sl No.

		Symbol

		Designation

		Unit



		(1) 

		(2) 

		(3) 

		(4) 



		i) 

		ρa

		Apparent density of metallic powders (general term)

		g/cm3



		ii) 

		ρas

		Apparent density obtained by the Scott volumeter method

		g/cm3



		iii) 

		m

		Mass of the powder

		g



		iv) 

		V

		Volume of the cup

		cm3







4 APPARATUS

4.1 Scott Volumeter - It comprises the parts given in 4.1.1 to 4.1.3. 

4.1.1 Funnel - having a large and a small conical section separated by a cylindrical section and incorporating a brass sieve of aperture size 1.18 mm (16 mesh). 

4.1.2 Baffle Box - having a square section, and containing four glass baffles which may be located and retained by grooves in opposite sides of the box and may thus be removed for ease of cleaning. The baffles are arranged so that the powder falls on each of them in turn, thereby breaking the fall and reducing the velocity of the stream of powder. It is important that none of the powder can pass between the upper edge of the glass baffles and the sides of the baffle box. It is also important that the lower edges of the glass baffles are either in line or slightly overlap in a vertical plane. 

4.1.2.1 A typical design of Scott volumeter is shown in Fig. 1 and 2. Dimensions given with tolerances are mandatory. The other dimensions represent those most frequently used and may vary slightly, provided that the principal requirement previously mentioned are maintained. 

4.1.3 Stand and Horizontal Vibration-Free Base - to support the cup, box and funnel co-axially at the heights indicated in Fig. 1 and 2. 

4.2 Cylindrical Cup - having a capacity of 25 ± 0.05 cm3 and an internal diameter of 30 ± 1mm. 

NOTE - The cup and funnels should be made of non-magnetic, corrosion-resistant metallic material having sufficient wall thickness and hardness to avoid distortion and excessive wear. The inner surfaces of the cup and funnels should be polished.

4.3 Balance - of sufficient capacity, permitting weighing to an accuracy of ± 0.05 g. 

5 SAMPLING 

5.1 The test sample shall be of at least 100 cm3 volume to allow the determination to be carried out on three test portions. 

5.2 In general the powder should be tested in the as-received condition. In certain instances the powder may be dried. However, if the powder is susceptible to oxidation, the drying shall take place in vacuum or in inert gas. If the powder contains volatile substances it shall not be dried.

6 PROCEDURE 

6.1 Pour or feed the powder carefully by means of a spatula into the funnel until the cup is completely filled and powder flows over. 

6.2 If the powder is not free flowing, its passage through the sieve may be aided by light brushing with a soft brush. 

NOTE - If light brushing is not sufficient to make the powder flow through the sieve, the Scott volumeter method is not applicable to this powder. 

6.3 Level the powder with a straight-edge, taking care not to compress or pull out powder and not to disturb or vibrate the cup. 

6.4 After levelling the powder, tap the cup to settle the powder in order to avoid spilling it during transport. particles on the exterior of the cup. Make sure that there are no adhering particles on the exterior of the cup.

6.5 Determine the mass of the powder to the nearest 0.05 g.

6.6 Carry out the determinations on three test portions. 

7.1 The apparent density is given by the formula:

ρas =  = 

7.2 Report the arithmetical mean of three determinations to the nearest 0.01 g/cm3, and the highest and the lowest results if the scatter between results exceeds 1 percent of the mean.

8 TEST REPORT 

The test report shall include the following information: 

a) Reference to this standard; 

b) All details necessary for the identification of the test sample; 

c) The drying procedure, if the powder has been dried; 

d) The result obtained; and 

e) Details of any occurrence which may have affected the result.
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FOREWORD

(Formal clauses to be added later)

This standard was first published in 1986. This revision has been brought out to bring the
standard in the latest style and format of the Indian Standards.

With the growth of powder metallurgical industry, an increasing need has been felt to bring out
standards on the methods of tests for various characteristics of metallic powder in order to
obtain satisfactory and comparable results. This standard is one of the series on this subject. It
is hoped that the formulation of this standard will be of considerable use to the industry.

In the preparation of this standard, assistance has been derived from ISO 3923/2-1981 Metallic
powders - Determination of apparent density Part 2 - Scott volumeter method, issued by the
International Organization for Standardization ( ISO ).

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 same
as that of the specified value in this standard.
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Indian Standard
METHOD FOR DETERMINATION OF APPARENT DENSITY

OF METALLIC POWDERS BY SCOTT VOLUMETER

( First Revision )
1 SCOPE

This standard specifies the Scott volumeter method for the determination of the apparent
density of metallic powders. It is applicable to powders that will not flow freely through a 5
mm orifice.

2 PRINCIPLE

2.1 Measurement of the mass of a certain quantity of powder which in a loose condition exactly
fills a cup of known volume.

2.2 The loose condition is obtained, when filling the cup, by cascading the powder over a series
of inclined plates in a Scott volumeter (see Fig. 1 and 2).
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2.3 The ratio between the mass and the volume represents the apparent density.
3 SYMBOLS AND DESIGNATION

The description of the various symbols used in this standard are given below:

SINo.  Symbol Designation Unit
(1) (2) 3) (4)
) Pa Apparent density of metallic powders (general term) g/lcm?
i) Pas Apparent density obtained by the Scott volumeter g/lcm®

method
iii) m Mass of the powder g
iv) v Volume of the cup cm?®
4 APPARATUS

4.1 Scott Volumeter
It comprises the parts givenin 4.1.1 t0 4.1.3.
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4.1.1 Funnel

Having a large and a small conical section separated by a cylindrical section and incorporating
a brass sieve of aperture size 1.18 mm (16 mesh).

4.1.2 Baffle Box

Having a square section, and containing four glass baffles which may be located and retained
by grooves in opposite sides of the box and may thus be removed for ease of cleaning. The
baffles are arranged so that the powder falls on each of them in turn, thereby breaking the fall
and reducing the velocity of the stream of powder. It is important that none of the powder can
pass between the upper edge of the glass baffles and the sides of the baffle box. It is also
important that the lower edges of the glass baffles are either in line or slightly overlap in a
vertical plane.

4.1.2.1 A typical design of Scott volumeter is shown in Fig. 1 and 2. Dimensions given with
tolerances are mandatory. The other dimensions represent those most frequently used and may
vary slightly, provided that the principal requirement previously mentioned are maintained.

4.1.3 Stand and Horizontal Vibration-Free Base

Stand and Horizontal Vibration free base to support the cup, box and funnel co-axially at the
heights indicated in Fig. 1 and 2.

4.2 Cylindrical Cup

Cylindrical Cup having a capacity of 25 + 0.05 cm? and an internal diameter of 30 + 1mm.

NOTE - The cup and funnels should be made of non-magnetic, corrosion-resistant metallic material having
sufficient wall thickness and hardness to avoid distortion and excessive wear. The inner surfaces of the cup
and funnels should be polished.

4.3 Balance
Balance of sufficient capacity, permitting weighing to an accuracy of + 0.05 g.
5 SAMPLING

5.1 The test sample shall be of at least 100 cm® volume to allow the determination to be carried
out on three test portions.

5.2 In general the powder should be tested in the as-received condition. In certain instances the
powder may be dried. However, if the powder is susceptible to oxidation, the drying shall take
place in vacuum or in inert gas. If the powder contains volatile substances it shall not be dried.

6 PROCEDURE

6.1 Pour or feed the powder carefully by means of a spatula into the funnel until the cup is
completely filled and powder flows over.

6.2 If the powder is not free flowing, its passage through the sieve may be aided by light
brushing with a soft brush.

NOTE - If light brushing is not sufficient to make the powder flow through the sieve, the Scott volumeter
method is not applicable to this powder.
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6.3 Level the powder with a straight-edge, taking care not to compress or pull out powder and
not to disturb or vibrate the cup.

6.4 After levelling the powder, tap the cup to settle the powder in order to avoid spilling it
during transport. particles on the exterior of the cup. Make sure that there are no adhering
particles on the exterior of the cup.

6.5 Determine the mass of the powder to the nearest 0.05 g.

6.6 Repeat the process given in 6.1 to 6.5 and carry out the determinations on three test portions.
7 EXPRESSION OF RESULT

7.1 The apparent density is given by the formula:

7.2 Report the arithmetical mean of three determinations to the nearest 0.01 g/cm?; and also
report the highest and the lowest results, if the scatter between results exceeds 1 percent of
the mean.

8 TEST REPORT
The test report shall include the following information:

a) Reference to this standard;

b) All details necessary for the identification of the test sample;
c) The drying procedure, if the powder has been dried,;

d) The result obtained; and

e) Details of any occurrence which may have affected the result.
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Powder Metallurgical Materials and Products Sectional Committee, MTD 25 

	

FOREWORD



This Indian Standard (Second Revision) was adopted by the Bureau of Indian Standards, after the draft finalized by the Powder Metallurgical Materials and Products Sectional Committee had been approved by the Metallurgical Engineering Division Council.

This standard was first published in 1974 and was subsequently revised in 1987. While reviewing this standard in the light of experience gained during these years, the Sectional Committee decided to revise the standard.

For the purpose of 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

SPECIFICATION FOR NICKEL POWDER

( Second Revision )

1 SCOPE  

1.1 This standard specifies the requirements of nickel powder used for the manufacture of heavy alloys and hard metals.

2 REFERENCES

The standards listed below 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 below.



		IS No.

		Title



		IS 1387 : 1993

		General requirements for the supply of metallurgical materials         ( second revision ) 



		IS 5644 :

		



		IS 6492 : 2020

ISO 3954 : 2007

		Powders for powder metallurgical purposes — Sampling ( first revision )



		IS 7512 : 2006

		Method for the determination of average particle size of metal powders by fisher sub-sieve sizer ( first revision )







3 SUPPLY OF MATERIAL 

3.1 General requirements relating to the supply of nickel powder shall be as laid down in IS 1387.

4 CHEMICAL COMPOSITION 

4.1 The chemical composition of the nickel powder shall be as given in Table 1.













Table 1 Chemical Composition of Nickel Powder

Composition limits are in PERCENT MAXIMUM, unless shown otherwise

		Constituent

		Percent



		Ni

		99, Min



		Fe

		0.05



		Zn

		0.03



		Co

		0.1



		Cu

		0.03



		S

		0.005



		Si

		0.005



		( Na + K )

		0.01



		Ca

		0.005



		C

		0.1



		Hydrogen loss

		0.5









4.1 The methods of chemical analysis shall be as agreed to between the purchaser and the manufacturer.

4.2 The hydrogen loss shall be determined in accordance with IS 5644.

5 AVERAGE PARTICLE SIZE 

The average particle size shall be determined in accordance with IS 7512, and shall be within 2 to 7 m. For specific application, other sizes may be agreed to between the manufacturer and the user.

6 SAMPLING 

The sampling of powder for conducting chemical analysis and particle size determination shall be in accordance with IS 6492.

7 PACKING 

The powder shall be supplied packed in suitable containers in quantities mutually agreed to between the purchaser and the manufacturer.

8 MARKING 

8.1 Each container of nickel powder shall be suitably marked with the following information: 

a) Nickel powder, 

b) Manufacturer’s name, 

c) Batch number and date of manufacture of powder, and 

d) Net mass of powder in the container.

8.2 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.
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Powder Metallurgical Materials and Products Sectional Committee, MTD 25 

	

FOREWORD



This Indian Standard (Second Revision) was adopted by the Bureau of Indian Standards, after the draft finalized by the Powder Metallurgical Materials and Products Sectional Committee had been approved by the Metallurgical Engineering Division Council.

This standard was first published in 1974 and was subsequently revised in 1985. While reviewing this standard in the light of experience gained during these years, the Sectional Committee decided to revise the standard.

For the purpose of 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 

SPECIFICATION FOR COBALT POWDER FOR HARDMETALS 

( Second Revision )

1 SCOPE

1.1 This standard covers the requirements of cobalt powder used in the manufacture of hardmetals.

2 REFERENCES

The standards listed below 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 below.



		IS No.

		Title



		IS 1387 : 1993

		General requirements for the supply of metallurgical materials         ( second revision ) 



		IS 5644 :

		



		IS 6492 : 2020

ISO 3954 : 2007

		Powders for powder metallurgical purposes — Sampling ( first revision )



		IS 7512 : 2006

		Method for the determination of average particle size of metal powders by fisher sub-sieve sizer ( first revision )







3 SUPPLY OF MATERIAL 

3.1 General requirements relating to the supply of material shall be as laid down in IS 1387.

4 PROCESS OF MANUFACTURE 

4.1 The cobalt powder shall be manufactured by hydrogen reduction process.

5 CHEMICAL COMPOSITION

5.1 The chemical composition of the powder shall be as given below:

		Element

		Percent



		Co

		98.7, Min



		Ni

		0.5, Max



		Si

		0.02, Max



		Fe

		0.05, Max



		Al

		0.01, Max



		Cu

		0.02, Max



		Mn

		0.02, Max



		Zn

		0.03, Max



		Mg

		0.02, Max



		Na

		0.03, Max



		Ca

		0.03, Max



		S

		0.02, Max



		Hydrogen loss

		0.60, Max







5.1.1 The methods of chemical analysis shall be as agreed to between the purchaser and the manufacturer.

5.1.2 The hydrogen loss shall be determined by the method given in IS 5644.

6 AVERAGE PARTICLE SIZE

6.1 The average particle size shall be determined in accordance with IS 7512 and shall be within 1 to 3 m.

7 SAMPLING

7.1 The sampling of powders for conducting all the tests shall be done in accordance with IS 6492.

8 PACKING 

8.1 The powder shall be supplied packed in suitable containers in quantities mutually agreed between the purchaser and the manufacturer.

9 MARKING 

9.1 Each container of cobalt powder shall be suitably marked with the following informations: 

a) Hydrogen reduced cobalt powder, 

b) Manufacturer’s name, 

c) Batch number and the date of manufacture of powder, and 

d) Net mass of the powder.

9.2 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.
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FOREWORD

(Formal clauses to be added later)

This standard was first published in 1974 and subsequently revised in 1985. This revision has been
brought out to bring the standard in the latest style and format of the Indian Standards.

Cobalt powder is used in the manufacture of hard metals, which find applications in cutting tool
tips, rock drilling bits, wear parts, and dies.

This standard contains clauses 5 and 8 which call for agreement between the purchaser and the
manufacture.

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’. The number of
significant places retained in the rounded off value should be same as that of the specified value
in this standard.
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Draft Indian Standard

COBALT POWDER FOR HARDMETALS - SPECIFICATION
( Second Revision )

1 SCOPE
This standard covers the requirements of cobalt powder used in the manufacture of hardmetals.

2 REFERENCES

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 below:

IS Title

IS 1387 : 1993 General requirements for the supply of metallurgical materials
(second revision)

IS 5644 Metallic powders - Determination of oxygen content by reduction methods
(Part 3) : 2005 Hydrogen - Reducible oxygen (fourth revision)

6492 : 2020 Powders for Powder Metallurgical Purposes — Sampling (first revision)

7512 : 2006 Method for the determination of average particle size of metal powders by

fisher sub-sieve sizer (first revision)

3 SUPPLY OF MATERIAL

General requirements relating to the supply of material shall be as laid down in IS 1387.
4 PROCESS OF MANUFACTURE

The cobalt powder shall be manufactured by hydrogen reduction process.

5 CHEMICAL COMPOSITION

The chemical composition of the powder shall be as given below:

SI No. Element Percent

(Max)

(1) (2) (3)

i) Co 98.1 (min)

ii) Ni 0.5

iii) Si 0.02

iv) Fe 0.05

V) Al 0.01

vi) Cu 0.02

vii) Mn 0.02
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viii) Zn 0.03
ix) Mg 0.02
X) Na 0.03
Xi) Ca 0.03
Xii) S 0.02
Xiii) Hydrogen loss 0.60
NOTES

1. The methods of chemical analysis shall be as agreed to between the purchaser and
the manufacturer.
2. The hydrogen loss shall be determined by the method given in IS 5644 (Part-3).

6 AVERAGE PARTICLE SIZE

The average particle size shall be determined in accordance with IS 7512 and shall be within 1 pm
to 3 pum.

7 SAMPLING
The sampling of powders for conducting all the tests shall be done in accordance with IS 6492.
8 PACKING

The powder shall be supplied packed in suitable containers in quantities mutually agreed between
the purchaser and the manufacturer.

9 MARKING
9.1 Each container of cobalt powder shall be suitably marked with the following information’s:
a) Hydrogen reduced cobalt powder;
b) Manufacturer’s name;
c) Batch number;
d) Manufacturer date of powder; and
e) Net mass of the powder.
9.2 BIS Certification Marking

The products (s) conforming to the requirements of this standard may be certified as per the
conformity assessment schemes under the provision of the Bureau of Indian Standards Act, 2016
and the Rules and Regulations framed thereunder, and the product may be marked with the
standard mark.
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FOREWORD 

This Indian Standard ( First Revision ) is to be adopted by the Bureau of Indian Standards, after the draft finalized by the Powder Metallurgical Materials and Products Sectional Committee has been approved by the Metallurgical Engineering Division Council. 

This standard was first published in 1988. In view of the experience gained during these years it was felt necessary to revise the standard again. The following modifications have been made in this revision:

a) The standard had been drafted to homogenize its structure and wording with other physical test standards.

In the preparation of this standard, assistance has been derived from ASTM B 61 l-76 ‘Abrasive wear resistance of cemented carbide’, issued by the American Society of Testing and Materials, USA.

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 same as that of the specified value in this standard.






Indian Standard

METHOD FOR DETERMINATION OF ABRASIVE WEAR RESISTANCE OF HARDMETALS



1 SCOPE

This standard covers the method for determination of abrasive wear resistance of hardmetals

.

2 DEFINITIONS 



2.1 Abrasive Wear 

Wear caused by a slurried abrasive on a rotating surface, contacting the specimen surface under pressure. 



2.2 Abrasive Resistance 

The unit loss in volume of the specimen per revolution of steel wheel carrying the abrasive.



2.3 Wear Number 

The reciprocal of the total loss in volume of the specimen in units of cm-3. 



3 APPARATUS 



3.1 Vessel 

Suitable for holding the abrasive slurry and the wheel ( see Fig. 1 ) and shall be made of 5 mm thick steel. The internal dimensions shall be :

		a) 

		Height 

		=  220 mm



		b) 

		Length

		=  245 mm



		c) 

		Width 

		=  60 mm



		d) 

		Radius of the bottom 

		=  40 mm







[image: ]



FIG. 1 SCHEMATIC DIAGRAM OF ABRASIVE WEAR RESISTANCE APPARATUS





3.2 Wheel

Made of annealed mild steel (Designation 20C8) and shall rotate in the centre of the vessel at 100 ± 5 rpm. The direction of rotation shall be from the slurry to the specimen. Four curved vanes shall be affixed to either side of the wheel to agitate and mix the slurry and to propel it towards the specimen. The maximum wheel diameter shall be 170 mm and the width shall be 12.7 ± 1 mm. The wheel shall be discarded when its diameter has decreased to 165 mm, Min. after repetitive use. In use, a slight burr will form at the periphery. This burr will compensate for wheel wear by widening the wear path in the specimen, it shall not be removed. 



3.3 Specimen Holder 

To be pressed against the periphery of the wheel. This specimen holder shall be mounted so that not more than 0.05 mm of side play occurs at the line of contact between the specimen and the wheel. The specimen is tangential to the wheel at the centre line of the wheel and the specimen. A 10 kg weight shall be attached to the other end of the specimen holder lever arm. With a lever advantage of two to one, a force of 20 kg is thus applied to the specimen at the line contact.



4 TEST SPECIMEN 

The specimen shall be at least 5 mm thick and have a surface area large enough so that the wear will be confined within its edges. The specimen may be as large as the specimen holder of the apparatus permits. Dimensional tolerances are not important but the specimen shall be flat within a maximum of 0.004 mm/mm. Surface finish of the specimen is not important except that ground blanks shall be cleaned with a suitable solvent to remove all oils or waxes, and unground blanks shall be grit blasted to remove all adhering foreign particles. 



5 PROCEDURE 



5.1 Weigh the specimen on an analytical balance to the nearest 0.001 g. 

5.2 Determine the density. 

5.3 Place the specimen in a specimen holder and fasten rigidly with set screws and pressure plates. 

5.4 Insert the specimen holder into the abrasion wear test machine. 

5.5 Release the 10 kg weight, causing the load to be applied to the specimen that is bearing against the wheel. 

5.6 Plug the drain at the bottom of the vessel. 

5.7 Pour aluminium oxide grit, 30 mesh, into the vessel to within 25 mm of the centre of the wheel. If a different abrasive is used, it should be noted in the report. Add water to the aluminium oxide in the proportion of 1 ml/4g of grit. 

5.8 Just when the water has seeped into the abrasion grit, start the rotation of the wheel and continue for 1 000 revolutions (determined by means of a revolution counter). If the abrasive tends to accumulate at the end of the vessel opposite the specimen, stir and agitate with a rod to ensure that it is mixed into the slurry. Constantly check the wheel during the run to ensure that a thin film of abrasive slurry is evenly dispersed over the outside rim which is not in contact with the slurry. 

5.9 Stop the rotation of the wheel after 1 000 revolutions. Remove the drain block and flush the slurry out of the vessel. Do not re-use the abrasive grain; use fresh grain for every run. 

5.10 Remove the sample from the specimen holder, rinse free of grit, and dry. 

5.11 Weigh the specimen again to the nearest 0.000 1 g. 



6 CALCULATIONS 

Calculate the abrasive resistance, A, in cubic centimetres per revolution, as follows:



A =  × 105



where

m = mass loss, g, and 

ρ = specimen density, g/cm3 



6.1 Calculate the wear number, W, in reciprocal cubic centimetres, as follows: 

W = 



7 TEST REPORT 

The name of manufacturer, grade designation of specimen and the abrasion resistance or wear number shall be included-in the report.
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Powder Metallurgical Materials and Products Sectional Committee, MTD 25 

	

FOREWORD



This Indian Standard (Second Revision) was adopted by the Bureau of Indian Standards, after the draft finalized by the Powder Metallurgical Materials and Products Sectional Committee had been approved by the Metallurgical Engineering Division Council.

[bookmark: _GoBack]This standard was first published in 1979 and was subsequently revised in 1987. While reviewing this standard in the light of experience gained during these years, the Sectional Committee decided to revise the standard.

For the purpose of 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

SPECIFICATION FOR TANTALUM POWDER FOR CAPACITORS

( Second Revision )

1 SCOPE

1.1 This standard specifies the requirements of tantalum powder used in the manufacture of capacitors.

2 REFERENCES

The standards listed below 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 below.



		IS No.

		Title



		IS 1387 : 1993

		General requirements for the supply of metallurgical materials         ( second revision )



		IS 5461 : 1984

		Method for sieve analysis of metal powders ( first revision )



		IS 6492 : 2020
ISO 3954 : 2007

		Powders for powder metallurgical purposes — Sampling ( first revision )



		IS 7512 : 2006

		Method for the determination of average particle size of metal powders by fisher sub-sieve sizer ( first revision )



		IS 11627 : 1986

		Method for determination of apparent density of metallic powders by scott volumeter







3 GRADES

3.1 The following two grades of tantalum powder are covered in this standard:

a) Grade 1  Powder ( sodium reduced ) meant for high capacitance devices at low voltage ratings ( less than 25 V ).

b) Grade 2  Powder ( electron beam refined, hydride-dehydride ) meant for high reliability capacitance ratings ( 25-125 V range ).

4 SUPPLY OF MATERIAL

4.1 General requirements relating to the supply of tantalum powder shall conform to IS 1387.

5 CHEMICAL COMPOSITION

5.1 The chemical composition of the material shall be as given in Table 1.



Table 1 Chemical Composition of Tantalum Powder for Capacitors

		Constituent

		Grade 1

( Sodium-Reduced )

ppm, Max

		Grade 2

Electron Beam Refined

( Hydride-Dehydride )

ppm, Max





		O

		2200

		1800



		H

		30

		20



		C

		60

		30



		N

		80

		40



		Al

		10

		5



		Cr

		25

		10



		Cu

		5

		5



		Fe

		35

		20



		Mg

		10

		5



		Mn

		10

		10



		Mo

		10

		10



		Na

		10

		5



		Nb

		10

		10



		Ni

		35

		10



		Si

		25

		10



		Sn

		10

		5



		Ti

		5

		5



		Zr

		10

		5



		W

		25

		25



		K

		10

		10







5.2 The method of chemical analysis shall be as agreed to between the purchaser and the manufacturer.

6 PHYSICAL PROPERTIES















6.1 The physical properties of the material shall be as given in Table 2.



Table 2 Physical Properties of Tantalum Powder for Capacitors

		Sl No.

		Characteristics

		Grade 1

		Grade 2



		I)

		Bulk density ( Scott density ), g/cm3

		1.6 to 2.0

		3.5 to 4.5



		II)

		Average particle size range ( Fisher subsieve sizer ), m

		2.5 to 3.5

		6.5 to 8.5



		III)

		Particle size distribution

		Percent

		Percent



		

		Mesh

		10 to 25

		15 to 35



		

		+200

		10 to 20

		5 to 10



		

		−200 +325

−325

		45 to 70

		45 to 60



		

		

		

		







6.1 The bulk density ( Scott density ) shall be determined in accordance with IS 11627.

6.2 The average particle size shall be determined in accordance with IS 7512.

6.3 Particle size distribution shall be determined in accordance with IS 5461.

7 SAMPLING

7.1 The sampling of powder for conducting all the tests shall be done in accordance with IS 6492.

8 PACKING

8.1 The powder shall be supplied packed under argon in suitable containers, in quantities as agreed to between the purchaser and the manufacturer.

9 MARKING

9.1 Each container of tantalum powder shall be marked with the following information:

a) Tantalum powder for capacitor,

b) Grade of powder,

c) Manufacturer’s name,

d) Batch number and date of manufacture of powder, and

e) Net mass of the powder in the container.

9.2 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.
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FOREWORD
(Formal clauses to be added later)

This standard was first published in 1979 and subsequently revised in 1987. This revision has
been brought out to bring the standard in the latest style and format of the Indian Standards. It
also incorporates 1 amendments issued to the last version of the standard.

In addition, the following modification have been made:

a) Reference clause has added;

b) Manufacturing clause has been added;

c) Editorial changes were made in the clause 4 and Table 1;
d) Packing clause has been modified to bring clarity; and

e) Marking clause is updated.

This standard contains clauses 6.2 which call for an agreement between the purchaser and the
supplier

For the purpose of 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.
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Draft Indian Standard

Tantalum powder for capacitors — Specification

( Second Revision of 1S 7970 )

1 SCOPE

This standard specifies the requirements of tantalum powder used in the manufacture of
capacitors.

2 REFERENCES

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 below:

IS Title

IS 1387 : 1993 General requirements for the supply of metallurgical materials ( second
revision )

IS 5461 : 2023 Sieve analysis of metal powders - Method (first revision)

IS 6492 : 2020 Method for sieve analysis of metal powders (first revision)
/1SO 3954 : 2007

IS 7512 : 2016 Method for the determination of average particle size of metal powders by
fisher sub-sieve sizer (first revision)

IS 11627 : 2023 | Determination of apparent density of metallic powders by scott volumeter
- Method (first revision)

3 MANUFACTURE

Tantalum powder shall be manufactured mainly in two grades as given in Table 1 based on the
manufacturing procedure:

a) Grade 1 — Powder shall be prepared by sodium reduction in melts containing
potassium heptafluorotantalate (K>TaF7) heat-treated in air; and

b) Grade 2 — Powder shall be prepared either by electron beam refined or hydride-
dehydrate process.

4 GRADES
The following two grades of tantalum powder given in Table 1 are covered in this standard:

a) Grade 1 — Powder (sodium reduced) meant for high capacitance devices at low voltage
ratings (less than 25 V); and

b) Grade 2 — Powder (electron beam refined, hydride-dehydrate) meant for high
reliability capacitance ratings (between range of 25V - 125 V).

5 SUPPLY OF MATERIAL
General requirements relating to the supply of tantalum powder shall conform to 1S 1387.





6 CHEMICAL COMPOSITION
6.1 The chemical composition of the material shall be as given in Table 1.
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TABLE 1 CHEMICAL COMPOSITION OF IMPURITIES IN TANTALUM
POWDER FOR CAPACITORS
(Clause 3,4 and 6.1)
SI' No. Element Grade 1 Grade 2
( Sodium Reduced ) | ( Electron Beam Refined )/
( Hydride-Dehydride )
1) ) ©) (4)
)} @) 2 200 1800
i) H 30 20
iii) C 60 30
iv) N 80 40
V) Al 10 5
Vi) Cr 25 10
Vii) Cu 5 5
viii) Fe 35 20
iX) Mg 10 5
X) Mn 10 10
Xi) Mo 10 10
Xii) Na 10 5
xiii) Nb 10 10
Xiv) Ni 35 10
XV) Si 25 10
XVI) Sn 10
XVii) Ti 5
Xviil Zr 10
XiX) W 25 25
XX) K 10 10
NOTES
1. All the elemental content is maximum limit, except where range is specified.
2. All the elemental content is measured in ppm.

6.2 The method of chemical analysis shall be as agreed to between the purchaser and the

manufacturer.

7 PHYSICAL PROPERTIES
7.1 The physical properties of the material shall be as given in Table 2.
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TABLE 2 PHYSICAL PROPERTIES OF TANTALUM POWDER FOR
CAPACITORS
(Clause 7.1)

Sl No. Characteristics Grade 1 Grade 2
1) ) ©) (4)
i) | Bulk density ( Scott density ), 1.61t02.0 3.5t04.0

glcm®
i) | Average particle size range ( Fisher 2.51t03.5 55t06.5
subsleve sizer ), um
iii) | Particle size distribution
Mesh no. Percent Percent
+200 10to 25 1510 35
-200 + 325 10to 20 5to 10
-325 45t0 70 45 to 60

7.2 The bulk density ( Scott density ) shall be determined in accordance with IS 11627.
7.3 The average particle size shall be determined in accordance with IS 7512.

8 SAMPLING

The sampling of powder for conducting all the tests shall be done in accordance IS 6492.
9 PACKING

The tantalum powder shall be supplied in packed condition suitable containers (stored in argon
atmosphere especially in the presence of halides), in quantities as agreed to between the
purchaser and the manufacturer.

10 MARKING
10.1 Each container of tantalum powder shall be marked with the following information:
a) Tantalum powder for capacitor;
b) Grade of powder;
c) Manufacturer's name;
d) Batch number and date of manufacture of powder; and
e) Net mass of powder the container.
10.2 BIS Certification Marking

The products (s) conforming to the requirements of this standard may be certified as per the
conformity assessment schemes under the provision of the Bureau of Indian Standards Act,
2016 and the Rules and Regulations framed thereunder, and the product may be marked with
the standard mark.
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FOREWORD

(Formal clauses to be added later)

This standard was first published in 1988. This revision has been brought out to bring the standard in the latest style and format of the Indian Standards.  

In additional following change has been made.

In the preparation of this standard, assistance has been derived from ISO 4501 : 1978 ‘Hardmetals - Determination of titanium - Photometric peroxide method’.  

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 same as that of the specified value in this standard.




Draft Indian Standard

DETERMINATION OF TITANIUM IN HARDMETALS BY SPECTROPHOTOMETRIC METHOD

(First Rivision of IS 12483)

1 SCOPE 

1.1 This standard covers a spectrophotometric method for the determination of the titanium content in carbides and hardmetals. 

1.2 This method is applicable to the following having titanium content exceeding 0.2 percent (m/m): 

a) Carbides and binder metal powder mixtures, free of lubricant; and 

b) All grades of pre sintered or sintered hardmetals. 

2 PRINCIPLE 

Formation of a yellow complex of pertitanic acid. Determination of the absorbance of the complex. 

3 INTERFERING ELEMENTS 

The effect of interfering elements which also form coloured complexes with hydrogen peroxide under the conditions specified, for example vanadium and molybdenum shall be taken into account. A correction can be applied if the content is below 5 percent of each. 

4 REAGENTS        

During the analysis, use only reagents of analytical grade, and distilled water or water of equivalent purity. 

4.l Ammonium Hydrogen Fluoride 

4.2 Ammonium Sulphate

4.3 Sodium Disulphite 

4.4 High Purity Titanium Metal or Titanium Dioxide 

4.5 Citric Acid Solution - 30 percent ( m/m ). 

4.6 Perchloric Acid - ρ = 1.54 or 1.67 g/ml. 

4.7 Concentrated Sulphuric Acid - ρ = 1.84 g/ml. 

4.8 Dilute Sulphuric Acid - ρ = 1.54 g/ml ( concentrated sulphuric acid, ρ = 1.84 g/ml, diluted 1 + 1). 

4.9 Hydrogen Peroxide - 30 percent ( m/m ). 

4.10 Hydrofluoric Acid - ρ = 1.12 g/ml. 

4.11 Concentrated Nitric Acid - ρ = 1.42 g/ml. 

NOTE -  	Comment by Microsoft account: DENSITY of acids should have a tolerance. Need to be discussed.

5 APPARATUS 

5.1 Ordinary Laboratory Apparatus 

5.2 Spectrophotometer or Filter Photometer 

6 SAMPLE PREPARATION 

6.1 The sample shall be crushed to a powder in a mortar made of a material which does not alter the sample composition. The powder shall pass through a 180 µm sieve. 

NOTE - For sintered hardmetals, the preparation of sample may be as agreed to between the purchaser and the manufacturer. 

6.2 The analysis shall be carried out on two or three test portions. 

7 PROCEDURE 

7.1 Select the mass of the test portion, the volume of the volumetric flask and the cell length in accordance with Table 1.

		TABLE 1 TEST PORTION, FLASK VOLUME AND CELL LENGTH

(Clause 7.1)



		Sl No.

		Titanium Content, Percent (m/m)

		Test Portion, Mass (m)

		Flask Volume (ml)

		Cell Length (mm)



		i) 

		0.2 to 4

		0.2

		250

		20



		ii) 

		2 to 8

		0.2

		250

		10



		iii) 

		5 to 15

		0.2

		500

		10



		iv) 

		10 to 30

		0.1

		500

		10



		NOTE  Approximately 17 mg of titanium in 250 ml of final solution gives unit absorbance with a 10 mm cell.







7.2 Test Portion 

Weigh (to the nearest 0.000 1 g) 0.1 g or 0.2 g of the test sample. 

7.3 Dissolution 

Transfer the test portion into a 100 ml to 200 ml conical flask or a 250 ml beaker. Add 5 g ammonium sulphate and 10 ml concentrated sulphuric acid. Cover the beaker or flask with a watch glass. Heat to boiling until complete dissolution is achieved. 

7.3.1 Alternative dissolution method 

Transfer the test portion into a platinum dish. Add 10 ml of water and 5 ml of hydrofluoric acid. Cover the dish with a polypropylene or platinum cover. Heat to approximately 800 °C. Add the concentrated nitric acid drop by drop until dissolution is complete. Cool, add 10 ml of concentrated sulphuric acid (4.7) and 5 g of ammonium sulphate. Heat until fumes of SO3 are observed, and cool again. 	Comment by Microsoft account: 80 degrees is correct as the dish is made of poly propylene which could not withstand 800 degrees.

7.3.2 If any undissolved particles or carbonaceous matter are left, cool to below 100 °C, and cautiously add 1 ml of per chloric acid. Heat to fume off the per chloric acid, then cool to room temperature. 

CAUTION: When using per chloric acid, avoid contact with organic matter. 

7.4 Preparation of the Solution for Analysis 

Add, in small portions, 1 ml of hydrogen peroxide, mix by shaking. Add, in small portions, 30 ml of citric acid solution while mixing. Add 40 ml of water. 

7.4.1 Using a 250 ml volumetric flask 

Transfer the solution into 250 ml volumetric fiask, rinsing copiously with water. Add 25 ml of dilute sulphuric acid ( 1 : 1 ) (4.8), fill nearly to the mark and mix. Cool, add 1 ml hydrogen peroxide, mix, make up to volume and mix again. 

7.4.2 Using a 500 ml volumetric flask 

Transfer the solution into 500 ml volumetric flask, rinsing copiously with water. Add 30 ml citric acid solution and 50 ml dilute sulphuric acid (1: 1) (4.8), fill nearly to the mark and mix. Cool, add 2 ml hydrogen peroxide, mix, make up to volume and mix again. 

7.5 Compensating Solution 

Transfer approximately 30 ml of the coloured solution (7.4) into a 50 ml beaker. Add approximately 0.2 g of sodium disulphide to decolourize the solution. If necessary, repeat the addition of sodium disulphate. 

7.6 Determination of Absorbance 

Choose appropriate cells. Measure the absorbance of the coloured and the compensating solutions at a wavelength of 420 nm using the same cell or a matched pair of cells. 

8 Elimination of Interference

8.1 Vanadium 

Transfer 30 ml of the coloured solution (7.4) into a 50 ml beaker and add approximately 0.1 g ammonium hydrogen fluoride, which destroys the coloured titanium complex. Wait for 3 min. The colour left is due to vanadium.

8.1.1 Measure the absorbance and subtract it from the absorbance due to titanium plus vanadium. 

8.2 Molybdenum 

The colour of the molybdenum peroxide complex is weak. It cannot be compensated for chemically but correction can be calculated from the molybdenum content. 1 percent of molybdenum in the sample corresponds to approximately 0.08 percent of titanium at 420 nm, but the correction should be determined with the spectrophotometer used. 

9 Preparation of the Calibration Curve 

9.1 Standard Titanium Solution 

The standard titanium solution can Abe prepared from titanium metal or titanium dioxide.

9.1.1 Standard titanium solution from titanium metal

Weigh approximately 250 mg of the titanium metal (4.4) and transfer it into a 200 ml conical flask. Add 30 ml water and 20 ml sulphuric acid ( 1 : 1 ) (4.8). Cover the flask. Warm gently and keep the volume constant by adding water until all metal has dissolved. Cool and add approximately 1 ml hydrogen peroxide oxidize the titanium. Evaporate the water by heating to fumes. Cool, add 10 g ammonium sulphate and heat gently until deposits on the walls flask have dissolved. Cool and add about 50 ml of water, transfer into a 250 ml volumetric flask and add 25 ml dilute sulphuric acid ( 1 : 1 ) (4.8). Cool, make up to volume with water and mix. Calculate the titanium content in grams of titanium per litre. 

9.1.2 Standard titanium solution from titanium dioxide 

Weigh a quantity of the titanium dioxide calculated to contain approximately 250 mg of titanium and transfer it into a 200 ml conical flask. Add 10 g ammonium sulphate and 10 ml concentrated sulphuric acid. Cover the flask. Heat to near boiling until a clear solution is obtained. Cool, add, in small portions, 1 ml hydrogen peroxide while mixing by shaking. Add about 50 ml water, transfer into a 250 ml volumetric flask and add 25 ml dilute sulphuric acid ( 1 : 1 ) (4.8). Cool, make up to volume with water and mix. Calculate the titanium content in grams of titanium per litre. 

9.2 Calibration 

Determine the slope of the absorbance titanium curve, that is the absorbance for 1.0 mg of titanium per 250 ml of solution, for example, as follows: 

Into four conical flasks, transfer 5 g ammonium sulphate and 10 ml concentrated sulphuric acid. Add separately to three of the flasks 5.0 ml, 10.0 ml and 15.0 ml standard titanium solution. Use the remaining flask for the blank test. Continue as in 7.4 to 7.6. 

10 Test Results 

10.1 Calculation 

The titanium content, expressed as a percentage by mass, is given by the formula 

Titanium content ( percent by mass) 

where 

A = absorbance from the titanium in the hardmetal; 

a = absorbance when the concentration is 1 mg of titanium per 250 ml with a 10 mm cell; 

m = mass, in mg, of the test portion; 

V = volume, in ml, of the coloured solution; and 

L = cell length, in mm. 

NOTE - The result shall be rounded to the nearest 0.01 percent. 

10.2 Tolerances 

The deviations between two or three independent determinations shall not exceed the values shown in Table 2





		TABLE 2 PERMISSIBLE DEVIATION

(Clause 10.2)



		Sl No.

		Titanium Content, percent

		Range for two determinations, percent

		Range for three determination, percent



		(1) 

		(2) 

		(3) 

		(4) 



		i) 

		From 0.2 to 5

		0.10

		0.12



		ii) 

		Over 5 to 8

		0.15

		0.18



		iii) 

		Over 8 to 15

		0.20

		0.25



		iv) 

		Over 15

		0.30

		0.35





10.3 Final Results 

The Final result shall be reported as given follows:

a) Reference to this Indian Standard IS 12483;

b) Report the arithmetical mean of acceptable determinations rounded to the nearest 0.1 percent;

c) All details necessary for identification of the test sample;

d) Result obtained; and 

e) Details of any occurrence which may have affected the result.
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Foreword

This standard was first published in 1988. This revision has been brought out to bring the standard in the latest style and format of the Indian Standards.  

In additional following change has been made.

In the preparation of this standard, assistance has been derived from ISO 3909 : 1978 ‘Hardmetals - Determination of Cobalt - Potentiometric method’,  

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 same as that of the specified value in this standard.




Indian Standard

DETERMINATION OF COBALT IN HARDMETALS BY POTENTIOMETRIC METHOD

(First Revision of IS 12513)

1 SCOPE

1.1 This standard covers a potentiometric method for the determination of cobalt content in hardmetals. 

1.2 This method is applicable to the following, having cobalt content exceeding 1 percent (m/m): 

a) Carbides and binder metal powder mixtures free of lubricant; and 

b) All grades of pre sintered or sintered hardmetals. 

2 PRINCIPLE 

Oxidation of cobalt to the trivalent state in a strongly ammoniacal solution with an excess of potassium ferricyanide K3[Fe(CN)6]. Potentiometric back titration of the excess with cobalt sulphate solution. 

3 INTERFERING ELEMENTS 

3.1 The effect of interfering elements, for example, vanadium and manganese, shall be taken into account. Vanadium and manganese are also oxidized by potassium ferricyanide. Vanadium reacts stoichiometrically and a correction can be applied if the vanadium content is below 0.5 percent (m/m). 

3.2 Manganese reacts almost stoichiometrically up to 0.2 percent (m/m) only if the sum of tantalum and niobium in the hardmetal is less than 0.02 percent (m/m). Above this level, the method is applicable only if the manganese content is less than 0.03 percent (m/m). 

4 REAGENTS 

During the analysis, use only reagents of analytical grade and distilled water or water of equivalent purity. 

4.1 Ammonium Sulphate 

4.2 Concentrated Hydrochloric Acid (  = 1.19 g/ml ) 

4.3 Hydrofluoric Acid ( =1.12 g/ml ) 

4.4 Concentrated Nitric Acid (  = 1.42 g/ml ) 

4.5 Concentrated Sulphuric Acid (  = 1.84 g/ml ) 

4.6 Ammonia Solution (  = 0.91 g/ml )

4.7 Ammonium Citrate Solution 

Dissolve 100 g citric acid in 900 ml of water and add 100 ml of ammonia solution. 

4.8 Standard Cobalt Solution ( 1 litre = 1 g of cobalt ) 	Comment by Microsoft account: This ( 1 litre = 1 g of cobalt )  depicts that it is a standard cobalt sol. Which is available in the market.

Prepare the solution from compact metallic cobalt, or from diammonium cobalt sulphate or from cobalt sulphate. If necessary, establish the title gravimetrically with 1 nitroso-naphthol-2, or electrolytically. 

4.9 Standard Potassium Ferricyanide Solution ( 1 litre = 3 g of cobalt ) 

Dissolve 17 g of potassium ferricyanide in one litre of water. Determine the relationship between the volume of standard cobalt sulphate solution and potassium ferricyanide solution in the following way. 

4.9.1 Transfer into a 400 ml beaker, 5 g ammonium sulphate, 40 ml ammonium citrate solution, 50 to 100 ml water, 80 ml ammonia solution and from a burrette, approximately 9 ml potassium ferricyanide solution. Volume used : V3 ml. 

Immediately titrate with standard cobalt sulphate solution. Volume used: V4 ml.

4.9.2 Calculate the relationship according to the formula: 



4.10 Methyl Red Indicator Solution ( 1 g/litre ), or indicator paper for pH 3 to 5. 

5 APPARATUS 

Ordinary Laboratory Apparatus 

5.1 Potentiometric Titration Apparatus 

With stirrer or some other arrangement for agitation. 

5.2 Platinum Electrode 

5.3 Tungsten Wire or any other Reference Electrode 

5.4 Burettes - Of capacity 10 ml. 

6 SAMPLING 

6.1 The sample shall be crushed to a powder in a mortar made of a material which does not alter the sample composition. The powder shall pass through a 180 pm sieve. Note - For sintered hardmetals, the preparation of sample may be 8s agreed to between the purchaser and the manufacturer. 

6.2 The analysis shall be carried out on two or three test portions. 

7 Procedure 

7.1 Weigh ( to the nearest 0.000 1 g ) 0.1 g to 0.5 g of the test sample, depending on the cobalt content. 

7.2 Transfer the test portion into a 400 ml beaker, add 10 ml to 15 ml concentrated sulphuric acid, 3 ml concentrated hydrochloric acid and 5 g ammonium sulphate. Cover the beaker with a watch-glass and heat until complete dissolution is achieved. Cool. Add, in small portions, 40 ml to 60 ml ammonium citrate solution. Rinse the watch-glass and the beaker walls with 20 ml to 60 ml of water. Heat the solution gently until all salts are dissolved. Cool.

7.2.1 The following alternative method for dissolution may be used: 

Transfer the test portion into a 400 ml polypropylene beaker or into a platinum dish. Add 10 ml of water and 5 ml of hydrofluoric acid and cover the beaker with a polypropylene cover. Warm to approximately 60°C. Add the concentrated nitric acid, drop by drop, until dissolution is complete. Cool. Add, in small portions, 10 ml concentrated sulphuric acid and 40 ml to 50 ml ammonium citrate ( If vanadium is present, heat the solution and cool again ). Rinse the cover and the beaker walls with 20 to 50 ml of Water. 

7.3 Add 1 drop of methyl red indicator solution or use indicator paper. Carefully neutralize the solution with ammonia solution and maintain pH 3 to 5 and cool. Avoid over-neutralizing.

7.4 Add 80 ml of ammonia solution and preferably cool to 10°C. Immediately add potassium ferricyanide solution from the burette to an excess of a few millilitres. Volume used : V1 ml. Back titrate with a standard cobalt sulphate solution. Volume used : V2 ml. 

8 TEST RESULTS 

8.1 Calculation 

The cobalt content, expressed as a percentage by mass, is given by formula



where,

K = defined in 4.9.2; 

T = mass, in g, of cobalt in 1 ml of the cobalt sulphate solution; and 

m = mass, in g, of the test portion.

NOTE ― The result shall be rounded to the nearest 0.01 percent. 

8.2 Corrections 

The following correction values may be used: 

Vanadium: 0.100 percent (m/m) vanadium is equal to 0.116 percent (m/m) cobalt; and 

Manganese: 0.100 percent (m/m) manganese is equal to 0.107 percent (m/m) cobalt. 

8.3 Tolerances 

The deviations between two or three independent determinations shall not exceed the values shown in the Table 1. 

		TABLE 1 TOLERANCES

( Clause 8.3 )



		Sl No.

		Cobalt Content

		Range for two Determinations

		Range for three determination



		

		Percent

		Percent

		Percent



		i) 

		From 1 to 5

		0.10

		0.12



		ii) 

		Over 5 to 8

		0.15

		0.18



		iii) 

		Over 8 to 20

		0.20

		0.25



		iv) 

		Over 20

		0.30

		0.35







8.4 Final Result 

Report the arithmetical mean of acceptable determinations rounded to the nearest 0.1 percent. 

9 Test Report 

The test report shall include the following information: 

a) Reference to this Indian Standard IS 12513; 

b) All details necessary for identification of the test sample; 

c) The result obtained; and  

d) Details of any occurrence which may have affected the result.
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FOREWORD 

(Formal clauses to be added later)

This standard was first published in 1988. This revision has been brought out to bring the standard in the latest style and format of the Indian Standards. 

In additional following changes has been made;

Editorial change has been made in clause 5.5

In the preparation of this standard, assistance has been derived from ISO 3995 : 2023 Metallic powders - Determination of apparent density Part 2 - Scott volumeter method.

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’. The number of significant places retained in the rounded off value should be same as that of the specified value in this standard.




Draft Indian Standard

DETERMINATION OF GREEN STRENGTH BY TRANSVERSE RUPTURE OF RECTANGULAR COMPACTS OF METALLIC POWDER - METHODS

(First Revision of IS 12571)

1 SCOPE

This standard specifies a method for determination of green strength by measuring the transverse rupture strength of compacts of rectangular cross-section. 

2 PRINCIPLE

The test consists of subjecting a compact pressed from metallic powder to a uniformly increasing transverse force under controlled conditions until fracture occurs. The transverse rupture strength, or green strength as used herein, is the stress, calculated from the flexure formula, required 10 break the compact as a simple beam supported near the ends and applying the force midway between the fixed centre of the supports.

The green strength is determined on compacts either having a particular density or after Compaction at a specific compacting pressure. 

3 APPARATUS 

3.1 Die

Preferably of cemented carbide or alternatively of tool steel, and two punches for producing rectangular test pieces with dimensions according to 4. 

An example of a design for tooling is shown in Fig. 1.

[image: ]

Fig. 1 EXAMPLE OF TOOLING TO PRODUCE A RECTANGULAR TEST PIECE

All dimension in millimetres

Note – Matting parts shall be fitted and lapped.

3.2 Press 

Capable of applying forces up to about 300 kN with a minimum accuracy of ± 2 percent and adjustable to permit an even increase of force at a rate not higher than 50 kN/s. 

3.3 Balance 

Capable of weighing the compacts to an accuracy of ± 0.01 g. 

3.4 Micrometre of other Suitable Measuring Device 

For measuring the dimensions of the compacts to an accuracy of ± 0.01mm

3.5 Fixture for Testing 

Having two support cylinders (rollers) with a fixed distance between them and a load cylinder (roller). All three whalers shall be 3 ± 0.1 mm in diameter and shall be made of hardened steel with a hardness of at least 700 HV or of hardmetal. The cylinders shall be mounted parallel and the distance between the centres of support cylinders shall be 25.0 ± 0.2 mm, measured with an accuracy of ± 0.1 mm. The load cylinders shall be mounted midway between the support cylinders. 

3.5.1 The mounting of the cylinders shall be such as to account for the permitted deviation from parallelism of the top and bottom faces of the test piece. 

3.5.2 A diagrammatic arrangement of a typical test fixture is shown in Fig. 2.

[image: ]

Fig. 2 ARRANGEMENT OF A TYPICAL TEST FIXTURE

3.6 Loading Device

It may be either of the following. 

3.6.1 Compression testing machine 

Capable of determining the breaking force with a minimum accuracy of ± 2 N. 

3.6.2 Loading beam apparatus 

To properly locate the test piece and which is capable of applying a breaking force through a lever arrangement. The applied force can be exerted by various systems, an example of which is given in Fig. 3. The applied force on the test piece shall be calculated to an accuracy of ± 2 N.

[image: ]

Fig. 3 EXAMPLE OF LOADING BEAM APPARATUS

4 Sampling 

The quantity of test sample shall be chosen to give three test pieces with the dimensions 10 to 13 mm wide, at least 30 mm long and 5.5 to 6.5 mm thick. The thickness of the test piece shall be uniform within 0.1 mm over the distance between the supports. If necessary preliminary tests should be made in order to establish the quantity of powder which is needed to fulfil this requirement. 

5 Procedure 

5.1 Cleaning of the Die and Punches 

Wipe the die cavity and the punches with soft and clean paper towelling soaked with an appropriate solvent, such as acetone. Allow the solvent to evaporate.

5.2 Powder Testing Conditions 

5.2.1 Powder which do not contain a lubricant can be compacted in the following ways: 

a) In a dry die, 

NOTE  Seizure and excessive die wear may occur particularly at high compacting pressures. 

b) In a die with lubricated walls (see 5.3.1), or 

c) After admixing a lubricant (see 5.3.2) and in a dry die. 

5.2.2 Powders which contain a lubricant can be compacted in the following ways: 

a) In a dry die, or 

b) After admixing additional lubricant (see 5.3.2) and in a dry die. 

5.3 Lubrication 

One of the following methods of lubrication shall be used. 

5.3.1 Die wall lubrication 

Apply to the die walls, a mixture or a solution of a lubricant in a volatile liquid, for example, 100 g of zinc stearate in 1 000 cm3 of acetone. After any excess liquid has drained away, allow the solution adhering to the walls to evaporate, leaving a thin layer of lubricant. 

5.3.2 Lubrication of powder 

Lubricate the powder to be tested by thoroughly mixing into it a quantity (for example, 0.5 to 1.5 percent) of a suitable solid lubricant (for example, zinc stearate or stearic acid). 

5.4 Compacting and Ejection 

Insert the lower punch into the die cavity. Position the die to the desired height by using supporting spacers between the die and the foot of the lower punch. Pour the sample into the die cavity, taking the usual precautions to ensure that the powder is uniformly distributed in the die cavity. Position the upper punch and place the die with the punches between the platens of the press. Apply and release a preliminary force of approximately 20 kN. Remove the spacers supporting the die. If the die is supported by springs, or in some similar way, it is not necessary to apply the preliminary force. 

5.4.1 Apply the final force at a constant rate which shall not exceed 50 kN/s. 

5.4.2 Eject the compact from the die by means of the lower punch. 

A press tool built into an adaptor where the powder is filled into the tool die by a fill shoe and compaction and ejection is carried out in an automated sequence by the press is also a viable option. With such arrangement the requirement maximum load rate is still valid. The tool arrangement shall enable to compact the specimen uniaxial by means of supporting the die on springs, or alternatively, by controlling the motion of the tool die in relation to the movement of the upper punch.

[image: ]

Fig. 4 PROCEDURE OF COMPACTING AND EJECTION

Key 

1 Filling

2 Pre compacting

3 Compacting.

4 Ejection

5.5 Compacting Pressure 

Green strength can be determined at a given pressure or density following agreement between the supplier and the customer. In the first case, the recommended pressure is 400 N/mm2. In the second case, when test pieces are pressed to a given density, the maximum deviation between the three test pieces shall not exceed 0.1 g/cm3 from target density. 

5.6 Determination of Density 

Measure the length, width and thickness of the test piece in the plane of application of force to the nearest 0.01 mm. Determine the mass and the volume (calculated from the average value of dimensions). 

5.7 Determination of Breaking Force 

Break the test piece under controlled conditions using either a compression testing machine or a loading beam device. 

5.7.1 Method 1 - Using a compression testing machine 

Position the test piece in the transverse rupture test fixture (Fig. 2) so that it is centrally located and perpendicular to the axis of the support cylinders. Place the fixture between the platens of the testing machine and apply a compressive force at a uniform rate such that the test piece fractures within a time not less than 10 sec. Record the breaking force to the nearest 2 N.

5.7.2 Method 2 - Using a loading beam device (See Fig. 3) 

Adjust the balance of the beam so that it is level. Position the test piece in the loading beam device so that it is centrally located and perpendicular to the axis of the support cylinders. Increase the load at a uniform rate such that the test piece fractures within a time not less than 10 sec. Determine the inputs force to the nearest 2 N. 

NOTE  When a container and shot are used, the beam shall be balanced with the container in position. exerted is then calculated from the mass of the shot only. 

6 TEST RESULTS 

6.1 Calculate the density of the test-piece from its mass and volume. Calculate the arithmetical mean of determination on three different test pieces to the nearest 0.05 g/cm3.

6.2 The green strength,  expressed in newton per square millimetre ( N/mm2), is given by the formula: 



where,

F = force, in newtons (N), required to rupture; 

L = length, in mm, of the span of the fixture;

w = width, in mm, of the test piece; and

t = thickness, in mm, of the test piece. 

[bookmark: _GoBack]6.3 Calculate the arithmetical mean of the three determinations rounded to the nearest 0.2 N/mm2 for values up to and including 10 N/mm2 and to nearest 0.5 N/mm2 for various values greater than 10 N/mm2. 

7 TEST REPORT 

The test report shall include the following information: 

a) Reference to this Indian Standard IS 12571; 

b) All details necessary for identification of the test piece; 

c) The type, nature and amount of the lubricant; and the methods of its addition, if it has been added to the powder. 

d) The density of the test pieces or the compacting pressure; 

e) Compacting lie material ( tool steel or cemented carbide ); 

f) The result obtained; 

g) all operations not specified by this document ( IS 12571 ) ; and 

h) Details of any occurrence which may have affected the result.
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Powder Metallurgical Materials and Products Sectional Committee, MTD 25

FOREWORD

This Indian Standard ( First Revision ) is to be adopted by the Bureau of Indian Standards, after the draft finalized by the Powder Metallurgical Materials and Products Sectional Committee has been approved by the Metallurgical Engineering Division Council.

This standard was first published in 1989. This revision has been brought out to bring the standard in the latest style and format of the Indian Standards. 

In addition, the following changes have been made:

a. Reference clause has been added;

b. In Clause 5, Testing machine update 

c.  

With the increasing use of hardmetals, a need has been felt to formulate standards on the method of tests for various properties of hardmetals. This standard is one of the series of standards on this subject. It is hoped that this standard would be of considerable use to the industry. 

In the preparation of this standard, assistance has been derived from ISO 3878 : 1983 ‘Hardmetals - Vickers Hardness Test’, 

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 same as that of the specified value in this standard.




Indian Standard

HARDMETALS- VICKERS HARDNESS TEST

(First Revision of IS 12783)



1 SCOPE 

This standard specifies the method of conducting vickers hardness test for hardmetals

2 REFERENCES

2.1 The following Indian Standards are necessary adjuncts to this standard

3 PRINCIPLE 

3.1 A diamond indenter in the form of a right pyramid with a square base and a specified angle a between opposite faces at the vertex, is forced into the surface of the hardmetal test piece under the test force F ( see Fig. 1 ). The diagonal d of the indentation left in the surface, after removal of the test force F, is measured ( see Fig. 2 ).

3.2 The Vickers hardness is proportional to the quotient obtained by dividing the test force by the sloping area of the indentation which is assumed to be a right pyramid with a square base and having at the vertex the same angle as the indenter. 

4 SYMBOLS AND DESIGNATION 

4.1 The symbols as given below have been used in this standard. 

		Sl No.

		Symbol

		Designation



		(1) 

		(2) 

		(3) 



		i) 

		a

		Angle between the opposite faces at the vertex of the pyramidal indenter ( 136 ± 0.5o )



		ii) 

		F

		Test Force in newtons



		iii) 

		d

		Arithmetic means of the two diagonals d1 and d2 in millimetres





HV Vickers hardness







NOTE – Constant = 1/g = 1/9.806 65 = 0.102

4.2 The Vickers hardness is denoted by the symbol HV preceded by the hardness value and completed by: 

a) number representing the test force ( see 7.3 ) ; and 

b) the duration of loading, in seconds, if different from the time specified in 7.5. 

Example: 

1. 640 HV 30 = Vickers hardness of 640 determined with a test force of 294.2 N applied for 10 to 15 sec. 

2. 640 HV 30/20 = Vickers hardness of 640 determined with a test force of 294.2 N applied for 20 sec. 

5 TESTING EQUIPMENT 

5.1 Testing Machine 

Capable of applying a predetermined force (s) within the range of 9.807 N to 490.3 N ( HV 1 to HV 50 ) in accordance with IS 1754 ( Part 1).	Comment by Microsoft account: Withdrawn

5.2 Indenter 

Consists of a diamond in the form of a right pyramid with square base. The angle at the vertex between opposite faces of the indenter is 136 ± 0.5o ( see Fig. 1 ). 

5.2.1 Four faces of the indenter are equally inclined to the axis of the indenter and meet in a point, that is any line of junction between opposite faces is less than 0.002 mm in length. A common form of point when examined under high magnification is shown as given in Fig. 3. The limiting length of 0.002 mm maximum is also shown in Fig. 3.





5.2.2 The indenter should be well polished and free from cracks and other surface defects. 

5.3 Measuring Device 

Capable of measuring indentation diagonals to the following accuracy: 

d < 100 µm : ± 0.2 µm

100 µm ≤  d < 200 µm : ± 1.0 µm

d ≥ 200 µm : ± 5 percent.	Comment by Microsoft account: 3 percent will give better results.

6 TEST PIECES 

6.1 The surface of the piece to be tested shall be even and have mirror finish to permit the accurate determination of the size of the indentation. The test surface shall be polished in accordance with IS 11520. It shall be free from foreign matter and in particular, completely free from lubricant. 

6.2 Care should be taken in preparing the test piece to avoid any alternation of surface hardness, for example, due to heating or cold working. 

6.3 At least 0.2 mm material should be removed from the thickness of the piece. 

6.4 While determining the hardness of the test piece with a curved surface, a flat surface shall be prepared on the test piece on which the hardness test is carried out. 

6.5 For prepared test, piece shall be at least 1 mm thick. The thickness of the test piece shall be sufficient to allow the test to be carried out without breaking or deforming the test piece under the chosen force. 

6.6 For test piece of small cross section or of irregular shape, it may be necessary to provide some form of additional support, for example, mounting in resin (example : Bakelite, epoxy resin, thermosetting resin). 

7 PROCEDURE 

7.1 The test is carried out at ambient temperature unless otherwise stated. 

7.2 Throughout the test the testing equipment should be protected from shock or vibration. 

7.3 The test force shall be within the range of 9.807 N ( HV 1 )  to 490.3 N ( HV 50 ), the preferred force being 294.2 N ( HV 30 ). 

7.4 The test piece shall be placed firmly on a rigid support. The contact surfaces shall be clean and free from foreign matter (scale, oil, dirt, etc). It shall be ensured that the test piece lies firmly on the support so that displacement cannot occur during the test. 

7.5 Force the indenter without shock or vibration perpendicularly into the surface to be tested until the applied force attains the specified value. The time from the initial application of force until the full test force is reached shall neither be less than 2 seconds nor greater than 8 seconds. The duration of the test force shall be 10 to 15 seconds. 

7.7 If possible, at least three hardness determinations shall be made on the test piece. 

7.8 The distance between the centre of any indentation and the edge of the test piece shall be at least 2.5 times the mean diagonal of the indentation.

7.9 The distance between the centre of two adjacent indentations shall be at least three times the mean diagonal of the indentation. If two adjacent indentations differ in size, the spacing shall be based on the mean diagonal of the large indentation. 

7.10 The satisfactory condition of the indenter shall be verified frequently. Any irregularities in the shape of the indentation may indicate poor condition of the indenter. If the examination of the indenter confirms this, then the test shall be rejected and the indenter shall be renewed. 

7.11 Measure the lengths of the two diagonals. Wide variation in the length of diagonal readings shall be discarded. The arithmetical means of the two readings shall be taken for the calculation of the Vickers hardness. 

7.12 Vickers hardness value may be determined readily from mean diagonal with the help of caluculation given in 4.     



8 TEST RESULTS 

Report the arithmetical mean of the hardness values obtained rounded to the nearest 10 HV.	Comment by Microsoft account: Maximum deviation where we can reject the test or can inform the sample is defective.

9 TEST REPORT 

The report shall include the following information: 

a) Reference to this standard IS 12783. 

b) All details necessary for identification of the test sample. 

c) Result obtained. 

d) Temperature of the test, if other than the ambient temperature. 

e) Any additional information not covered by this standard. 

f) Details or any occurrence which may have affected the results. 

NOTE  There is no general process for converting accurately Vickers hardness into other scales of hardness. Such conversions therefore should be avoided.
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FOREWORD 

This Indian Standard ( First Revision ) is to be adopted by the Bureau of Indian Standards, after the draft finalized by the Powder Metallurgical Materials and Products Sectional Committee has been approved by the Metallurgical Engineering Division Council 

Chemical analysis of hardmetals by flame atomic absorption spectrometric methods is covered in the following parts:

		

		Percent Range of Each Element ( m/m )



		Part 1  General Requirement

		-



		Part 2 Determination of calcium, potassium, magnesium and sodium

		0.001 - 0.02



		Part 3 Determination of cobalt iron, manganese and nickel

		0.01 – 0.5



		Part 4 Determination of molybdenum, titanium and vanadium

		0.01 – 0.5



		Part 5 Determination of cobalt, iron manganese, molybdenum, nickel, titanium and vanadium

		0.5 - 2



		Part 6 Determination of chromium 

		0.01 - 2



		NOTE - The method for determination of chromium also permits determination of iron, nickel and manganese within the range of 0.01 to 2 percent.





In the preparation of this standard, assistance has been derived from ISO 7627 - l : 1983 ‘Hardmetals - Chemical analysis by flame atomic absorption spectrometry - Part I General requirements’

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’. The number of significant places retained in the rounded off value should be same as that of the specified value in this standard.










Indian Standard 

CHEMICAL ANALYSIS OF HARDMETALS BY FLAME ATOMIC ABSORPTION SPECTROMETRY

PART 1 - GENERAL REQUIREMENTS

(First Revision)

1 SCOPE 

This standard ( Part 1 ) specifics the general requirement for this chemical analysis of hardmetals by flame atomic absorption spectrometry.

2 APPLICATION

The method is applicable to the following elements and ranges as specified in the foreword by flame atomic absorption spectrometry:

a) Carbides of chromium, niobium, tantalum, titanium, tungsten and vanadium;

b) Mixtures of these carbides and binder metals;

c) All grades of presintered or sintered hardmetal, produced from these carbides; and 

d) Coated hardmetals, after total removal of coating.

3 PRINCIPLE

The principle of the method involves the dissolution of a test portion and determination of absorbance by flame atomic absorption spectrometry.

4 INTERFERING ELEMENTS

The effects of interference are minimized by using a similar matrix in test and standard solutions.

5 REAGENTS

During the analysis, only reagents of analytical grade and distilled water of equivalent purity shall be used.

NOTE ― In certain cases, reagents of higher purity should be used.

6 APPARATUS

Ordinary laboratory apparatus and atomic absorption spectrometry apparatus shall be used.

NOTES

1. All measurement parameter should be chosen to give optimum sensitivity.

2. Single element hollow cathode lamps are recommended. The recommended instrument requirements are shown in the relevant parts of this standard.

SAMPLING

7.1 If necessary, the sample may be crushed in a mortar made of a material which does not alter the sample composition. if the sample contains lubricant, this shall be extracted before analysis.

NOTE  In case of sintered hardmetals, the method of sampling may be mutually agreed between the supplier and the purchaser.

7.2 The analysis shall be carried out on at least three test portion.

8 PROCEDURE 

The procedure is given in the relevant parts of this Indian standard.

9 TEST REPORT 

The test report shall include the following information: 

a) A reference to the relevant part of this Indian standard IS 12473;

b) All details necessary for identification of the test sample;

c) Results obtained;

d) All the operations not specified in this standard; and 

e) Details of any occurrence which may have affected the results.
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FOREWORD

This Indian Standard ( First Revision ) is to be adopted by the Bureau of Indian Standards, after the draft finalized by the Powder Metallurgical Materials and Products Sectional Committee has been approved by the Metallurgical Engineering Division Council. 

This standard was first published in 1988. This revision has been brought out to bring the standard in the latest style and format of the Indian Standards. 

This standard is one of a series of Indian Standard on Chemical analysis of hardmetals by flame atomic absorption spectrometric methods in this series are;

		

		Percent Range of Each Element ( m/m )



		Part 1 General Requirement

		-



		Part 3 Determination of cobalt iron, manganese and nickel

		0.01 – 0.5



		Part 4 Determination of molybdenum, titanium and vanadium

		0.01 – 0.5



		Part 5 Determination of cobalt, iron manganese, molybdenum, nickel, titanium and vanadium

		0.5 - 2



		Part 6 Determination of chromium 

		0.01 - 2



		NOTE - The method for determination of chromium also permits determination of iron, nickel and manganese within the range of 0.01 to 2 percent





In the preparation of this standard, assistance has been derived from ISO 7627-2 : 1983 ‘Hardmetals — Chemical analysis by flame atomic absorption spectrometry — Part 2: Determination of calcium, potassium, magnesium and sodium in contents from 0,001 to 0,02 % (m/m)’

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’. The number of significant places retained in the rounded off value should be same as that of the specified value in this standard.






Indian Standard

CHEMICAL ANALYSIS OF HARDMETALS BY FLAME ATOMIC ABSORPTION SPECTROMETRY 

PART 2 - DETERMINATION OF CALCIUM, POTASSIUM, MAGNESIUM AND SODIUM IN CONTENTS FROM 0.001 TO 0.02 PERCENT ( m/m )

( First Revision )

1 SCOPE 

1.1 This standard (Part 2) specified the method to be used for the determination of calcium, potassium, magnesium and sodium contents in hardmetals within the range 0.001 to 0.02 percent ( m/m ) by flame atomic absorption spectrometry.

1.2 General requirement concerning the field of application, principle, interfering elements apparatus, sampling and test report are given in part 1 of this standard.

NOTE  In low concentration, the determination or these elements is very critical Every care should be taken to avoid contamination from atmosphere and reagents.

2 REAGENTS

During the analysis only reagents of analytical grade and distilled water or water of equivalent purity shall be used.

2.1 Hydrofluoric Acid (  = 1.12 g/ml ) 

2.2 Concentrated nitric acid (  = 1.42 g/ml )

2.3 Ammonium Fluoride(  = 0.1 g/ml )

2.4 Caesium Chloride (  = 0.01 g/ml )

2.5 Standard Caesium Solution ( 1 ml = 1 ml of Ca ) 

Weigh ( to the nearest 0.000 1 g ) in a beaker 2.497 2 g of calcium carbonate previously dried at 110°C and cooled in a desiccator. Add 10 ml of concentrated hydrochloric acid. When dissolution is complete, transfer to 1 litre volumetric flask, dilute with water up to the mark and mix. 

2.6 Standard Potassium Solution ( 1 ml = 1 mg of K ) 

Dry 3 g of potassium chloride at 110°C. Take 1.906 8 g of potassium chloride and dissolve in 100 ml of water. Transfer to 1 litre volumetric flask, dilute with water up to the mark and mix. 

2.7 Standard Magnesium Solution ( 1 ml = 1 mg of Mg) 

Weigh ( to the nearest 0.000 1 g )  1 g of pure magnesium metal (purity 99.95 percent) in a 250 ml beaker. Add 25 ml dilute hydrochloric acid (1 : 1). Boil gently to dissolve the metal. Add 50 ml of dilute hydrochloric acid. Transfer to 1 litre volumetric flask, dilute with water up to the mark and mix. Store in a polyethylene bottle. 

2.8 Standard Sodium Solution ( 1 ml = 1 mg of Na ) 

Weigh 3.089 1 g of anhydrous sodium sulphate previously dried at 110°C and cooled in 3 desiccators. Place it in a 250 ml beaker and add 10 ml of concentrated hydrochloric acid, transfer to 1 litre volumetric flask, dilute with water up to the mark and mix. Store in a polyethylene bottle. 

3 PROCEDURE 

3.1 Test Portion 

Weigh, to the nearest 0.001 g, approximately 1 g of the test sample. transfer it to a 100 ml polytetrafluoroethylene beaker. Cover the beaker. 

3.2 Dissolution of the Test Portion 

Add 10 ml of water, 5 ml of hydrofluoric acid and then 5 ml of concentrated nitric acid, drop by drop, to the beaker containing the test portion and heat gently until the test portion is completely dissolved. Add 10 ml of caesium chloride solution and 10 ml of ammonium fluoride solution. Then transfer the solution totally to a 100 ml polyethylene volumetric flask and dilute to the mark and mix. 

3.3 Dilution Volume 

Prepare the relevant dilution volume for analysis according to Table 1 as follows. 

3.3.1 Dilution Volume ( 100 ml = 1 g of test sample )  Use the solution 3.2. 

3.3.2 Dilution Volume ( 1 000 ml = 1 g of test sample )  The concentration of the solution may be reduced by a factor of 10 for instruments of higher sensitivity by transferring 10 ml of the solution in 3.2 to a 100 ml polyethylene volumetric flask. Add 10 ml of caesium chloride solution. Add 10 ml of ammonium fluoride solution and dilute to the mark. 

3.4 Preparation of Calibration and Blank Solutions 

3.4.1 Prepare at least six solutions according to 3.2 with a matrix composition as similar as possible to the test portion to be analyzed but without making up to volume. Then add increasing volumes of properly diluted standard solutions (2.1.5 to 2.1.8) of the elements to be determined according to the concentration ranges to be covered. Make up to 100 ml and mix.

3.4.2 Also prepare calibration solutions with a diluted matrix in accordance with 3.3.2 for dilution volumes of 1 000 ml, if necessary. 

3.4.3 Prepare at least two blank solutions ( See 3.4.1 ) without the addition of relevant element to be determined. 

3.5 Adjustment of the Atomic Absorption Spectrometer

Ignite the flame. Optimize the response of the instrument at the wavelength given in Table 1 for the element being determined. Preheat the burner for about 5 minutes and then adjust the fuel and correct the burner to obtain maximum absorption while aspirating a calibration solution. Make sure that the absorbance reading is not drifting. Aspirate water and set the initial reading to zero absorbance.



		TABLE 1 INSTRUMENTAL PARAMETERS AND CHARACTERISTICS OF CALIBRATION FUNTIONS

( Clauses 3.3 and 3.5 )



		Sl No.

		Element 

		Dilution Volume (v) for 1g Test Portion

		Oxidant

		Wave Length

		Reciprocal Sensitivity for 1 Percent Absorbance µg/m 

		Linear Range 



		(1) 

		(2) 

		(3) 

		(4) 

		(5) 

		(6) 

		(7) 



		i) 

		Ca

		100

		N2O

		422.7

		0.03

		0.001 to 0.02



		ii) 

		K

		100

		Air

		769.9

		0.04

		0.000 5 to 0.02



		iii) 

		Mg

		100

		N2O

		285.2

		0.02

		0.000 3 to 0.04



		iv) 

		Na

		100

		Air

		589.3

		0.02

		0.000 5 to 0.02



		NOTES

1. Ca - Sensitivity is greatly dependent on matrix composition.

2. Na - Use the doublet.





3.6 Atomic Absorbance Measurements 

3.6.1 Aspirate first the blank solution and then the calibration and test solutions consecutively and record the readings. Aspirate water between each solution. Make at least two measurements for each solution. Solids which build up on the burner slit must be removed, otherwise it will cause a decrease of sensitivity. 

3.6.2 Prepare a calibration curve by plotting the obtained absorbance values of the calibration solutions corrected for the blank against the concentration, in mg per litre, of the element. 

3.6.3 Convert the absorbance values of the test solutions corrected for the blank of mg of the element per litre by means of the calibration curve. 

4 TEST RESULTS 

4.1 Calculation 

The element content, expressed as a percentage by mass, is given by the formula:

Element content = 

where,

C = concentration, in mg per litre, of the element in the test solution; 

V = dilution volume, in ml; and 

m = mass, in g, of the test portion. 

4.2 Permissible Tolerances 

The deviations between three independent determinations shall not exceed 0.000 5 percent (absolute value) at the lower limit of determination. It shall not exceed 0.002 percent at the 0.02 percent level. 

4.3 Final Result 

Report the arithmetical mean of acceptable determinations rounded to 0.001 percent. If the element content is below 0.001 percent or greater than 0.02 percent, report the result as less than 0.001 percent or greater than 0.02 percent, respectively.
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FOREWORD 

This Indian Standard ( First Revision ) is to be adopted by the Bureau of Indian Standards, after the draft finalized by the Powder Metallurgical Materials and Products Sectional Committee has been approved by the Metallurgical Engineering Division Council.

This standard was first published in 1988. This revision has been brought out to bring the standard in the latest style and format of the Indian Standards. 

This standard is one of a series of Indian Standard on Chemical analysis of hardmetals by flame atomic absorption spectrometric methods in this series are;

		

		Percent Range of Each Element ( m/m )



		Part 1 General Requirement

		-



		Part 2 Determination of calcium potassium, magnesium and sodium

		0.001 - 0.02



		Part 4 Determination of molybdenum, titanium and vanadium

		0.01 – 0.5



		Part 5 Determination of cobalt, iron manganese, molybdenum, nickel, titanium and vanadium

		0.5 - 2



		Part 6 Determination of chromium 

		0.01 - 2



		NOTE - The method for determination of chromium also permits determination of iron, nickel and manganese within the range of 0.01 to 2 percent





In the preparation of this standard, assistance has been derived from ISO 7627-3 : 1983 ‘Part 3: Determination of cobalt, iron, manganese and nickel in contents from 0.01 to 0.5 % (m/m)’

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’. The number of significant places retained in the rounded off value should be same as that of the specified value in this standard.






Indian Standard

CHEMICAL ANALYSIS OF HARDMETALS BY FLAME ATOMIC ABSORPTION SPECTROMETRY 

PART 3 - DETERMINATION OF COBALT IRON MANGANESE AND NICKEL IN CONTENTS FROM 0.01 TO 0.5 PERCENT (min)

( First Revision of  IS 12473 Part - 3 )

1 SCOPE 

1.1 This standard ( Part 3 ) specifies the method to be used for the determination of cobalt, iron, manganese and nickel contents in hardmetals within the range 0.01 to 0.5 percent ( m/m) by flame atomic absorption spectrometry. 

1.2 General requirements concerning the field of application, principle, interfering elements, apparatus, sampling and test report are given in Part 1 of this standard. 

2 REAGENTS

During the analysis, use only reagents of analytical grade, and distilled water or water of equivalent purity. 

2.1 Hydrofluoric Acid   = 1.12g/ml.

2.2 Concentrated Nitric Acid (  = 1.42 g/ml ) 

2.3 Ammonium Fluoride ( 0.1 g/ml solution ) 

2.4 Caesium Chloride ( 0.01 g/ml solution ) 

2.5 Standard Cobalt Solution ( 1 ml = 1 mg of Co )

Weigh ( to the nearest 0.000 1 g )  1 g of pure cobalt metal and dissolve in minimum quantity of dilute nitric acid (1:1). Add 40 ml of dilute sulphuric acid (1 : 1). Heat to white fumes. Dilute to 1 litre and mix. 

Alternatively, dissolve 4.769 8 g of cobalt sulphate (CoSO4.7H2O ) in water and dilute to 1 litre. 

2.6 Standard Iron solution ( 1 ml = 1 mg of Fe+2 ) 

Dissolve 7.021 5 g of ammonium ferrous sulphate in 200 ml of water containing 10 ml concentrated sulphuric acid. Dilute to 1 litre and mix. 

2.7 Standard Manganese Solution  ( 1 ml = 1 mg of Mn )  

Dissolve ( to the nearest 0.000 1 g )  1 g of electrolytic manganese nickel ( 99.9 percent, min ) in 50 ml of dilute nitric acid (1 : 1). Cool and transfer to 1 litre volumetric flask, dilute with water up to the mark and mix. 

2.8 Standard Nickel Solution ( 1 ml = 1 mg of Ni )  

Dissolve ( to the nearest 0.000 1 g )  1 g of nickel ( 99.9 percent, Min ) in 100 ml of dilute nitric acid ( 1 : 1 ) and heat slowly; cool and transfer to 1 litre volumetric flask, dilute with water up to the mark and mix. 

3 PROCEDURE 

3.1 Test Portion 

Weigh ( to the nearest 0.001 g ) approximately 1 g of the test sample. Transfer it to a 100 ml polytetrafluoroethylene beaker. Cover the beaker. 

3.2 Dissolution of the Test Portion 

Add 10 ml of water, 5 ml of hydrofluoric acid and then 5 ml of concentrated nitric acid, drop by drop, to the beaker containing the test portion, and heat gently until the test portion is completely dissolved, Add 10 ml each of caesium chloride and ammonium fluoride solution. Then transfer the solution to a 100 ml polyethylene volumetric flask and dilute to the mark. 

3.3 Dilution Volume 

Prepare the relevant dilution volume for the analysis according to Table 1. 

3.3.1 Dilution Volume ( 100 ml = 1 g of Test Sample)  Use the solution in 3.2

3.3.2 Dilution Volume ( 1 000 ml = 1 g of Test Sample )  The concentration of the solution may be reduced by a factor of 10 for instruments of higher sensitivity by transferring 10 ml of the solution in 3.2 to 100 ml polyethylene volumetric flask. Add 10 ml of caesium chloride solution. Add 10 ml of ammonium fluoride solution and dilute to the mark. 

3.4 Preparation of Calibration and Blank Solutions 

3.4.1 Prepare at least six solutions according to 3.2 with a matrix composition as similar as possible to the test portion to be analysed, but without making up to volume. Then add increasing volumes of properly diluted standard solutions ( 2.5 to 2.8 ) of the elements to be determined according to the concentration ranges to be covered. Make up to 100 ml and mix. 

3.4.2 Also prepare calibration solution with a diluted matrix in accordance with 3.3.2 for dilution volumes of 1 000 ml, if necessary. 

3.4.3 Prepare two blank solutions ( see 3.4.1) without the addition of the relevant element to be determined. 

3.5 Adjustment of the Atomic Absorption Spectrometer 

Ignite the flame. Optimize the response of the instrument at the wavelength given in Table 1 for the element being determined. Preheat the burner for about 5 min and then adjust the fuel and correct the burner to obtain maximum absorption while aspirating a calibration solution, make sure that the absorbance reading is not drifting. Aspirate water and set the initial reading to zero absorbance.

		TABLE 1 INSTRUMENTAL PARAMETERS AND CHARACTERISTICS OF CALIBRATION FUNCTIONS

(Clauses 3.3 and 3.5)



		Sl No. 

		Element

		Dilution Volume (V) for 1 g Test Portion

		Oxidant

		Wavelength

		Reciprocal Sensitivity for 1 percent absorption (µg/ml)

		Linear Range

		NOTE



		i) 

		Co 

		100

		N2O

		240.7

		0.7

		0.007 to 0.5

		1



		ii) 

		Fe

		100

		N2O

		248.3

		0.3

		0.003 to 0.05

		



		

		

		1 000

		N2O

		248.3

		0.3

		0.03 to 2.0

		



		iii) 

		Mn

		100

		N2O

		279.8

		0.1

		0.001 to 0.03

		2



		

		

		1 000

		N2O

		279.8

		0.1

		0.01 to 2.0

		2



		iv) 

		Ni

		100

		N2O

		232.0

		0.3

		0.003 to 0.05

		3



		

		

		1 000

		N2O

		232.0

		0.3

		0.05 to 5.0

		3



		NOTES

1. Co - When broad spectral band pass is used, a single – element hollow cathode lamp is mandatory.

2. Mn - Use triplet.

3. Ni - Sensitivity is greatly dependent on matrix composition. Use of a narrow spectral band pass and a single element hollow cathode lamp is mandatory.





3.6 Atomic Absorbance Measurements 

3.6.1 Aspirate first the blank solution and then the calibration and test solutions consecutively and record the readings. Aspirate water between each solution. Make at least two measurements for each solution. Solids which build up on the burner slit must be removed, otherwise they will cause a decrease of sensitivity.

3.6.2 Prepare a calibration curve by plotting the obtained absorbance values of the calibration solutions corrected for the blank against the concentrations, in mg per litre, of the element.

3.6.3 Convert the absorbance values of the test solutions corrected for the blank to mg of the element per litre by means of the celebration curve.

4 TEST RESULTS 

4.1 Calculation 

The element content, expressed as a percentage by mass, is given by the formula:

Element content = 

where,

C = concentration, in mg per litre, of the element in the test solution; 

V = dilution volume, in ml; and 

m = mass, in g, of the test portion. 

4.2 Permissible Tolerance 

The deviation between three independent determinations shall not exceed 0.2 times the element content in percent ( absolute value )

4.3 Final Result 

Report the arithmetical mean of acceptable determination rounded to the nearest value as shown in Table 2. 

		TABLE 2 ROUNDING OFF OF RESULTS

( Clause 4.3 )



		Sl No.

		Content

		Round to the nearest percent



		i) 

		From 0.01 to 0.1

		0.01



		ii) 

		Over 0.1 to 0.5

		0.05







NOTE ― If the element content is below 0.01 percent, report it as less than 0.01 percent.
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FOREWORD

This Indian Standard ( First Revision ) is to be adopted by the Bureau of Indian Standards, after the draft finalized by the Powder Metallurgical Materials and Products Sectional Committee has been approved by the Metallurgical Engineering Division Council. 

This standard was first published in 1988. This revision has been brought out to bring the standard in the latest style and format of the Indian Standards. 

This standard is one of a series of Indian Standard on Chemical analysis of hardmetals by flame atomic absorption spectrometric methods in this series are;

		

		Percent Range of Each Element ( m/m )



		Part 1 General Requirement

		-



		Part 2 Determination of calcium potassium, magnesium and sodium

		0.001 - 0.02



		Part 3 Determination of cobalt iron, manganese and nickel

		0.01 – 0.5



		Part 5 Determination of cobalt, iron manganese, molybdenum, nickel, titanium and vanadium

		0.5 - 2



		Part 6 Determination of chromium 

		0.01 - 2



		NOTE - The method for determination of chromium also permits determination of iron, nickel and manganese within the range of 0.01 to 2 percent





In the preparation of this standard, assistance has been derived from ISO 7627/4 - 1983 ‘Hardmetals — Chemical analysis by flame atomic absorption spectrometry — Part 4: Determination of molybdenum, titanium and vanadium in contents from 0,01 to 0,5 % (m/m)

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’. The number of significant places retained in the rounded off value should be same as that of the specified value in this standard.


1 SCOPE 

1.1 The standard (part 4) specifics the method to be used for determination of molybdenum, titanium and vanadium content in hardmetals within the range 0.01 to 0.5 percent (m/m) by flame atomic absorption spectrometry.

1.2 General requirement concerning the field of application, principle, interfering elements apparatus, sampling and test report are given in part-1 of this standard.

2 REAGENTS

During analysis, only reagent of analytical grade and distilled water or water of equivalent purity shall be used.

2.1 Hydrofluoric Acid (  = 1.12 g/ml ) 

2.2 Concentrated nitric acid (  = 1.42 g/ml )

2.3 Ammonium Fluoride (  = 0.1 g/ml )

2.4 Caesium Chlorid (  = 0.01 g/ml )

2.5 Standard Molybdenum Solution (1 ml = 1 mg of Mo)

Weight ( to the nearest 0.000 1 g ) 1.500 3 g of molybdenum trioxide previous dried at 110°C and cooled in a desiccator and dissolve in few ml of dilute sodium hydroxide solution and dilute with water . Add 10 ml of dilute hydrochloride acid ( 1: 1 ), When dissolution is complete, transfer to 1 litre volumetric flask, dilute with water up to the mark and mix.

2.6 Standard Titanium Solution (1 ml = 1 mg of Ti) 

Fuse ( to the nearest 0.000 1 g ) 0.166 8 g of titanium dioxide in a covered platinum or silica crucible with 3 g of potassium pyrosulphate (potassium disulphate K2S2O7) Cool the melt and dissolve in 50 ml hot dilute sulphuric acid ( 1: 1). Cool and transfer to 1 litre volumetric flask and make up the volume with dilute sulphuric acid ( 1 : 1 ) and mix.

2.7 Standard Vanadium Solution (1 ml = 1 mg of V) 

Dissolve ( to the nearest 0.000 1 g ) l g of vanadium (purity 99.9 percent) in 20 ml of aqua-regia ( 3 vol of HCL and 1 vol. of HNO3 ). Evaporate nearly to dryness and add 10 ml of hydrochloric acid. Cool and transfer to 1 litre volumetric flask and make up the volume and mix.

3 PROCEDURE

3.1 Test Portion 

Weigh to the nearest 0.001 g, approximately 1 g of the test sample. Transfer it to a 100 ml tetra fluoroethylene beaker. Cover the beaker.

3.2 Dissolution of the test portion 

Add 10 ml of water, 5 ml of hydrofluoric acid and then 5 ml of concentrated nitric acid drop by drop, to the beaker containing the test portion and heat gently until the test portion is completely dissolved. Add 10 ml of caesium chloride solution and 10 ml of ammonium fluoride solution. Then, transfer the solution to a 100 ml polyethylene volumetric flask and dilute to the mark and mix.

3.3 Dilution Volume 

Prepare the relevant dilution volume for the analysis according to Table 1 as follow’s.

3.3.1 Dilution Volume (100 ml = 1 g of test sample)  Use the solution in 3.2.

3.3.2 Dilution Volume (1 000 ml = 1 g of test sample)  The concentration of the solution may be reduced by a factor of 10 for instruments of higher sensitivity by transferring 10 ml of the solution in 3.2 to a 100 ml polyethylene volumetric flask. Add 10 ml of caesium chloride solution, 10 ml of ammonium fluoride solution and dilute to the mark.

3.4 Preparation of Calibration and Blank Solutions 

3.4.1 Prepare at least six solutions according to 3.2 with a matrix composition as similar as possible to the test portion to be analysed, but without making up to volume. Then, add increasing volumes of properly diluted standard solutions (2.5 to 2.7) of the elements to be determined according to the concentration ranges to be covered. Make up to 100 ml and mix.

3.4.2 Also prepare calibration solutions with a diluted matrix in accordance with 3.3.2 for dilution volumes of 1 000 ml, if necessary,

3.4.3 prepare two blank solutions (see 3.4.1) without the addition of the relevant element to be determined.

3.5 Adjustment of the Atomic Absorption Spectrometer 

3.5.1 Ignite the flame. Optimize the response of the instrument at the wavelength given for the element being determined (see Table 1).

3.5.2 Preheat the burner for about 5 minutes and then adjust the fuel and correct the burner to obtain maximum absorption while aspirating a calibration solution. Make sure that the absorbance reading is not drifting. Aspirate water and set the initial reading to zero absorbance.

3.6 Atomic Absorbance Measurements

3.6.1 Aspirate first the blank solution and then the calibration and test solutions consecutively and record the readings. Aspirate water between each solution. Make at least two measurements for each solution. Solids which build up on the burner slit, must be removed, otherwise they will cause a decrease of sensitivity.

3.6.2 Prepare a calibration curve by plotting the obtained absorbance values of the calibration solutions corrected for the blank against the concentration, in mg per litre, of the element.

		TABLE 1 INSTRUMENTAL PARAMETER AND CHARACTERTICS OF CALIBRATION FUNCTION

(Clauses 3.3 and 3.5.1)



		Sl No.

		Element

		Dilution Volume (V) for 1 g Test Portion

		Oxidant

		Wave length

		Reciprocal Sensitivity for 1 percent  absorption µg/ml

		Linear Ranges Percent



		(1) 

		(2) 

		(3) 

		(4) 

		(5) 

		(6) 

		(7) 



		i) 

		Mo

		100

		N2O

		313.3

		0.3

		0.003 – 0.1



		ii) 

		

		100

		

		313.3

		6

		0.06 – 10.0



		iii) 

		Ti

		100

		

		364.3

		1.0

		0.03 – 0.5



		iv) 

		V

		100

		

		318.4

		0.8

		0.08 – 0.5



		NOTES 

1. Mo & Ti - Use a fuel rich flame 

2. [bookmark: _GoBack]Mo - Adjust the burner head at right angles to the light beam or dilute the solutions approximately

3. V - Use the triplet





3.6.3 Convert the absorbance values of the test solution corrected for the blank to mg of the element per litre by means of means of the calibration curve.

4 TEST RESULTS

4.1 Calculation 

The element content, expressed as a percentage by mass, is given by the formula:

Element content = 

where,

C = concentration, in mg per litre, of the element in the test solution; 

V = dilution volume, in ml; and 

m = mass, in g, of the test portion. 

4.2 Permissible Tolerances 

The deviations between three independent determinations shall not exceed 0.000 5 percent (absolute value) at the lower limit of determination. It shall not exceed 0.002 percent at the 0.02 percent level. 

4.3 Final Result

Report the arithmetical means of acceptable determinations rounded to the nearest value as shown in Table 2.

4.3.1 If the element content is below 0.01 percent, report it as less than 0.01 percent.

		TABLE 2 ROUNDING OFF RESULTS

(Clause 4.3)



		Sl No.

		Content percent

		Round to the nearest percent



		(1) 

		(2) 

		(3) 



		i) 

		From 0.01 to 0.1

		0.01



		ii) 

		Over 0.1 to 0.5

		0.05
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FOREWORD

This Indian Standard ( First Revision ) is to be adopted by the Bureau of Indian Standards, after the draft finalized by the Powder Metallurgical Materials and Products Sectional Committee has been approved by the Metallurgical Engineering Division Council. 

This standard was first published in 1988. This revision has been brought out to bring the standard in the latest style and format of the Indian Standards. 

This standard is one of a series of Indian Standard on Chemical analysis of hardmetals by flame atomic absorption spectrometric methods in this series are;

		

		Percent Range of Each Element ( m/m )



		Part 1 General Requirement

		-



		Part 2 Determination of calcium potassium, magnesium and sodium

		0.001 - 0.02



		Part 3 Determination of cobalt iron, manganese and nickel

		0.01 – 0.5



		Part 4 Determination of molybdenum, titanium and vanadium

		0.01 – 0.5



		Part 6 Determination of chromium 

		0.01 - 2



		NOTE - The method for determination of chromium also permits determination of iron, nickel and manganese within the range of 0.01 to 2 percent





In the preparation of this standard, assistance has been derived from ISO 7627/5 - 1983 ‘Hardmetals - Chemical analysis by flame atomic absorption spectrometry - Part 5 determination of cobalt, iron, manganese, molybdenum, nickel, titanium and vanadium in contents from 0.5 to 2 percent (m/m)’

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’. The number of significant places retained in the rounded off value should be same as that of the specified value in this standard.




Indian Standard

Chemical analysis of hardmetals by flame atomic absorption spectrometry 

Part 5 determination of cobalt, iron, manganese, molybdenum, nickel, titanium and vanadium in contents from 0.5 to 2 percent (M/m)

( First Revision )

1 SCOPE

1.1 This standard ( Part 5 ) specifies the method to be used for the determination of cobalt, iron, mangamolybdenum, nickel, titanium and vanadium contents in hardmetals within the range 0.5 to 2 percent ( m/m ) by flame atomic absorption spectrometry.

1.2 General requirements concerning the field of application, principle, interfering elements, apparatus, sampling and test report are given in Part 1 of this Indian Standard IS 12473.

NOTE  Determination of element contents in high concentration by the atomic absorption spectrometry method yields a wider scattering of results than are obtainable by other methods.

2 REAGENTS

During analysis, only reagent of analytical grade and distilled water or water of equivalent purity shall be used.

2. 1 Hydrofluoric Acid (  = 1.12 g/ml ) 

2. 2 Concentrated nitric acid (  = 1.42 g/ml )

2. 3 Ammonium Fluoride(  = 0.1 g/ml )

2. 4 Caesium Chlorid (  = 0.01 g/ml )

2. 5 Standard Cobalt Solution (1 ml = 1 mg of Co) 

Weigh ( to the nearest 0.000 1 g )  1 g of pure cobalt metal and dissolve in minimum quantity of dilute nitric acid (1 : 1). Add 40 ml of dilute sulphuric acid (1 : 1). Heat to white fumes, cool and transfer to 1 litre volumetric flask and make up the volume and mix. 

Alternatively, dissolve 4.769 8 g of cobalt sulphate (CoSO4.7H2O) in water and transfer to 1 litre volumetric flask and make up the volume and mix. 

2. 6 Standard Iron Solution (1 ml = 1 mg of Fe2+) 

Dissolve ( to the nearest 0.000 1 g )  7.021 5 g of ammonium ferrous sulphate in 200 ml of water containing 10 ml of concentrated sulphuric acid. Dilute to 1 litre and mix. 

2. 7 Standard Manganese Solution (1 ml = 1 mg of Mn) 

Dissolve ( to the nearest 0.000 1 g )  1 g of electrolytic manganese ( 99.9 percent, Min ) in 50 ml of dilute nitric acid ( 1 : 1 ). Cool and transfer to 1 litre volumetric flask, dilute with water up to the mark and mix. 

2.8 Standard Molybdenum Solution ( 1 ml = 1mg of Mo) 

Weigh 1.500 3 g of the molybdenum trioxide ( Mood ) previously dried at 110°C and cooled in a desiccator and dissolve in few ml of dilute sodium oxide solution, and dilute with water. Add 10 ml of dilute hydrochloric acid ( 1 : 1 ). When dissolution is complete, transfer to 1 litre volumetric flask, dilute with water up to the mark and mix. 

2. 9 Standard Nickel Solution ( 1 ml = 1 mg of Ni ) 

Dissolve 1.000 0 g of nickel ( 99.9 percent, Min ) in 100 ml of dilute nitric acid ( 1 : 1 ) and heat slowly Cool and transfer to 1 litre volumetric flask, dilute with water up to the mark and mix. 

2.10 Standard Titanium Solution (1 ml = 1 mg of Ti)

Fuse 0.166 8 g of titanium dioxide ( TiO2) in a covered platinum of silica crucible with 3 g of potassium pyrosulphate ( potassium disulphate, K2S2O7 ). Cool the melt and dissolve in 50 ml hot dilute sulphuric acid ( 1 : 1 ). Cool and transfer to 100 ml volumetric flask and make up the volume with dilute sulphuric acid (1 : 1 ) and mix. 

2.11 Standard Vanadium Solution (1 ml = 1 mg of V ) 

Dissolve 1.000 0 g of vanadium ( purity 99.9 percent, Min ) in 20 ml of aquaregia ( 3 vol of HCI and 1 vol of HNO3). Evaporate nearly to dryness and add 10 ml of hydrochloric acid. Cool and transfer to 1 litre volumetric flask and make up the volume and mix. 

3 PROCEDURE 

3.1 Test Portion 

Weigh to the nearest 0.001 g, approximately 1 g of the test sample. Transfer it to a 100 ml polytetra fluoroethylene beaker. Cover the beaker. 

3.2 Dissolution of the Test Portion 

Add 10 ml of water, 5 ml of hydrofluoric acid, and then 5 ml of concentrated nitric acid, drop by drop, to the beaker containing the test portion and heat gently until the test portion is completely dissolved. Add 10 ml each of caesium chloride and ammonium fluoride solution. Then transfer the solution to a 100 ml polyethylene volumetric flask and dilute to the mark and mix. 

3.3 Dilution Volume 

Prepare the relevant dilution volume for the analysis according to Table 1 as follow’s

		TABLE 1 INSTRUMENTAL PARAMETER AND CHARACTERTICS OF CALIBRATION FUNCTION

(Clauses 3.3 and 3.5.1)



		Sl No.

		Element

		Dilution Volume (V) for 1 g Test Portion

		Oxidant 

		Wave length 

		Reciprocal Sensitivity for 1 percent  absorption µg/ml

		Linear Ranges Percent

		Notes



		(1) 

		(2) 

		(3) 

		(4) 

		(5) 

		(6) 

		(7) 

		(8) 



		

		Co

		100

		N2O

		352.7

		20

		0.1 to 15

		



		

		Fe

		1000

		N2O

		248.3

		0.3

		0.03 to 2.0 

		



		

		Mn

		1000

		N2O

		279.8

		0.1

		0.01 to 2.0 

		1



		

		Mo

		100

		N2O

		313.3

		6

		0.06 to 10.0 

		2



		

		Ni

		1000

		N2O

		232.0

		0.3

		0.05 to 5.0 

		3 and 4



		

		Ti

		100

		N2O

		364.3

		30

		0.2 to 10

		2



		

		V

		1000

		N2O

		318.4

		1.0

		0.1 to 5.0

		1



		NOTES 

1. Fe & V - Use the triplet

2. Mn & Mo - Use a fuel rich flame, Adjust the burner head at right angles to the light beam or dilute the solutions approximately

3. Ni - Sensitivity is greatly depending on matrix composition.

4. use of a narrow-spectral hand pass and single element hollow-cathode lamp in mandatory.





3.3.1 Dilution Volume ( 100 ml = 1 g of test sample )  Use the solution in 3.2. 

3.3.2 Dilution Volume ( 1 000 ml = 1 g of test sample ) 

The concentration of the solution may be reduced by a factor of 10 for instruments of higher sensitivity by transferring 10 ml of the solution in 3.2 to a 100 ml polyethylene volumetric flask. Add 10 ml of caesium chloride solution. Add 10 ml of ammonium fluoride solution and dilute to the mark. 

3.4 Preparation of Calibration and Blank Solutions 

3.4.1 Prepare at least six solutions according to 3.2 with a matrix composition as similar as possible to the test portion to be analysed, but without making up to volume. Then add increasing volumes of properly diluted standard solutions ( 2.1.5 to 2.1.11 ) of the elements to be determined according to the concentration ranges to be covered. Make up to 100 ml and mix. 

3.4.2 Also prepare calibration solutions with a diluted matrix in accordance with 3.3.2 for dilution volumes of 1 000 ml, if necessary. 

3.4.3 Prepare two blank solutions ( see 3.4.1 ) without the addition of the relevant element to be determined. 

3.5 Adjustment of the Atomic Absorption Spectrometer 

Ignite the flame. Optimize the response of the instrument at the wavelength given in Table 1 for the clement being determined. Preheat the burner for about 5 minutes and then adjust the fuel and correct the burner to obtain maximum absorption while aspirating a calibration solution. Make sure that the absorbance reading is not drifting. Aspirate water and, set the initial reading to zero absorbance. 

3.6 Atomic Absorbance Measurements 

3.6.1 Aspirate first the blank solution and then the calibration and test solutions consecutively and record the readings, Aspirate water between each solution. Make at least two measurements for each solution. Solids which build up on the burner slit must be removed, otherwise they will cause a decrease OF SENSITIVITY

3.6.2 Prepare a calibration curve by plotting the obtained absorbance values of the calibration solutions corrected for blank against the concentration, in mg per litre, of the element. 

3.6.3 Convert the absorbance values of the test solutions corrected for the blank to mg of the element per litre by means of the calibration curve. 

4 TEST RESULTS 

4.1 Calculation 

The element content, expressed as a percentage by mass, is given by the formula:



where,

C = concentration, in mg per litre, of the element in the test solution; 

V = dilution volume, in ml; and 

m = mass, in g, of the test portion. 

4.2 Permissible Tolerances 

The deviations between three independent determinations shall not exceed 0.1 times the element content in percent (absolute value). 

4.3 Final Result

Report the arithmetical means of acceptable determinations rounded to the nearest value as shown in Table 2.

4.3.1 If the element content is below 0.01 percent, report it as less than 0.01 percent.

		TABLE 2 ROUNDING OFF RESULTS

(Clause 4.3)



		Sl No.

		Content percent

		Round to the nearest percent



		(1) 

		(2) 

		(3) 



		i) 

		From 0.01 to 0.1

		0.02



		ii) 

		Over 0.1 to 0.5

		0.05





4.3.1 If the element content is below 0.5 percent, use the relevant part of this standard, and if the element is greater than 2 percent, report it as greater than 2 percent.
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FOREWORD

This Indian Standard ( First Revision ) is to be adopted by the Bureau of Indian Standards, after the draft finalized by the Powder Metallurgical Materials and Products Sectional Committee has been approved by the Metallurgical Engineering Division Council. 

This standard was first published in 1988. This revision has been brought out to bring the standard in the latest style and format of the Indian Standards. 

This standard is one of a series of Indian Standard on Chemical analysis of hardmetals by flame atomic absorption spectrometric methods in this series are;

		

		Percent Range of Each Element ( m/m )



		Part 1 General Requirement

		-



		Part 2 Determination of calcium potassium, magnesium and sodium

		0.001 - 0.02



		Part 3 Determination of cobalt iron, manganese and nickel

		0.01 – 0.5



		Part 4 Determination of molybdenum, titanium and vanadium

		0.01 – 0.5



		Part 5 Determination of cobalt, iron manganese, molybdenum, nickel, titanium and vanadium

		0.5 - 2



		NOTE - The method for determination of chromium also permits determination of iron, nickel and manganese within the range of 0.01 to 2 percent







In the preparation of this standard, assistance has been derived from ISO 7627-6 : 1983 ‘Hardmetals — Chemical analysis by flame atomic absorption spectrometry — Part 6: Determination of chromium in contents from 0,01 to 2 % (m/m)’.

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’. The number of significant places retained in the rounded off value should be same as that of the specified value in this standard.




Indian Standard

CHEMICAL ANALYSIS OF HARDMETALS BY FLAME ATOMIC ABSORPTION SPECTROMETRY 

Part 6 determination of chromium in contents from 0.01 to 2 percent (M/m) 

( First Revision of  IS 12473 Part - 3 )

1 SCOPE 

1.1 This standard ( Part 6 ) specifies the method to be used for the determination of chromium content in hardmetals within the range 0.01 to 2 percent ( m/m ) by flame atomic absorption spectrometry. 

1.2 General requirements concerning the field of application, principle, interfering elements, apparatus, sampling and test report are given in Part 1 of this Indian Standard IS 12473. 

2 REAGENTS 

During analysis, only reagents of analytical grade and distilled water or water of equivalent purity shall be used.

2.1 Potassium Pyrosulphate

2.2 Perchloric Acid (  = 1.54 or 1.67 g/ml ). 

2.3 Ammonium Citrate Solution 

Dissolve 100 g of citric acid in 1 500 ml of water and add 400 ml of ammonia solution (  = 0.91 g/ml ). 

2.4 Hydrogen Peroxide  30 percent ( m/m ), 

2.5 Standard Chromium Solution ( 1 ml =  1 mg of Cr ) 

Weigh 2.828 9 g of potassium dichromate previously dried at 110°C and cooled in a desiccator and dissolve in water and transfer to 1 litre volumetric flask, dilute with water up to the mark and mix.

3 PROCEDURE 

3.1 Test Portion 

Weigh to the nearest 0.001 g, the relevant amount of the test sample indicated in Table 1. Transfer it to a 100 ml conical flask (preferably of quartz). 

NOTE - In this special case, the sample shall pass through a 180 µm sieve. 

3.2 Dissolution of the Test Portion 

Add 5 g of potassium pyrosulphate and a few drops of perchloric acid to the beaker containing the test portion and heat gently until the test portion is completely dissolved. Add 40 ml of ammonium citrate solution and about 0.5 ml of hydrogen peroxide. Then transfer the solution to a 100 ml polyethylene volumetric flask and dilute to the mark and mix.

3.3 Dilution Volume 

Prepare the relevant dilution volume for the analysis according to Table 1 as follows. 

3.3.1 Dilution Volume ( 100 ml = 1 g of Test Sample )  Use the solution in 3.2. 

3.3.2 Dilution Volume (500 ml = 1 g of Test Sample) 

Transfer 20 ml of the solution in 3.2 to a 100 ml polyethylene volumetric flask and dilute to the mark. 

3.4 Preparation of Calibration and Blank Solutions 

3.4.1 Prepare at least six solutions according to 3.2 with a matrix composition as similar as possible to the test portion to be analysed but without making up to volume. Then add increasing volumes of properly diluted standard solution of chromium (2.1.5) according to the concentration range to be covered. Make up to 100 ml and mix. 

3.4.2 Also prepare calibration solutions with a diluted matrix in accordance with 3.3.2 for dilution volumes of 500 ml, if necessary.

3.4.3 Prepare a blank solution ( see 3.4.1 ) without the addition of chromium. 

3.5 Adjustment of the Atomic Absorption Spectrometer 

Ignite the flame. Optimize the response of the instrument at the wavelength given in Table 1. Preheat the burner for about 5 min and then adjust the fuel and correct the burner to obtain maximum absorption while aspirating a calibration solution. Make sure that the absorbance reading is not drifting. Aspirate water and set the initial reading to zero absorbance.

		TABLE 1 INSTRUMENTAL PARAMETER AND CHARACTERTICS OF CALIBRATION FUNCTION

(Clauses 3.3 and 3.5.1)



		Sl No.

		Content

		Test Portion

		Dilution Volume (V) for 1 g Test Portion

		Oxidant 

		Wave length 

		Reciprocal Sensitivity for 1 percent  absorption µg/ml

		Linear Ranges Percent



		(1) 

		(2) 

		(3) 

		(4) 

		(5) 

		(6) 

		(7) 

		(8) 



		i) 

		0.01 to 0.1

		0.500

		100

		N2O

		357.9

		0.11

		0 to 0.12



		ii) 

		0.1 to 0.5

		0.500

		500

		N2O

		357.9

		0.11

		0.1 to 0.5



		iii) 

		0.1 to 0.5

		0.100

		100

		N2O

		357.9

		0.11

		0.1 to 0.5



		iv) 

		0.5 to 2

		0.100

		500

		N2O

		357.9

		0.11

		0.4 to 2





3.6 Atomic Absorbance Measurements 

3.6.1 Aspirate first the blank solution and then the calibration and test solutions consecutively and record. the readings. Aspirate water between each solution. Make at least two measurements for each solution. Solids which build up on the burner slit, must be removed, otherwise they will cause a decrease of sensitivity. 

3.6.2 Prepare a calibration curve by plotting the obtained absorbance values of the calibration solutions corrected for the blank against the concentration, in ml per litre, of chromium. 

3.6.3 Convert the absorbance values of the test solutions corrected for the blank to mg of chromium per litre by means of the calibration curve. 

4 TEST RESULTS

4.1 Calculation 

The element content, expressed as a percentage by mass, is given by the formula:



where,

C = concentration, in mg per litre, of the element in the test solution; 

V = dilution volume, in ml; and 

m = mass, in g, of the test portion. 

4.2 Permissible Tolerances 

The deviations between three independent determinations shall not exceed the value shown in Table 2.

		TABLE 2 PERMISSIBLE TOLERANCES

( Clause 4.2)



		Sl No.

		Content Percent

		Range Percent



		(1) 

		(2) 

		(3) 



		i) 

		From 0.01 to 0.20

		0.012



		ii) 

		Over 0.20 to 2

		0.06 X ( Content )







4.3 Final Result 

Report the arithmetical mean of acceptable determinations rounded to the nearest value as shown in Table 3.

4.3.1 if the chromium content is below 0.01 percent, report it as less than 0.01 percent

		TABLE 3 ROUNDING OFF RSULTS

( Clause 4.3 )



		Sl No.

		Content Percent

		Round to the nearest percent



		(1) 

		(2) 

		(3) 



		i) 

		From 0.01 to 0.20

		0.01



		ii) 

		Over 0.20 to 2

		0.05
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