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BUREAU OF INDIAN STANDARDS

MINUTES OF MEETING


25TH MEETING OF ORES AND FEED STOCK FOR IRON AND STEEL INDUSTRY SECTIONAL COMMITTEE, MTD 13

MEETING DATE:  20th September 2024, (Friday)	

VENUE: Mimaansa (White room), Manak Bhawan, Bureau of Indian Standard, New Delhi, India.

Chairman: Shri Rajan Kumar                                                                                                                     
Member Secretary:  Shri Saaqib Raahi

  
Members Present:

	S.No.
	Organization
	Member
	Member type

	1
	National Mineral Development Corporation, Hyderabad
	Shri Rajan Kumar
	Chairperson

	2
	Agni Steel Private Limited, Erode
	Shri A. Rajasekaran
	Principal Member

	3
	Alex Stewart International India Private Limited, Visakhapatnam
	Shri Debasish Pal
	Principal Member

	4
	Arcelor Mittal and Nippon Steel India Limited, Vishakapatnam
	Dr. Atanu Ranjan Ojha
	Principal Member

	5
	Fomento Resources Private Limited, Panaji
	Shri Uday Ramdas Naik
	Principal Member

	6
	Indian Bureau of Mines, Nagpur
	Shri Santosh Pani
	Alternate Member

	7
	Indian Bureau of Mines, Nagpur
	Shri L.B. Toal
	Principal Member

	8
	Indian Ferro Alloy Producers Association, Mumbai
	Shri Tanmaya Kumar Pattnaik
	Principal Member

	9
	JSW Steel Limited, Mumbai
	Shri Mrittik Roychowdhury
	Principal Member

	10
	Mitra SK Private Limited, Kolkata
	Dr Arijit Goswami
	Alternate Member

	11
	National Mineral Development Corporation, Hyderabad
	Shri Vibhuti Roshan
	Principal Member

	12
	Rashtriya Ispat Nigam Limited, Visakhapatnam
	Shri M K Sharma
	Principal Member

	13
	Rashtriya Ispat Nigam Limited, Visakhapatnam
	Shri M Venkateswara Rao
	Alternate Member

	14
	Steel Authority Of India Limited (SAIL), Research & Development Centre for Iron & Steel, Ranchi
	Shri S. Acharya
	Alternate Member

	15
	Steel Authority of India, Centre for Engineering and Technology, Ranchi
	Shri Brajesh Kumar
	Principal Member

	16
	Tata Steel Limited, Jamshedpur
	Dr. A. K. Mukherjee
	Principal Member

	17
	Tata Steel Long Products Limited, Jamshedpur
	Shri Gyanaranjan Pothal
	Alternate Member

	18
	IN PERSONAL CAPACITY
	Dr Krishna Kant Prasad
	Personal Capacity

	19
	FEDERATION OF INDIAN MINERAL INDUSTRIES, NEW DELHI
	Shri Abhishek
	 Representative















ITEM 0 GENERAL 

0.1 Opening Remarks by the Chairperson
Shri Rajan Kumar, Chairperson, MTD-13 welcomed all the committee members present to the 25th meeting of Ores And Feed Stock For Iron And Steel Industry Sectional Committee, MTD 13. He requested all the committee members to actively participate in all the meetings of the committee. Sir mentioned that the committee should work in a manner that the associated industry get maximum benefits out of it. Sir emphasize to focus more to align Indian standard rather old or new with ISO standards to align our industrial practices with the international practices which will result in the increase of globalization. 
ITEM 1 CONFIRMATION OF MINUTES OF LAST MEETING
1.1 Since, there were no comments received till the last date of receiving the comments on the minutes of the 24th meeting of Ores and Feed Stock for Iron and Steel Industry Sectional Committee, MTD-13 held on 11th August 2023 via WebEx (VC) circulated vide our letter No. MTD-13/A-2.24 dated 19-09-2023 through BIS portal, hence the committee during its meeting confirmed the minutes of its previous (24th) meeting.
ITEM 2 SCOPE AND COMPOSITION OF SECTIONAL COMMITTEE, MTD 13
2.1 The Committee noted the information given in Item 2.1 to 2.3 of the Agenda of the Meeting.
2.2 The Committee noted the information given in Item 2.4 of the Agenda of the meeting and after deliberation requested all the members to participate actively in the committee meetings to avoid any termination of his/her membership. In case of any emergency, if any member unable to attend the committee meeting, member should inform the same to the chairperson. Further the committee requested the members who had not yet submitted the self - declaration (either principal or alternate member) to submit the same to the member secretary at the earliest in the format enclosed below.


[bookmark: _heading=h.30j0zll]                       
The committee further decided that the organization listed below is not participating in the committee meetings consequently and are also not responding to the multiple active participation request, hence decided to send them termination notice and shall be withdrawn from the committee if not responded to the same within 1 month as per the office order No. PNC09/18/2023-PNC-BIS dated 05-09-2023. Afterward the committee decided to withdraw the nominations of Young Professionals/2nd Alternate members of the member organization having more than two representatives.
	Sl No
	Organization Name

	1. 
	M.N. Dastur & Co. Ltd (Kolkata) Wb

	2. 
	National Institute Of Secondary Steel Technology(Nisst), Mandi, Gobindgarh,Kolkata 




As per the request received from the Prof SankaraRaman Sankaranarayanan from NIT Trichi, the committee after deliberation agreed to Co-opt him into the committee and Panel-3.
2.3 The Committee noted the information given in Item 2.6.1 to Item 2.6.2 of the agenda of this meeting with respect to the composition of the previously formulated panels and after deliberation decided to formulate few new panels along with its working group and subsequently modify and disband some of the previously constituted panels the details regarding the scope and the composition of which are as follows:
	Scope of Work of Panels/WG’s:

The scope of the work of the Panel so formulated are as follows: 
1. To do comparative analysis of Indian standards visa-vies ISO standards and give recommendations regarding the adoption of ISO standard in the case of not having any Indian standard for the particular subject, harmonizing of our Indian standard with the ISO standard existing on the same subjects and the revision of Indian standard in case of not feasible to adopt ISO standard or to raise views to revise ISO standard as per Indian standard or as per our current industrial practices/requirement and also propose new subjects to ISO from our existing Indian Standards or New subjects.
2. Review of the existing Indian standard and suggest which standard becomes out dated as per our current industrial practices/requirement and needs revision/withdrawal/archive/reaffirmation.
3. To review the ballots received from ISO and give our comments as per the scope of the panel. Further if required or recommended by the panel formulated mentioned above, the working groups under each panel may be formulated in sync with ISO WG’s which will assist the corresponding panel for its assigned work.



FORMULATION OF NEW PANEL
1) Panel on Terminology:
a) Panel 1: Panel on Terminology of Iron Ore (Lump and processed ore) and DRI.
	Sl. No.
	Organization 

	1. 
	Agni Steel Private Limited, Erode 
	Shri A. Rajasekaran (Convener)

	2. 
	Indian Bureau of Mines, Nagpur

	3. 
	Tata Steel Limited, Jamshedpur

	4. 
	JSW Bellary

	5. 
	Sponge Iron Manufacturers Association, New Delhi

	6. 
	Pellet Manufacturers Association of India, New Delhi

	7. 
	National Mineral Development Corporation, Hyderabad

	8. 
	Steel Authority Of India Limited (SAIL), Research & Development Centre for Iron & Steel, Ranchi

	9. 
	Steel Authority of India, Centre for Engineering and Technology, Ranchi

	10. 
	CSIR - Institute of Minerals and Materials Technology, Bhubaneswar



The committee requested the members of the above organization to share details of head of the organization to be contacted to get the nominations for the panel. Further the committee also requested members that they could also self-nominate themselves for the same.
2) Panels for Lump Iron Ore and Processed Iron Ore (Feedstock for DRI and Blast Furnace):
a) Panel 2: Panel for the sampling of feed stock for blast furnace and DRI ― Lump ore; processed ore (sinter and pellets) and slurries.
	Sl. No
	ORGANIZATION
	MEMBER

	1. 
	Mitra SK Private Limited, Kolkata
	Shri P L Bose (convener)

	2. 
	Arcelor Mittal and Nippon Steel India Limited, Vishakapatnam
	DR A. R. OJHA

	3. 
	National Mineral Development Corporation, Hyderabad
	Shri Vibhuti Roshan

	4. 
	JSW Steel Limited,  Bellary
	Shri Mrittik Roychowdhury

	5. 
	CSIR - National Metallurgical Laboratory, Jamshedpur
	Dr Manoj Kumar Mohanta to provide details of the persons to be nominated/details of the higher authorities to get the nominations in the panel.

	6. 
	Pellet Manufacturers Association of India, New Delhi
	Shri. Depak Bhatnagar to provide details of the persons to be nominated/details of the higher authorities to get the nominations in the panel.

	7. 
	Steel Authority of India, Centre for Engineering and Technology, Ranchi
	Shri Brajesh Kumar

	8. 
	Agni Steel Private Limited, Erode 
	Shri A. Rajasekaran

	9. 
	Tata Steel (Sponge Iron Dvision) Ltd, Joda 
	Shri Gyanarajan Pothal



The committee after deliberation decided to formulate working groups under this panel which are as follows:
WG-1- For reviewing ISO 3084 (Quality Variation) and ISO 3085 (Precision of Sampling) for adoption. Further the committee nominated Dr Vibudhi Roshan as an expert in ISO WG-5 for revision of ISO 3084 and ISO 3085 at ISO level.
	Sl No.
	ORGANIZATION
	MEMBER

	1. 
	National Mineral Development Corporation, Hyderabad
	Dr Vibudhi Roshan (Convener)

	2. 
	Steel Authority Of India Limited (SAIL), Research & Development Centre for Iron & Steel, Ranchi
	Shri S. Acharya to provide details of the persons to be nominated/details of the higher authorities to get the nominations in the panel.

	3. 
	Steel Authority of India, Centre for Engineering and Technology, Ranchi
	Shri Brajesh Kumar to provide details of the persons to be nominated/details of the higher authorities to get the nominations in the panel.

	4. 
	Tata Steel Limited, Jamshedpur
	Dr. A. K. Mukherjee to provide details of the persons to be nominated/details of the higher authorities to get the nominations in the panel.

	5. 
	JSW Steel Limited,  Bellary
	Shri Mrittik Roy Chowdhury to provide details of the persons to be nominated/details of the higher authorities to get the nominations in the panel.

	6. 
	Mitra SK Private Limited, Kolkata
	Shri P L Bose

	7. 
	CSIR - National Metallurgical Laboratory, Jamshedpur
	Dr Manoj Kumar Mohanta to provide details of the persons to be nominated/details of the higher authorities to get the nominations in the panel.



WG-2: The committee after deliberation decided to discuss and formulate WG-2 For revision of ISO 16742: 2014 (Sampling of Slurries) already adopted by India (BIS) as IS 16750: 2018 in the next committee meeting and further nominated Dr. Atanu Ranjan Ojha of M/s Arcelor Mittal and Nippon Steel India Limited, Vishakapatnam as convener for this WG-2 and as an expert for the ballot issued by ISO.
b) Panel 3: Panel for the Physical test methods of feed stock for blast furnace and DRI in the form of Iron oxides i.e. lump ore and processed ore (sinter and pellets). 
	Sl No.
	ORGANIZATION
	MEMBER

	1. 
	JSW Steel Limited,  Bellary
	Shri Mrittik Roychowdhury (Convener)

	2. 
	Agni Steel Private Limited, Erode
	Shri A. Rajasekaran

	3. 
	Indian Bureau of Mines, Nagpur
	Shri Santosh Pani to provide details of the persons to be nominated/details of the higher authorities to get the nominations in the panel.

	4. 
	Arcelor Mittal and Nippon Steel India Limited, Vishakapatnam
	Dr. Atanu Ranjan Ojha

	5. 
	CSIR - National Metallurgical Laboratory, Jamshedpur
	Dr Manoj Kumar Mohanta to provide details of the persons to be nominated/details of the higher authorities to get the nominations in the panel.

	6. 
	Mitra SK Private Limited, Kolkata
	Shri P.L. Bose

	7. 
	Pellet Manufacturers Association of India, New Delhi
	Shri. Deepak Bhatnagar

	8. 
	Alex Stewart International India Private Limited, Visakhapatnam
	Shri Debashish Pal

	9. 
	National Institute of Technology Tiruchirappalli
	Shri SankaraRaman Sankaranarayanan



WG-1 The committee after deliberation decided to modify previously constituted Panel 4 Panel for the revision of IS 14795  “Method for determination of clustering of iron oxide feedstock for direct reduction processes” as working group WG-1 under this panel for the review of IS 14795 “Method for determination of clustering of iron oxide feedstock for direct reduction processes” and IS 11284 “Method Of Rotary Tube Test for Iron Bearing Materials for the Manufacture of Sponge Iron direct Reduced Iron DRI” .
The composition of the WG -1 are as follows:
	Sl No.
	Organization
	Member Name
	Member Email
	Member Phone

	1
	Arcelor Mittal and Nippon Steel India Limited, Vishakapatnam
	Dr. Atanu Ranjan Ojha
	atanu.ojha@amns.in 
	7381007054

	
	
	Shri CH V S ND Hariprasad
	chvsnd.hariprasad@amns.in 
	7381009534

	2
	CSIR - National Metallurgical Laboratory, Jamshedpur
	Dr Manoj Kumar Mohanta
	mohanta@nmlindia.org 
	9431382068

	3
	JSW Steel Limited, Ballary
	Shri Mrittik Roychowdhury
	mrittik.roychowdhury@jsw.in 
	9480694098

	4
	Jindal Stainless Limited, New Delhi
	Shri Ashish Goyal
	ashish.goyal@jindalstainless.com 
	9717444656




	5
	Kudremukh Iron Ore Company Limited, Bengaluru
	Shri P. Palani
	magmp@kioclltd.com 
	9449861685

	
	
	Mr. M. A. Salam
	msmpt@kioclltd.com
	9449871538

	6
	National Mineral Development Corporation, Hyderabad
	Shri Vibhuti Roshan
	vibhutiroshan@nmdc.co.in 
	9490760042

	7
	Pellet Manufacturers Association of India, New Delhi
	Shri. Depak Bhatnagar
	deepas1949@gmail.com 
	9910018504

	
	
	Shri Vijay Dwivedi
	pmaioffice@pmai.co.in 
	 

	8
	Agni Steel Private Limited, Erode
	Shri A. Rajasekaran
	 rajsekra@rediffmail.com 
	

	9
	Tata Steel (Sponge Iron Dvision) Ltd, Joda
	Shri Gyanarajan Pothal
	gpothal@tatasteellp.com 
	9238883282




WG-2 -Further the committee after deliberation decided to modify previously constituted Panel 3 “Panel to review IS 2109 “Methods of sampling , dolomite, limestone and other allied materials (First Revision)” and Formulation of new standard on measurement of angle of repose”  as working group WG-2 under this panel with the title of “Formulation of new standard on angle of repose” ,the composition of this working group as decided by the committee are as follows:

	Sl No.
	Organization
	Member Name
	Member Email

	1. 
	Mitra SK Private Limited, Kolkata
	Shri P.L. Bose (Convener)
	plbose@mitrask.co.in 

	2. 
	CSIR - National Metallurgical Laboratory, Jamshedpur
	Dr Manoj Kumar Mohanta
	mohanta@nmlindia.org 

	3. 
	National Mineral Development Corporation, Hyderabad
	Shri Vibhuti Roshan
	vibhutiroshan@nmdc.co.in 

	4. 
	Agni Steel Private Limited, Erode
	Shri A. Rajasekaran
	 rajsekra@rediffmail.com 

	5. 
	Ex-BHU, Personal Capacity
	Prof  R. C Gupta
	rcgupta.bhu@gmail.com 
rcgupta@iitbhu.ac.in 



c) Panel 4: Panel for the Classification/specification of lump ore and processed ore (sinter and pellets) for blast furnace. 
The committee after deliberation decided to modify previously constituted Panel 2 on “Review of new Draft document on Iron Ore Pellets –Specification” into panel 4 the scope of which covers both the Classification/specification of lump ore and processed ore (sinter and pellets) for blast furnace the details of which are as follows:
	Sl.
No.
	Organization
	Member Name
	Member Email
	Member Phone

	1. 
	National Mineral Development Corporation, Hyderabad
	Shri Rajan Kumar (Convener)
	rajankr@nmdc.co.in 
	9490760017

	
	
	Shri Vibhuti Roshan
	vibhutiroshan@nmdc.co.in 
	9490760042

	2. 
	CSIR – National Metallurgical Laboratory, Jamshedpur
	Dr Manoj Kumar Mohanta
	mohanta@nmlindia.org 
	9431382068

	3. 
	Essar Steel India Limited, Mumbai
	Shri Srinivasa Satya Prasad Koduri
	satyaprasad.koduri@essar.com 
	9885188011

	4. 
	JSW Steel Limited, Bellary
	Shri Mrittik Roychowdhury
	pramodkumar.chittor@jsw.in 
	9480693875

	5. 
	Jindal Steel and Power Limited, Raigarh
	Shri Chakkirala N. V. V Prasad
	chakkirala.prasad@jindalsteelodisha.com 
	 

	6. 
	Kudremukh Iron Ore Company Limited, Bengaluru
	Shri  P. Palani
	magmp@kioclltd.com 
	9449861685

	
	
	Mr. M. A. Salam
	msmpt@kioclltd.com 
	9449871538

	7. 
	Pellet Manufacturers Association of India, New Delhi
	Shri Deepak Bhatnagar
	deepas1949@gmail.com 
	9910018504

	8. 
	Steel Authority of India, Centre for Engineering and Technology, Ranchi
	Shri Brajesh Kumar
	brajesh.kumar@sail.in 
	8986880534

	
	
	Shri Dilip Kumar Jagani
	dk.jagani@sail.in 
	8986880523



d) Since the panel MTD 13: Panel 6 - Panel for the revision of IS 2109, 2245 & 8562 is dealt by single person and the drafts are to be sent in WC the committee while deliberation decided to disband this panel.
2.3.1 The committee noted the information given on item no 2.6.2 from Sl No 3 to Sl No 5 of the agenda of this meeting with respect to the formulation of the panel as mentioned below and after deliberation decided that these panels will be constituted at a later time, following the completion of the tasks assigned to the other panels.
3. Panels for DRI/HBI/CBI:

Panel 5: Panel for sampling of Direct reduced iron/ Hot briquetted iron(HBI)/ Cold briquette iron (CBI).
Panel 6: Panel for Physical Test Methods for Direct reduced iron/ Hot briquetted iron(HBI)/ Cold briquette iron (CBI) 
“MTD 13 : P4 above may be reviewed and recomposed along with the modified scope as given”.
Panel 7: Panel for the specification of raw materials (lump ore/ pellets) for direct reduction processes.
4. Panels for Raw Materials other than Iron Bearing Materials such as Dolomite, Limestone, Chromite, Wolframite  etc  
Panel 8: Panel for the specification of raw materials other than iron bearing raw materials for use in iron and steel making
Panel 9: Panel for the sampling of raw materials other than sinter and pellets for use in iron and steel making
5. Working Group for Mineralogy 

WG1- Review of IS 11897 “Guidelines for methods to be adopted for identifying the mineralogy of iron oxides; lump ores, sinters and pellets” and IS 12595 “Classification of terminology for exploration of mineral deposits”.
2.4 The committee noted the information given in item no 2.6.3 of the agenda of this meeting with respect to the Working Groups/Study Groups/Ad-hoc Groups in ISO (i.e in ISO TC 102/SC1 and SC3 ) as mentioned below and after deliberation decided as follows:

	
TC/SC
	
SG/WG
	
Title
	
Remarks
	Decision of the committee during this meeting

	
SC1
	
WG3
	Revision of ISO 3082 (Sampling and sample preparation procedures)
	ISO has re-established the working group in 2023 at Tokyo meeting and has decided to start the revision of ISO 3082 particularly wrt comments made by brazil (N 1204, N1213 and presentation by brazil)
India had abstained to the move via ballot received in January 2024 which had established 2 working groups WG 3 for ISO 3082 and WG 5 for revision of ISO 3084. 
It was proposed to nominate at least one expert from the panel 2 constituted as above.
	The committee after deliberation decided to nominate Shri Vibhuti Roshan of M/s National Mineral Development Corporation, Hyderabad and Shri P L Bose of M/s Mitra SK Private Limited, Kolkata as an expert to this working group from Panel-2.

	SC1
	
WG5
	Revision of ISO 3084 (Iron ores — Experimental methods for evaluation of quality variation)
	Ms L Joncew (Brazil) presented a proposal (doc. SC 1 N 1208) for an early revision of ISO 3084 (Iron ores – Experimental methods for evaluation of quality variation) together with a Working Draft for the revision. The delegates present agreed to reestablish WG 5 to conduct the revision with Brazil as the Convenor. Australia, China, Canada, Netherlands, and Sweden agreed to participate in the revision, the target being to complete the revision in 24 months. 
It was proposed to nominate at least one expert from the Panel2: WG-1 constituted as above.
	The committee after deliberation decided to nominate Shri Vibhuti Roshan of M/s National Mineral Development Corporation, Hyderabad as an expert to this working group from WG-1 of Panel 2.

	SC1
	
WG11
	Revision of ISO 16742 ((Iron ores— Sampling of slurries)
	 The delegates present agreed that comments provided by Brazil in 2019 (doc. SC 1 N1182) on ISO 16742 (Iron ores – Sampling of slurries) need to be taken into account during the forthcoming systematic review of the standard in June 2024. Brazil agreed to submit the comments to the SC 1 Committee Manager for circulation to SC 1 committee members. The delegates present agreed to reestablish WG 11 to conduct the revision with Mr R Novaes (Brazil) as the Convenor. Australia, Netherlands and Sweden agreed to participate in the revision.
In view of the same ISO circulated the SR ballot and we are to nominate at least one expert from          Panel 2 : WG-2 constituted as above in the WG 11 and comment whether the standard needs to be revised/withdrawn/confirmed. And India (BIS) has adopted this standard.
	The committee after deliberation decided to nominate Dr. Atanu Ranjan Ojha of M/s Arcelor Mittal and Nippon Steel India Limited, Vishakapatnam as an expert to this working group from WG-2 of Panel 2.

	SC1
	
AHG1

(ISO 3087)
	Experimental study on moisture content  Determination of iron ores ( lumps and processed)
	The Convener of Study Group SG 8 (Experimental testing for iron ore moisture determination), Dr K Engstrom (Sweden), presented the findings of the international testwork program that had been conducted (doc. SC 1 N 1209), which indicated that there was a small but statistically significant positive bias between drying samples with combined water of 8% and above at 105 ± 5°C for 24 hours and drying the same samples at 105 ± 5°C to constant mass using criteria of less than both 0.05% and 0.025% of their initial mass.
Mr S Ishikawa (Japan) presented the results of a Japanese study on an alternative method
for potential future revision of ISO 3087 (doc. SC 1 N 1210) indicating that the moisture content value obtained for samples with combined water content above 8% at a drying temperature of 115°C (not sample temperature but oven temperature) with a 0.05% constant mass criterion is equivalent to the value obtained for drying at 105°C for 24 hours at a sample layer thickness of 10 mm.
The delegates present agreed to establish an Ad Hoc Group (AHG1) to further study the Japanese results on using an oven temperature of 115°C as a reference method with Mr S Ishikawa (Japan) as the Convenor. Australia, China, Netherlands and Brazil agreed to participate in the work on ores containing more than 8% combined water following the test conditions in ISO/TC 102/SC 1 standards.
In response to same ISO had circulated a ballot on call for experts and voted and agreed to participate in the AHG 1 project. Also, we nominated Shri PL Bose of M/s Mitra SK Private Limited, Kolkata.
	The committee after deliberation decided to nominate Shri Debasish Pal of M/s Alex Stewart International India Private Limited, Visakhapatnam in addition to already nominated Shri P L Bose of M/s Mitra SK Private Limited, Kolkata as an expert to this working group from Panel-3.

	
   SC3
	
SG25
(ISO 8371)
	Effect of the heating rate on decrepitation índex determination
	The new standard of ISO 8371 has been published on decrepitation index in 2024. The delegates present agreed to accept the convener´s report of SG25 - Effect of the heating rate for decrepitation index determination, doc. 3 N 1396.The proposed changes were voted and rejected by the subcommittee members.
The convener offered to re-evaluate the existing data. An interlaboratory trial with the proposed test conditions is necessary to introduce technical changes in the existing standard. 
Mr. de Castilho (Brazil) offered to support the design of experiment to fulfil the requirements for the necessary statistical evaluation.
Mr Nobutoshi Sakahashi (Japan) is confirmed as the SG convener. Members are Australia, Brazil, Canada, China, Germany, Japan and South Africa.
Also the call for experts in April in SG25 was abstained by India(BIS) and no experts were nominated.
The committee may nominate the same.
	The committee after deliberation decided to nominate Shri A. Rajasekaran of M/S Agni Steel Private Limited, Erode as an expert to this study group from Panel-3.

	SC3
	
SG26
	Revision of ISO 3271 (Tumbler Test) to evaluate possible inclusion of new products, such as briquettes and extrudates
	BIS had received ballot in April for call on experts a The delegates present agreed to create SG26 – Revision of ISO 3271 to evaluate possible inclusion of new products, such as briquettes and extrudates.
Mrs Simonny Guachalla (Brazil) is confirmed as the SG convener. Members are Australia, Brazil, Canada, China, Germany, Japan, South Africa and Sweden. A call forexperts shall be conducted by the CM so that members not present may indicate their experts and BIS had nominated 3 experts for the same  in the ballot on call on experts.
1.Name:  Mr Gyanaranjan Pothal
Organization- Tata Steel Sponge Iron Joda
Phone no- 9238883282
Email- gyanaranjan.pothal@tatasteel.com

2. Name: PL Bose
Designation : Executive Director
Organization; Mitra S.K. Private Limited
Shrachi Centre, 5th Floor, 74B AJC Bose Road, 
Kolkata 700016, West Bengal, India.
Email: plbose@mitrask.co.in
Mob: +(91)9007002750

3. Name : Dr Vibhuti Roshan
DGM(M.P), NMDC Ltd
Email : vibhutiroshan@nmdc.co.in
Mobile no: +91-9490760042”


	The committee requested the nominated members that in case of receiving any mails from the ISO share the same to the BIS. So that the same could be updated in the Global directory of ISO.

	SC3
	
SG28
	Investigation of mass measurement methods in reducibility tests

	The delegates present agreed to create SG 28 – Investigation of mass measurement during reduction. The convener is to prepare and conduct a survey on the performance of mass measurement in the reducibility tests. Dr Liming Lu (Australia) is confirmed as the SG convener. Members are Australia,Brazil, Canada, China, Germany, South Africa and Sweden. A call for experts shall be conducted by the CM so that members not present may indicate their experts. 
The ISO may soon issue a ballot asking for experts. Committee may nominate some experts from Panel 3 in a proactive approach.
The following ISO standards are involved in mass measurement:
· ISO4695 Determination of the reducibility by the rate of reduction index
· ISO7215 Determination of the reducibility by the final degree of reduction index
· ISO7992 Determination of reduction under load
· ISO11258 Determination of the reducibility index, final degree of reduction and degree of metallization
	The committee after deliberation decided to nominate Shri A. Rajasekaran of M/S Agni Steel Private Limited, Erode	and Shri Mrittik Roychowdhury  of M/s JSW Steel Limited, Bellary	as an expert to this study group from Panel-3.




2.5 The committee noted the information given in item no 2.6.4 of the agenda of this meeting with respect to already nominated experts in ISO TC WG/SG/AHG and after deliberation post facto approved the nominations of expert to ISO. 
	 The details of which are as follows:
	Sl No.
	Ballot type
	ISO Ballot reference
	Title
	Question Asked
	Vote casted and comments approved by the committee

	1.
	ISO/TC 102/SC 1
CIB 
(Date over )
	TC102_SC1_AHG1_PP and WS_N1225
	TC 102/SC 1/AHG 1_Call for experts
In accordance with the resolution 7 of the Tokyo meeting below, the convener created a project plan and work schedule for AHG 1 (N 1225). SC 1 members are invited to actively participate in the project. If you wish to participate, please nominate an expert(s) and provide their email address.
	Do you wish to participate actively in the AHG 1 project?
	We agreed to participate in the AHG 1 project. Also we nominate Shri PL Bose of M/s Mitra SK Private Limited, Kolkata having mobile no : +91 9007002750 and Email ID: plbose@mitrask.co.in as an expert to participate in this project.



	2.
	ISO TC102 / SC3
CIB 
	ISO TC102 / SC3 / SG26
	- ISO TC102 / SC3 / SG26 – Call for experts – SG26 – Revision of ISO 3271 Iron ores for blast furnace and direct reduction feedstocks – Determination of the tumble –nd abrasion indices to evaluate possible inclusion of new products.
	
	“Yes, and  We are nominating 3 experts and their details are enclosed below:
1. Name:  Mr Gyanaranjan Pothal
Organization- Tata Steel Sponge Iron Joda
Phone no- 9238883282
Email- gyanaranjan.pothal@tatasteel.com

2. Name: PL Bose
Designation : Executive Director
Organization; Mitra S.K. Private Limited
Shrachi Centre, 5th Floor, 74B AJC Bose Road, 
Kolkata 700016, West Bengal, India.
Email: plbose@mitrask.co.in
Mob: +(91)9007002750
3. Name : Dr Vibhuti Roshan
DGM(M.P), NMDC Ltd
Email : vibhutiroshan@nmdc.co.in
Mobile no: +91-9490760042”

	3.
	ISO/TC 102/SC 1
SR
	ISO 4701:2019 (Ed 5)
	Iron ores and direct reduced iron — Determination of size distribution by sieving
	

	“Confirm and nominated expert from Panel-3.
Name :   Mr. P.L. Bose 
Organization :  Mitra SK Private Limited, Kolkata 
Email :   plbose@mitrask.co.in
Mobile :   9007002750
Designation :   Director”
 



2.5 The committee noted the information given in Item no 2.6.5 of the agenda of this meeting with respect to the ISO ballots received and after deliberation decided as follows:-

	Sl No.
	Ballot type and ISO Ballot reference
	Question Asked
	Decision of the committee 

	1
	SR
ISO/TC 102/SC 1; ISO 3085:2019 (Ed 5)
Iron ores — Experimental methods for checking the precision of sampling, sample preparation and measurement

	
	No.
	Questions
	Possible Ansers

	1
	Recommended action
	Withdraw  *
Revise/Amend  *
Confirm
Abstain due to lack of consensus
Abstain due to lack of national expert input

	2
	Has this document been adopted or is it intended to be adopted in the future as a national standard or other publication?
	Yes  *
No  *

	3
	Is the national publication identical to the document or was it modified?
	Identical
Modified  *

	4
	If this document has not been nationally adopted, is it applied or used in your country without national adoption or are products/processes/services used in your country based on this document?
	Yes  *
No

	5
	Is this document, or its national adoption, referenced in regulations in your country?
	Yes  *
No

	6
	If the committee decides to revise or amend, do you propose an expert and/or project leader for the development of that project?
	Yes (name(s) and proposed role(s): expert or project leader)  *
No

	(*) A Comment is required for this answer value.



	The committee noted the information given in Item no 2.6.5 Sl.no 1 of the agenda of this meeting and after deliberation decided to cast the vote as “confirm” to the SR ballot received .The committee further decided to nominate Dr Vibhuti Roshan of M/s NMDC Ltd from Panel 2 WG-1 as an expert to ISO WG-5. Subsequently committee also decided that members of Panel 2 WG-1 could further nominate more expert to ISO WG-5.

	2.
	SR
ISO/TC 102/SC 1
WG 11; 
ISO 16742:2014 (vers 2)
Iron ores — Sampling of slurries

	----Do----
	As this ISO standard is already adopted as Indian standard, hence the committee after deliberation decided to cast the vote as “confirm” to this SR ballot received .The committee further decided to nominate Dr. Atanu Ranjan Ojha of M/s Arcelor Mittal and Nippon Steel India Limited, Vishakapatnam as an expert to this working group WG 11 of ISO in case ISO decides to revise this ISO standard.





ITEM 3 ACTION TAKEN REPORT
3.1 The committee noted the information given in Item no 3 of the agenda of this meeting with respect to action taken report and after deliberation decided as follows:

	Sl. No.
	Subject
	Decision of the committee in its previous meetings /Action taken
	Decisions taken by the committee in its previous meeting
	Decision of the committee during this meeting

	1) 
	Revision of IS 8562:1977 Methods of sampling chrome ore.
	The committee in its 19th meeting held on 6 January 2017 requested Shri P.L.Bose of M/s Mitra.S.K.Pvt.Ltd. and Dr. A. K. Mukherjee of M/s Tata Steel Limited to prepare the document for the revision of the standard keeping in view the comments of the 18th Meeting agenda and requested them to submit their recommendation by 15th April 2017.

The Committee again in 20th meeting held on 14th Mar 2019 had prepared a panel with M/s TATA steel ltd. – (Convenor), M/s FACOR Alloys, M/s Indian Metals and Ferro Alloys (IMFA), M/s Mitra S K Pvt Ltd and requested to submit their recommendations within 3 months.
In the 21st meeting, decided to continue with existing panel, which will submit their recommendation within one month.

The Panel Meeting is held on 15-03-2022. The panel Finalized their suggestions and proposed for revisions including the finalized changes. Based on the changes proposed, a draft document has been prepared by BIS and shared to conveynor vide email dated 4th April 2022 for his views/suggestions.
The Draft prepared by BIS is as follows:


The decision of the conveyner is still awaited.

In 22nd TC Meeting, The committee decided to circulate the document as P-draft among the members for one month for their views/comments.

In 23rd TC Meeting, The committee decided to send the document for wide Circulation for their views/ comments for one month. If no comments were received, it can be sent for printing.

Action Taken:

The Draft was prepared by BIS based on the comments received from Shri P.L. Bose of M/s Mitra S.K. Pvt. Ltd.  is Placed below:



Accordingly, a panel meeting was held on 12/07/2023 and resolve the doubts related to IS 8562. Further, changes are included and mentioned in the foreword.  

	The committee after detailed deliberation decided to circulate the document as Wide Circulation for views/ comments. If no comments were received within one month, it can be sent for printing.

Action taken:

It is to inform to the committee that as per the decision of the committee in its previous meeting the WC draft was prepared along with certain comments and remarks raised in the revised draft enclosed below by the member secretary and was shared with   Shri P.L.Bose of M/s Mitra.S.K. Pvt. Ltd to discuss and address the same vide email dated 5-09-2024. However reply is awaited.



	The committee noted the information given in Item 3.1 Sl No 1 of the agenda of this meeting after deliberation requested Shri P.L.Bose of M/s Mitra.S.K. Pvt. Ltd to address the comments raised by the member secretary and give inputs/justification/submit the final draft to the BIS. Further the committee decided that the finalized draft submitted will be sent for wide circulation for a period of one month with the permission of the chairperson. 


	2) 
	Revision of IS 2109:1982 Method of sampling of dolomite.
	The committee in its 19th meeting held on 6 January 2017 requested Dr.A.K.Mukherjee of M/s Tata Steel Limitedand Shri P.L.Bose of M/s Mitra.S.K.Pvt.Ltd. to prepare the document for the revision of the standard and submit the same by 15th April 2017. 

The Committee again in 20th meeting held on 14th Mar 2019 requsted meber secretary to refer the subject to Light Metals and alloys Sectional Committee, MTD 7.

In 21st meeting, The Committee after deliberation decided to keep the Standard in MTD 13 TC and further decided that again request Shri P.L.Bose of M/s Mitra.S.K.Pvt. Ltd. and Dr.A.K.Mukherjee of M/s Tata Steel Limited to submit their recommendation on the subject within 2 months.

The committee decided that, a word file of IS 2109 will be provided by BIS to Shri P.L.Bose of M/s Mitra S.K.Pvt.Ltd. and Dr. A.K.Mukherjee of M/s Tata Steel Ltd. 
Further, committee requested the panel to submit their views/recommendations in the Draft provided within 2 months.

In 23rd Meeting, The committee decided to send the document for wide Circulation for their views/ comments for one month. If no comments were received, it can be sent for printing.

Action taken :-

The Draft prepared by BIS based on the comments received from Shri P.L.Bose of M/s Mitra S.K. Pvt..  Ltd.  is Placed below:




Accordingly, panel meetings were held on 12-07-2023 and 20-07-2023 to resolve the doubts related to IS 2109.

The draft finalized by panel is placed below:





	The committee after detailed deliberation and decided to circulate the document as Wide Circulation for views/ comments. If no comments were received within one month, it can be sent for printing.

Action taken:

It is to inform to the committee that as per the decision of the committee in its previous meeting, the draft was sent for WC on 18 Oct. However certain comments and remarks were raised in the revised draft enclosed below by the member secretary and was shared with   Shri P.L.Bose of M/s Mitra.S.K. Pvt. Ltd to discuss and address the same vide email dated 5-09-2024. However reply is awaited.




	The committee noted the information given in Item 3.1 Sl No 2 of the agenda of this meeting andafter deliberation requested Shri P.L.Bose of M/s Mitra.S.K. Pvt. Ltd to address the comments raised by the member secretary and give inputs/justification/submit the final draft to the BIS. Further the committee decided that the finalized draft submitted will be sent again for WC for a period of one month with the permission of the chairperson.

	3) 
	Revision of IS 2245:1962 Methods of sampling of Quartz/Quartzite.
	The committee in its 19th meeting held on 6 January 2017 requested Shri P.L.Bose of M/s Mitra. S.K.Pvt.Ltd. and Dr. A. K. Mukherjee of M/s Tata Steel Limited to prepare the document for the revision of the standard keeping in view the comments of the 18th Meeting agenda and requested them to submit their recommendation by 15th April 2017.


The Committee again in 20th meeting held on 14th Mar 2019 had prepared a panel with M/s Mitra S K Pvt Ltd. – (Convenor), M/s Tata steel, M/s NMDC & M/s IBM and requested to submit their recommendations within 3 months.

In 21st meeting, The Committee after deliberation decided to prepare a draft based on the comments received by Shri P.L.Bose of M/s Mitra.S.K.Pvt.Ltd. Further it is decided that member secretary is requested to submit the word file to Shri P.L. Bose and request to submit the draft within 2 months.


In 22nd TC Meeting, The committee decided to incorporate the comments received and circulate among the members for their views/comments for one month.

In 23rd TC Meeting, The committee decided for little change in the title of IS 2245 as Method of sampling of quartzite to Method of sampling of quartz/quartzite and The committee decided to send the document for wide Circulation for their views/ comments for one month. If no comments were received, it can be sent for printing.

Action taken:-

The Draft prepared by BIS based on the comments received from Shri P.L.Bose of M/s Mitra S.K. Pvt. Ltd. and Dr. A. K. Mukherjee of M/s Tata Steel Limited is Placed below:


Accordingly, a panel meeting held on12-07-2023 to resolve the doubts related to IS 2245. 
Panel after detail deliberation and requested to member secretary to check the sizes mentioned in Fig. 2. IS Sieve 320, 160, 80 and 15 should be check respective sizes to be in co-operated into the standard. 
    


	The committee after detailed deliberation requested PL Bose to give the IS Sieve Size in Fig 2 Stages in reducing in gross sample and further requested the MS to incorporate the same in the standard and circulate the document as Wide Circulation for views/ comments. If no comments were received within one month, it can be sent for printing.

Action taken:

It is to inform to the committee that certain comments and remarks were raised in the revised draft enclosed below by the member secretary and was shared with   Shri P.L.Bose of M/s Mitra.S.K. Pvt. Ltd to discuss and address the same vide email dated 5-09-2024. Further he was requested to modify IS sieve size data in Fig 2 as per the new IS 460 parts. However the reply is awaited.





	The committee noted the information given in Item 3.1 Sl No 3 of the agenda of this meeting and after deliberation requested Shri P.L.Bose of M/s Mitra.S.K. Pvt. Ltd to address the comments raised by the member secretary and give inputs/justification/submit the final draft to the BIS. Further the committee decided that the finalized draft submitted will be sent for wide circulation for a period of one month with the permission of the chairperson.

	4) 
	Revision of IS 12595:1989 Classification of terminology for exploration of mineral deposits.
	The committee in the 19th meeting held on 06 January 2017 at New Delhi advised following Panel to submit their recommendation for revision of the standard by 30th April 2017.

1.Shri Vibhuti Roshan of M/s NMDC-Convener
2.M/s Indian Bureau of Mines
3.M/s Geological Survey of India
4.M/s Federation of Indian Mineral Industries
5. M/s Tata Steel Limited
6. M/s Mineral Exploration Corporation Limited.
7.M/s M.N. Dustur and Co. ltd.
8.M/s NML, Jamshedpur.

The Committee again in 20th meeting, decided to again request the existing panel to submit their recommendation within 3 Months.

In 21st meeting, The Committee decided to include M/s M.N. Dustur and Co. ltd. into the panel. Further decided that to again request the existing panel to submit their recommendation and Draft within 3 Months. 

In 22nd TC Meeting, The committee after detailed deliberation requested the panel to submit their views/recommendations within 2 months. 

In the 23rd TC meeting, the committee requested member secretary to prepare the draft and share with the panel for their views /comments and the panel meeting should be conducted within 2 months.

Action taken:-

Working Draft has been circulated among the panel member on 16 March 2023 and also send the remainder on 31 July 2023 vide email. However, recommendation is still awaited.




	The committee after detail deliberation decided to include the Dr Manoj Kumar Mohanta of NML Jamshedpur in the panel and hold the panel meeting and finalize the draft within 2 months.

Further, once again P-circulate the document among the committee members

Action taken:  

The document is proposed to be dropped at this stage take this standard for review in next AAP (2025-2026).

	The committee noted the information given in Item 3.1 Sl No 4 of the agenda of this meeting and after deliberation decided to drop the revision of the standard as of now and take up this standard for review in next AAP (2025-2026).


	5) 
	Indian Standard on method of determination of angle of repose for Iron ores fines in bulk.
	The committee in its 19th meeting held on 06 January 2017 at New Delhi decided to circulate the document as Preliminary Draft by changing the title of the document to ‘Indian Standard on method of determination of angle of repose of ores in bulk’. 

The Committee again in 20th meeting held on 14th Mar 2019 had prepared a panel with M/s NML –(Convenor), M/s Mitra S K Pvt Ltd, M/s NMDC and requested to submit their recommendations within 3 months.

The Committee again in 21st meeting decided to continue with the existing panel and requested to submit their recommendation on the final draft within 3 months: 
i) M/s NML – Convenor 
ii) M/s Mitra S K Pvt Ltd. 
iii) M/s NMDC. 
Further, it is decided that the title of the standard has to be “Indian Standard on method of determination of angle of repose for Iron ores fines in bulk”. Also, the Final draft will be circulated among the committee members for their comments. 
In 22nd TC Meeting, the committee after detailed deliberation requested the panel to submit the final Draft document within 3 months.

In 23rd TC meeting, the committee after detailed deliberation, requested the panel to submit the final draft document within 3 months.

Action taken:-

An email was sent on 15 June 2023 to the panel and requesting them to submit the final draft document. However, the recommendations are still awaited.


It is observed by the member secretary that, there is need for requirement of additional data and clarity in the standard before publishing the Indian standard. 

It is to inform that, this new draft standard is a part of SNAP 2022-2027.
	The committee after detail deliberation, requested the panel to submit the R&D proforma for funding the R&D work. The proforma will be reviewed by screening committee and the finalized document can be submitted with 12 months along with supporting data as per the guidelines. 
	The committee noted the information given in Item 3.1 Sl No 5 of the agenda of this meeting and after deliberation decided to formulate WG-2 under panel 3 as mentioned above in Item no 2.3 of this minutes and assign the task to discuss on the formulation of this new standard on method of determination of angle of repose for Iron ores fines in bulk. The committee further informed the panel about the international document (International Maritime Solid Bulk Cargoes Code, 2023) in which this method has been explicitly described. The committee requested Shri Debasish Pal of M/s Alex Stewart International India Pvt LTD, Vishakhapatnam to share the complete procedure/book with BIS secretariat. The committee further requested the WG-2 of Panel 3 to take assistance from this code and modify the already existing draft accordingly and submit the same to BIS within 2 months period of time. The draft so received will be discussed in the next committee meeting. The committee further decided to drop the proposal from R&D as the international document is readily available and well accepted. The R&D project may be later initiated for conducting robin round testing for determining the repeatability and reproducibility of the test method procedure. 
The WG is also requested to provide a brief importance significance of this standard to BIS secretariat.



	6) 
	IRON ORE PELLETS FOR FEEDSTOCK OF BLAST FURNACE ─ SPECIFICATION


	A proposal is received from M/s NMDC on 04 Feb 2020.The Proposal for the draft document is given below :



Member secretary after discussion with Chairman of the committee has decided to prepare a panel with the following organizations and requested them to give their recommendations on the draft within one month: 

1) M/s NMDC (convener) 
2) M/s Pellet Manufacturer's Association of India 
3) M/s KIOCL 
4) M/s Arcelor Mittal Nippon Steel
5) M/s Jindal steel and power ltd. 
6) M/s JSW Steel.
7) M/s NML
8) M/s Essel Mining & Industries Ltd.
9) M/s SAIL-CET

In the 22nd TC Meeting, The committee after detailed deliberation decided to include M/s Essel Mining & Industries Ltd. and M/s SAIL-CET in Panel. Further, the committee requested the panel to submit their views/suggestion before next TC meeting.

In 23rd TC Meeting, the committee after detailed deliberation requested the panel to submit their views/suggestions within two months.

Action taken:

An email was sent to panel on 31 July 2023 requesting them to review the comments and give their views or comments at the time of MTD13 TC meeting or via email. However, reply is still awaited.

A BIS-intern from IIT Kharagpur had also collected data related to Iron ore pellets manufacturing in India.

The Draft Document is attached below:




	Committee after detailed deliberation, decided to make the guideline standard and after few modifications the document can be circulated as the P-circulation among the members.

Action taken:

It is to inform the committee that BIS is already having following standard for iron ore pellets:
IS 11336: 1985 - Guidelines for heat-hardened iron ore pellets for iron making in blast furnaces. 
However we are formulating a new standard on Iron Ore Pellets for feedstock of blast furnace- Specifications. Since we already have a standard on pellets specification it is proposed to drop the formulation of new standard and instead revise the existing standard. Further, the document  was sent for P circulation on 23-08-2022 for a period of 30 days inviting comments till 22-09-2023 stage and we have received comments from Pellet Manufacturers Association of India (PMAI) vide letter dated 20th March 2024. It has been stated that there is a wide variation in the chemical composition as well as mineralogy of Iron Ores in the mines in different states of India. Thus have recommended to not have a mandatory specification which is applicable to whole country. The comments and the P-draft are enclosed below:



In lieu of the above it was proposed to drop the revision and instead formulate a guideline standard and revise the IS 11336.
Further it is to add that the specification will not be mandatory unless notifies by the Govt. And also the standard has also specified the other compositions and moisture content can be as agreed between the contracting parties.
[bookmark: _GoBack]Also the IBM have given the approximate chemical composition of various companies producing pellets in its Iron and Steel Vision-2020. And have also given the acceptable properties of pellets.
Also the china has published GB/T 27692 : 2024 Iron pellets for blast furnace from which assistance can be taken in revision of IS 11336. This document specifies the classification and grade, technical requirements, test methods, inspection rules, packaging, transportation, storage and quality of iron ore pellets for blast furnaces. This document applies to iron pellets for blast furnaces produced from iron concentrate or iron ore fines (referred to as "iron pellets"):This document does not apply to special iron pellets produced from vanadium, titanium, rare earths, chromium, etc

In view of this the committee is requested to allocate the task of studying the current draft of iron ore pellets and GB/T standard   to newly constituted Panel 4. The panel would study the GB/T standard and try to come with recommendation whether we can formulate the revised draft on the similar lines as that of GB/T standard and submit the same to BIS before the next committee meeting. Further the current document number allocated to the standard may be dropped.







	The committee noted the
information given in Item
3.1 Sl No 6 of the agenda
of this meeting and after deliberation requested Panel 4 formulated during this meeting as mentioned above in Item 2.3 of this minutes to review and compare IS 11336: 1985 - Guidelines for heat-hardened iron ore pellets for iron making in blast furnaces along with GB/T 27692 : 2024 Iron pellets for blast furnace  and give their recommendation/revised draft before next committee meeting. The recommendation/revised draft so received will be discussed in the next committee meeting. The committee further requested member secretary to share the GB/T 27692: 2024 standard with the panel members for reviewing the same.

	7) 
	IS 5632  : 1970 Specification for wolframite concentrate
	As a part of Action Research Project, BIS officer Shri Pyla Deshick has reviewed IS 5632 and submitted following observation:




In 23rd TC meeting, The committee after detailed deliberation decided to circulate the document as the P draft for 21 days, if no comments were received the document will be circulated as Wide Circulation.

Action taken:

The document was circulated as Wide Circulation on 30-05-2023 with the approval of chairman. However, no comments were received.




	The committee after detailed deliberation decided to send the draft standard for printing.

Action taken:

It is to inform to the committee that comments were received from RDCIS SAIL regarding the marking clause and the draft incorporating the same is enclosed below.





	The committee after deliberation agreed to the comments received from RDCIS SAIL to include a)Net weigh of each package  b)
Percentage of tungsten oxide (WO3) in the concentrate in the marking clause and further decided to send the revised draft as modified by member secretary by incorporating the comments for printing as the changes are only editorial in nature.

	8) 
	IS 9959 : 1981 Guidelines for iron ore sinters for iron making in blast furnaces
	As a part of Action Research Project, BIS officer Ashish Wakle has reviewed IS 9959 and submitted following observation:


In 23rd TC meeting, The committee after detailed deliberation decided to circulate the document as the P draft for 21 days.

Action taken:

The Draft prepared by BIS is Placed below:



The document is circulated among member as P-draft on 29 May 2023.
	The committee after detailed deliberation decided to circulate the document as Wide Circulation for their views/ comments. If no comments were received within one month, it can be sent for printing.

Action taken:

It is to inform to the committee that as per the decision of the committee in its previous meeting the WC draft is prepared by the member secretary and sent for wide circulation on 23-09-2023 for a period of 30 days inviting comments till 23-10-2023.However no comments were received till the last date for receiving the comments. Hence accordingly as per the decision of the committee the same is sent for printing on 17-11-2023.Further it is also to inform to the committee that the revised IS 9959 : 2024  is published.


	The committee noted the information regarding the gazette of the revised standard.


	9) 
	IS 12668: 1989 
Melting characteristics of sponge iron/direct reduced iron DRI First Revision
	As a part of Action Research Project, Member secretary has reviewed IS 12668 and submitted following observation:



Action taken:

The Draft prepared by BIS is Placed below:



The document is circulated among member as P-draft on 26 May 2023.


	The committee after detailed deliberation requested to re-circulate the document as P- Circulation for their views/ comments. If no comments were received within 21 days, it can be circulate as WC for period of 1 month.

Action taken:

It is to inform to the committee that as per the decision of the committee in its previous meeting the draft was recirculated as P circulation on 22-09-2023 for a period of 21 days inviting comments till 13-10-2023.However no comments were received. Hence it was proposed to send the draft for wide circulation for a period of 1 month.

	As no comments were received on the P circulated draft, the committee after deliberation decided to send the revised draft for wide circulation for a period of 1 month.

	10) 
	IS 11284: 1985
Method Of Rotary Tube Test For Iron Bearing Materials For The Manufacture of Sponge Iron direct Reduced Iron DRI
	As a part of Action Research Project, Member secretary has reviewed IS 11284 and submitted following observation:



Action taken:

The Draft prepared by BIS is Placed below:


The document is circulated among member as P-draft on 26 May 2023.
	The committee after detailed deliberation and requested to re-circulate the document as P- Circulation for their views/ comments. If no comments were received within 21 days, it can be circulate as WC for a period of 1 month.

Action taken:

It is to inform to the committee that as per the decision of the committee in its previous meeting the draft was recirculated as P circulation on 27-09-2023 for a period of 21 days inviting comments till 18-10-2023.However no comments were received.

[bookmark: bookmark=id.1ksv4uv]The standards covers low temperature disintegration index and reducibility determinations. Only editorial changes have been done in the standard. It is proposed to drop the revision of the standard for the reasons listed in Item C-16.1.1 of Annex C of the agenda of this meeting.


	The committee after deliberation decided to drop the revision of the standard as of now since only the editorial changes have been done in the standard and requested newly formulated  working group WG-1 under Panel 3 as mentioned above in Item 2.3 of this minutes to review IS 11284: 1985 vis-à-vis ISO standard ISO 11257:2022 “Iron ores for shaft direct-reduction feedstock’s — Determination of the low-temperature reduction-disintegration index and degree of metallization “ and ISO 11258:2015 “Iron ores for shaft direct-reduction feedstock’s — Determination of the reducibility index, final degree of reduction and degree of metallization” and give recommendations on the adoption of ISO standards/revision of IS 11284: 1985 before next committee meeting. The recommendations so received will be discussed in the next committee meeting.

	11) 
	ISO/DIS 8371: Iron ores for blast furnace feedstocks — Determination of the 
Decrepitation index.
	The committee in its 23rd TC meeting decided to adopt the ISO/DIS 8371.

Action taken:

National foreword is prepared by BIS and is placed below:



National foreword has been sent for Wide Circulation

	The committee noted the information given in Item 2.1 ATR Sl. No 17 of the agenda.

Action taken:
[bookmark: bookmark=id.2jxsxqh]It was being proposed to drop the revision of the standard for the reasons listed in Item C-2.1 of Annex C of the agenda of this meeting.

	The committee, after discussing the request from Dr. Krishnakant Prasad and Shri A. Rajasekaran of M/S Agni Steel Private Limited, Erode, has tasked them with reviewing the following standards:
· IS 10823:2018 – Methods for determining the Thermal Degradation Index (TDI) and Reduction Degradation Index (RDI) of iron ores (lump ores, sinter, and pellets)
· ISO 8371:2024 – Iron ores for blast furnace feedstocks: Determination of the decrepitation index (specific to lump ores for blast furnaces)
· ISO 4696-1:2015 – Determination of low-temperature reduction-disintegration indices (using CO, CO2, H2, and N2) by static method
· ISO 4696-2:2015 – Determination of low-temperature reduction-disintegration indices (using CO and N2) by static method
· ISO 13930:2015 – Determination of low-temperature reduction-disintegration indices by dynamic method
The committee has requested a comparative report on IS versus ISO standards, along with recommendations on whether to adopt or modify the ISO standards, before the next meeting. The committee also requested Dr. Prasad and Mr. Rajasekaran to continue their review and provide recommendations on whether the TDI and RDI procedures in IS 10823 can be harmonized with the ISO standards or if modifications are needed or they are different altogether. Furthermore, they should consult relevant industry stakeholders and laboratories to determine whether IS or ISO procedures are being followed in laboratories and industries
Additionally, after further discussions, the committee acknowledged that the procedure in ISO 8371 for TDI differs from IS 10823 in respect that, the tumbler test after thermal shock, is required in IS 10823, is used to disintegrate weak particles and apart from that the other parameters are almost same along with formula for decrepitating index. Given this, the committee has decided to proceed withhold the publication of the draft till the recommendation from the above members are received.





ITEM 4 LIST OF INDIAN STANDARDS OF MTD-15
4.1. The committee noted the updated list of Indian standards formulated by MTD-13 given in Item 4.1 of the agenda of this meeting. 
ITEM 5 COMMENTS ON PUBLISHED STANDARDS
5.1. The committee noted the information given in Item 5.1 and 5.2 of the agenda of this meeting and after deliberation decided as follows:

	Sl no.
	Indian Standard
	Comments
	Action taken
	Decision of the committee in this meeting

	1.
	IS 11282 : 2000 Laboratory Pot-Grate Sintering Tests For Iron Ore Fines - Guidelines
	Comment was received from Shri S. Acharya of M/s SAIL-RDCIS, Ranchi vide portal dated 10 Oct 2023. Comment is given below:


	Member Secretary of MTD 13 had circulated the comments among the committee member. 
	It is not properly mentioned what is to be replaced with the existing standard in the comment so received. Hence the committee after deliberation requested RDCIS to give proper inputs which needs to be replaced with the existing content in the standard. The committee further deliberated that the inputs so received from RDCIS will discussed in the next committee meeting.
For more details please refer to the Item no 6.2 Sl no 1 of this minutes.

	2.
	IS 8604: 1977 Determination Of Compression Strength Of Iron Ore Pellets After Reduction - Method (First Revision)
	Comment was received from Shri S. Acharya of M/s SAIL-RDCIS, Ranch vide portal dated 09 Oct 2023. Comment is given below:


	Member Secretary of MTD 13 had circulated the comments among the committee member.
	The committee after deliberation requested Panel 3 so formulated as mentioned above in Item no 2.3 of this minutes to address the comment so received from RDCIS SAIL to replace the 10 kN with 5kN and give final suggestions/recommendation.
For more details please refer to the Item no 6.2 Sl no 3 of this minutes.

	3.
	IS 5632: 1970 Specification For Wolframite Concentrate (First Revision)
	Comment was received from Shri S. Acharya of M/s SAIL-RDCIS, Ranch vide portal dated 09 Oct 2023. Comment is given below:


	Member Secretary of MTD 13 had circulated the comments among the committee member.
	The committee after deliberation agreed to the comments received from RDCIS SAIL to include a)Net weigh of each package  b)Percentage of tungsten oxide (WO3) in the concentrate in the marking clause.
For more details please refer to the Item no 3.1 Sl no 7 of this minutes.




ITEM 6 REVIEW OF INDIAN STANDARDS
6.1. The committee noted the information given in Item 6.1 and 6.2 of the agenda of this meeting and after detailed deliberations on Item 6.2 with respect to the standards which is due for review this FY year (i.e 2024-2025) as mentioned below decided to reaffirm these standards as of now and take up for review at later stage and further decided to send IS 9663 to ISO for formulation of new standard. (Also refer to Item 7.3 of the minutes of this meeting)


	SL. No.
	IS Number
	IS Title
	Last Reaffirmation Year
	Due Date

	1
	IS 9963 : 1981 
Reviewed In : 2020
	Determination of shatter index of iron ore lumps, sinters and pellets
	2020
	March, 2025

	2
	IS 16182 : 2014
Reviewed In : 2020
	Magnetics in char from coal based sponge iron (DRI) - Methods of determination
	2020
	March, 2025



6.2 The committee noted the information given in Item 6.3 of the agenda of this meeting with respect to the ARPs Submitted by BIS officers/members and deliberation decided as follows:


	Sl. No.
	Indian Standard
	ARP report
	Decision of the committee in its previous meeting / Action Taken
	Decision of the committee during this meeting

	1. 
	IS 11282 : 2000 Guidelines for laboratory Pot - Grate sintering tests for iron ore fines (First Revision)
	As a part of Action Research Project, Member secretary of MTD 13 has reviewed IS 11282 and submitted following observation:



Action Taken:

The document is circulated among member on 26 July 2023.

	The committee after detailed deliberation and decided to circulate the document as Wide Circulation for their views/ comments. If no comments were received within 30 days, it can be sent for printing.
Action taken/Remarks:
The document was sent for wide circulation. However, comments were received from RDCIS SAIL. It was requested to SAIL to give the complete comments that what actual replacement is required in the standard.



	The committee noted the information given in Item 6.3 Sl no 1 of the agenda of this meeting and after deliberation requested RDCIS to give proper inputs what needs to be replaced with the existing content in the draft circulated standard. The decision for sending the revised draft for printing will be taken in the next meeting after discussing the inputs so received from RDCIS.   


	2. 
	IS 11283: 1985 Method for determination of softening point of iron oxides (In Powder Form); lump ore, sinter and pellets.
	As a part of Action Research Project, Member secretary of MTD 13 has reviewed IS 11283 and submitted following observation:



Action Taken:

The document is circulated among member on 27July 2023.


	The committee after detailed deliberation and decided to circulate the document as Wide Circulation for their views/ comments. If no comments were received within 30 days, it can be sent for printing.
Remarks:
[bookmark: bookmark=id.1y810tw]The committee is requested to drop the revision and withdraw the standard on the basis of explanation given in Item C-3 of Annex C of this agenda.



	As the determination of softening point of iron oxide in powdered form is now not relevant and obsolete, also this standard gets merged with IS 9660:2001 and gets superseded. Hence the committee after deliberation decided to drop the revision and withdraw the standard and supersede with IS 9660.


	3. 
	IS 8604: 1977 
Method for determination of compression strength of iron ore pellets after reduction
	As a part of Action Research Project, Member secretary of MTD 13 has reviewed IS 8604 and submitted following observation:


Action Taken:

The document is circulated among member on 04 Aug 2023.

	The committee after detailed deliberation and decided to circulate the document as Wide Circulation for their views/ comments. If no comments were received within 30 days, it can be sent for printing.
Remarks:
[bookmark: bookmark=id.2xcytpi]The document was sent for wide circulation. Comments were received from RDCIS SAIL to replace the 10 kN with 5KN. The committee is requested to drop the revision on the basis of explanation given in Item C-4.1 of Annex C of the agenda of this meeting.


	The committee noted the information given in Item 6.3 Sl no 3 of the agenda of this meeting and after deliberation requested Panel 3 so formulated as mentioned above in Item no 2.3 of this minutes to address the comment so received from RDCIS SAIL to replace the 10 kN with 5kN and give final suggestions/recommendation. The committee further deliberated that the finalize revised draft so formulated will be sent for printing with the permission of the chairperson. Further the committee requested Panel 3 to find, if there is any related Indian standard to ISO 7992:2022 “Iron ores for blast furnace feedstocks — Determination of reduction under load” to do a comparative study between them and submit recommendations/comparative report on the adoption of this ISO standard. 


	4. 
	IS 8625 : 1986 
Determination of crushing strength of iron ore pellets (First Revision)
	As a part of Action Research Project, Member secretary of MTD 13 has reviewed IS 8625.

Action Taken:

The initial review has been conducted by the member secretary, and a working draft has been prepared as follows:



	The committee after detailed deliberation and decided to P-circulate the document once again for their views/ comments. Further, member secretary may take views from Shri Vibuthi roshan of M/s NMDC.
Remarks:
[bookmark: bookmark=id.3whwml4]The committee is requested to drop the revision on the basis of explanation given in Item C-4.1 of Annex C of the agenda.


	The committee noted the information given in Item 6.3 Sl no 4 of the agenda of this meeting and after deliberation decided to drop the revision of the standard as of now and requested Panel 3 so formulated as mentioned above in Item no 2.3 of this minutes to do a comparative study of this standard vis-à-vis ISO 4700 : 2015 “Iron ore pellets for blast furnace and direct reduction feedstocks — Determination of the crushing strength” and submit the comparative report along with final recommendations on the adoption of this ISO standard.

	5. 
	IS 9101 : 1979 Methods of sampling iron ore pellets
	As a part of Action Research Project, Member secretary of MTD 13 has reviewed IS 9101.

Action taken:
The initial review has been conducted by the member secretary, and a working draft has been prepared as follows:



	The committee after detailed deliberation and decided to P-circulate the document once again for their views/ comments.
Remarks:
[bookmark: bookmark=id.2bn6wsx]The committee is requested to drop the revision on the basis of explanation given in Item C-9.2 of Annex C.


	The committee noted the information given in Item 6.3 Sl no 5 of the agenda of this meeting and after deliberation decided to drop the revision of the standard as of now as no change has been done except for bringing it out in latest format of BIS in its P draft so formulated. The committee further decided to assign the task to Panel-2 so formulated as mentioned above in Item no 2.3 of this minutes to review the three IS standards IS 1405, IS 9101, IS 11607 vis-à-vis ISO 3082 and submit their comparative report on between these IS and ISO 3082 and recommendations on ISO adoption/modification






ITEM 7 OTHER DISCUSSION ITEMS

7.1 The committee noted the information given in Item C-3.1of ANNEXURE-C of the agenda of this meeting and after deliberation decided to withdraw and drop the revision of IS 11283 : 1985- “Method for determination of softening point of iron oxides (In Powder Form); lump ore, sinter and pellets” as the determination of softening point of iron oxide in powdered form is now not relevant and obsolete, also this standard gets merged with and superseded by IS 9660:2001. Please refer to Item 6.2 Sl No 2 of this minutes for more details.

7.2 The committee noted the information given in Item C-4.1of ANNEXURE-C of the agenda of this meeting and after deliberation decided to drop the revision of the standard IS 8625: 1986 - Determination of crushing strength of iron ore pellets (First Revision) as of now and take up for review at later stage upon receiving the recommendation from Panel 3 so formulated as mentioned above in Item no 2.3 of this minutes. For more details please refer to Item 6.2 Sl no 4 of this minutes. Further with respect to IS 8604: 1977 Determination of Compression Strength of Iron Ore Pellets After Reduction - Method (First Revision) the committee after deliberation requested Panel 3 so formulated as mentioned above in Item no 2.3 of this minutes to address the comment so received from RDCIS SAIL and give final suggestions/recommendation. The committee further deliberated that the finalize revised draft so formulated will be sent for printing with the permission of the chairperson, please refer to Item 6.2 Sl no 3 of this minutes for more details.

7.3 The committee noted the information given in Item C- 6 of ANNEXURE-C of the agenda of this meeting and after deliberation requested newly formulated Panel-1 {Panel on Terminology of Iron Ore (Lump and processed ore) and DRI} as mentioned above in Item 2.3 of this minutes to study the standard ISO 11323 : 2010 “Iron ore and direct reduced iron — Vocabulary” , JIS M 8700  and GB/T 20565-2022, and submit their report/recommendation to the committee whether to adopt or to modify the ISO standard before the next committee meeting.

7.4 [bookmark: _heading=h.qsh70q]The committee noted the information given in Item C-7.1 and C-8.1 of ANNEXURE-C of the agenda of this meeting and after deliberation requested newly formulated panel Panel-2 as mentioned above in Item 2.3 Sl no 2 of this minutes to review IS 12250 : 1988 “Methods of determining particle size distribution of iron ore fines” vis-à-vis ISO 4701:2019 “Iron ores and direct reduced iron — Determination of size distribution by sieving” and submit the comparative report/recommendation/suggestion on the adoption of this ISO standard. The committee further requested Panel-2, also to review IS 11690 : 1986 “Method of moisture determination of iron ore lot”  vis-à-vis ISO 3087 : 2020 “Iron ores — Determination of the moisture content of a lot” and submit the comparative report/recommendation/suggestion on the adoption of this ISO standard harmonizing it with the Indian standard.
7.2 The committee noted the information given in Item C-9 of ANNEXURE-C of the agenda of this meeting and after deliberation requested  newly formulated working group WG-1 under Panel-2 as mentioned above in Item 2.3 Sl no 2 of this minutes to review IS 13344: 1992 – “Methods for checking the bias of sampling of ores” along with IS 15944 : 2011/ISO 3086 : 2006  “Iron ores - Experimental methods for checking the bias of sampling” and give suggestion/recommendations on the withdrawal of IS IS 13344: 1992 as the assistant has already been derived from ISO 3086 :2006 during the formulation of this standard.
7.3 The committee noted the information given in Item C-11.1 of ANNEXURE-C of the agenda of this meeting and after deliberation decided to propose the formulation of standard at ISO on “Determination of shatter index of iron ore lumps, sinters, and pellets” as that of our indigenous Indian standard IS 9963: 1981 and nominated members from the committee listed below as an expert to ISO for the same. The committee further requested the nominated members to fill the form 4 enclosed below regarding its significance, users etc and send it to BIS for submitting it to ISO.



	Sl No.
	Organization 
	Member

	1. 
	Mitra SK Private Limited, Kolkata
	Shri P.L. Bose(project leader)

	2. 
	National Mineral Development Corporation, Hyderabad
	Shri Vibhuti Roshan (Convener)

	3. 
	Tata Steel Limited, Jamshedpur
	Dr. A. K. Mukherjee 

	4. 
	Arcelor Mittal and Nippon Steel India Limited, Vishakapatnam
	Dr. Atanu Ranjan Ojha


 
7.4 The committee noted the information given in Item C-12 of ANNEXURE-C of the agenda of this meeting and after deliberation decided to allocated the task to Panel 3 formulated during this meeting the details of which is mentioned above in Item 2.3 Sl no 2 of this minutes for reviewing of IS 8167: 1989 “Method for determination of reducibility index of iron ore oxides: lumps, ore, sinter, and pellets (First Revision)” and IS 11292 : 1985 “Method for determination of relative reducibility of iron oxides: lump ores, sinter and pellets” vis-à-vis ISO 4695:2021 “Iron ores for blast furnace feedstocks — Determination of the reducibility by the rate of reduction index” and ISO 7215:2015 “Iron ores for blast furnace feedstocks — Determination of the reducibility by the final degree of reduction index” respectively and submit the comparative report/recommendation/suggestion on the adoption of these ISO standards harmonizing it with the corresponding Indian standard.
7.5 The committee noted the information given in Item C-16 of Annexure C of the agenda of this meeting on test methods for raw materials for DRI which include IS 11284: 1985 - Rotary tube test for iron bearing materials for the manufacture of sponge iron/direct reduced iron (DRI) and IS 14795 : 2000 Method for determination of clustering of iron oxide feedstock for direct reduction processes and after deliberation decided to allocate the task to WG-1 of Panel 3 (earlier constituted as Panel 4) as  mentioned above at Item no 2.3 of this minutes.
With respect to IS 11284: 1985 since only the editorial changes have been done in the standard hence the committee after deliberation decided to drop the revision of the standard as of now and requested the working group -1 to review IS 11284: 1985 vis-à-vis ISO standard ISO 11257:2022 “Iron ores for shaft direct-reduction feedstock’s — Determination of the low-temperature reduction-disintegration index and degree of metallization “ and ISO 11258:2015 “Iron ores for shaft direct-reduction feedstock’s — Determination of the reducibility index, final degree of reduction and degree of metallization” and submit their comparative report on IS and ISO standards/recommendation on adoption of ISO standards. Please refer to Item No 3.1 Sl No 10 of this minutes for more details.
The committee further accepted the recommendation given by previous panel (earlier constituted as Panel 4) on adoption of ISO 11256 : 2015 “Iron ore pellets for shaft direct-reduction feedstocks — Determination of the clustering index”  and requested member secretary to prepare national foreword for adoption and sent it for Wide circulation for a period of one month. The comments if any received will be taken care by WG-1 of Panel 3.
[bookmark: _heading=h.1pxezwc]7.6 The committee noted the information given in Item C-2, C-5, C-10, C-13, C-14 and C-15 of ANNEXURE-C of the agenda of this meeting and after deliberation decided to discuss it in the next years’s AAP and requested MS to prepare a plan for the same.
7.7 The committee after deliberation decided to conduct the next committee meeting on the last week of January 2025 in Physical mode. The final date and venue will be decided with concurrence of the chairperson and the members of the committee. 
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DECLARATION

By the Member of the Technical Committee of BIS



1.   The Technical Committee is an important mechanism in BIS for formulation and review of the Indian Standards with a well-defined scope of work and norms for the transaction of business thereto in conformity with the good practices enunciated by the ‘Code of Good Practice for the Preparation, Adoption and Application of Standards’ given in the ‘Agreement on Technical Barriers to Trade’ of World Trade Organization.



2.    A member of the Technical Committee is required to attend the meetings of the Technical Committee as per the schedule included in the Annual Calendar of the Technical Committee Meetings as well as the special meetings convened to discuss important issues.



3.    In case a member is not able to attend a meeting, prior intimation of this is necessary to be given to the Member Secretary of the Technical Committee. However, a member cannot abstain from attending two consecutive meetings of the Technical Committee, and must attend at least 50% meetings of the Technical Committee held in a year.



4.    Failure to attend two consecutive meetings of the Technical Committee and at least 50% meetings of the Technical Committee held in a year, shall attract termination of the membership of the Technical Committee, except in extra-ordinary cases to be considered by the Division Council concerned.



5.    A member of the Technical Committee is expected to contribute in discharging the following responsibilities of the Technical Committee:



a) Identification of the new subjects for standardisation.

b) Preparation of the rolling Annual Action Plan and periodic review of the implementation thereof.

c) Review of the implementation of the Standardisation National Action Plan (SNAP) in relation to the scope of work of the Technical Committee.

d) Examination of the Annual Programme for Standardisation, submitted by the Ministries/Departments of the Central Government.

e) Approve the annual calendar of Technical Committee meetings.

f) Discuss and approve the Agenda for Technical Committee Meeting.

g) Formation of Sub-committees, Panels. Working Groups and Task Forces.

h) Assigning Action Research Projects.

i) Identification of R&D projects to be commissioned by BIS and the determination of the Scope and Terms of Reference thereof.

j) Evaluation of R&D proposals received from outside organisations.

k) Examination of New Work Item Proposals (NWIP) and draft standards received from ISO/IEC.

l) Participation in the meetings of the Technical Committee or Working Groups of ISO/IEC, as and when nominated by BIS.

m) Participation if the Workshops /Seminars and Capacity-Building Programmes organized by BIS.



6.    It is mandatory for a newly inducted member of the Technical Committee to attend the on-boarding session organised by BIS.



7.    It is also mandatory for the Member of the Technical Committee to share comments on the Preliminary and Wide Circulation Drafts under development in the Technical Committee.



8.    It is expected for a Member of a Technical Committee to act with impartiality and fairness, free from any undue influence and bias to ensure that the standards established by the Technical Committee address the needs of all the stakeholders equitably.



I, …………..(Name)………………, hereby declare that having been inducted as a member of the Technical Committee,………………………………………, in my individual capacity/as a representative of ………………………….., I have gone through the provisions of this document enunciated above, and place on record my desire and commitment to discharge the responsibilities of the Member of this Technical Committee with utmost sincerity and dedication.





Date:								Signature of the Member

Place:
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FOREWORD

This Indian Standard (First Revision) subject to its finalization is to be adopted by the Bureau of Indian Standards on recommendation of Ores and Feed Stock for Iron and Steel Industry Sectional Committee and approval of Metallurgical Engineering Division Council.

This standard was published in 1985. This revision (First 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 changes have been made: 

a) Reference clause has been added;

b) In clause 9.5, Editorial change has been made.

The increasing importance of the cohesive zone in blast furnace iron making in controlling the quality of hot metal and productivity of blast furnaces has recently become abundantly clear. One of the important characteristics governing geometry of the cohesive zone is the softening characteristics of the iron oxide feed. This standard attempts to propose a standard method for determining the softening characteristics of iron oxides (in powder form); lump ore, sinter and pellets. 

It is to be noted that in this text all the iron oxides are crushed to a fine size in order to make a relative assessment of all three types of oxide feeds. In the case of IS 9660 applicable only to pellets, a feed size of 9 to 16 mm, covering almost the entire range of pellets actually used in blast furnaces, are tested. The two standards are thus complementary. 

This method is based on the method evolved at CRM laboratories, Belgium. 

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




Draft Indian Standard

DETERMINATION OF SOFTENING POINT OF IRON OXIDES (IN POWDER FORM): LUMP ORE, SINTER AND PELLETS ― METHOD

( First Revision of  IS 11283 )

1 SCOPE 

This standard prescribes the method for the determination of softening point of iron oxides (in powder form); lump ore, sinter and pellets.

2 REFERENCE

The following Indian Standards 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 the standards indicated below:

		IS

		Title



		IS 460

		Test sieves — Specifications:



		(Part 1) : 2020 

		Wire cloth test sieve (fourth revision)







3 TERMINOLOGY 

For the purpose of this standard, the following definitions shall apply. 

3.1 Softening Start Temperature — It is a temperature at which 3 percent contraction in the initial bed height occurs instead of continuing the test till the material is fully molten. 

3.2 Softening Finish Temperature — It is a temperature at which 10 percent contraction in the initial bed height occurs instead of continuing the test till the material is fully molten. 

4 PRINCIPLE OF TEST 

For a bed of given height of any solid material when heated, the height of the bed initially increases because of thermal expansion. This behaviour continues with increasing temperature till a point is reached when the solid starts softening. At this temperature, the expansion tendency of the bed is more than compensated by the collapse of the bed because of softening and the bed height starts to decrease. With any further rise in temperature, the bed height continues to decrease till the solid is fully molten after which the bed height remains more or less unaltered. This test involves compacting the crucible inside a tubular furnace preheated to a temperature and the plunger and dial gauge arc mounted on the sample. The temperature is gradually increased and the dial gauge reading is noted at regular intervals. The test is discontinued when the contraction in the initial bed height reaches a level of 10 percent. 

5 NUMBER OF TEST 

The test shall be carried out in duplicate on material in the size range of 1.4 to 2.0 mm. 

6 SAMPLES 

6.1 The softening point test samples may be taken either from the physical test or pre-reduced to the required degree. 

6.2 The total mass of the softening test sample shall be approximately 40 g crushed to a size according to 5.

7 HEATING 

7.1 After placing the sample in the crucible, it is placed in the furnace, preheated to 800 ± 10°C. The temperature is increased at the rate of 4°C/min. The heating is continued until the softening finish temperature is reached according to 3.2 and 4.

7.1.1 In case a pre-reduced sample is taken for the test, then heating shall be done under nitrogen atmosphere to avoid oxidation of the sample on heating. 

8 PRESSURE APPLIED 

A constant pressure of 2 kg/cm2 shall be applied throughout to the sample by a lever arrangement. 

9 APPARATUS 

9.1 The softening test apparatus consist of a test crucible shall be of heat resistant steel with a detachable bottom. The sample is first placed in the crucible and compacted by dropping a fixed weight on it three times. It is ensured that the initial compactness of the bed remains the same in all the tests. The crucible is then suspended inside an electrically heated tubular furnace, preheated to a temperature of 800 ± 10°C and the sample is exposed to a fixed load applied through a plunger rod. The dilatation and contraction in the bed height of the sample is measured by a dial gauge. A typical arrangement of the apparatus is shown in Fig. 1. 

9.2 The crucible shall be made of heat resisting non-scaling steel with a detachable bottom which is pinned to the lower part of the crucible. The crucible is so suspended inside the furnace that the lower part where the sample is kept should lie near the central heating zone of the furnace. A typical illustration of the crucible is shown in Fig. 1. 

9.3 Furnace 

The furnace shall be an electrically heated tubular type. The uniform rise in temperature should be monitored by an external temperature controller and the furnace shall be capable of raising the temperature up to 1 400°C. The accuracy of the temperature controller shall be ± 5°C. 

9.4 Dial Gauge

The dial gauge shall be of 0.10 mm with a least count of 0.01 mm.

9.5 Sieves 

The test sieves used shall be in accordance with size range of l.4 to 2.0 mm wire sieves conforming to IS 460 (Part 1) shall be used. 

10 PROCEDURE 

10.1 Approximately 40 g of sample should be put into the crucible and subsequently compacted by means of dropping three times a 6 kg weight from a height of 65 mm in order to have same initial sample bed height of 30 mm. The plunger rod is then placed on top of the sample. The crucible and the plunger rod assembly is suspended inside an electrically heated tubular furnace preheated to 800 ± 10°C. A load of 2 kg/cm2 is applied to the sample through the plunger rod by means of a lever arrangement. The dial gauge is mounted on the plunger to measure the dilation and contraction of the bed height.

10.2 After keeping the crucible inside the furnace, the temperature is allowed to stabilize at 800 ± l0°C, subsequently the temperature of the furnace is raised at the rate of 4°C/min under a nitrogen atmosphere if a pre-reduced sample is taken for the test. The dial gauge reading is noted at regular intervals with every 40°C rise in temperature. The contraction of the bed occurs after the initial expansion with the movement of the dial gauge needle in the opposite direction. 

[image: ]

Fig. 1 Test Apparatus for the Determination of Softening Point of Iron Ore, Sinter and Pellet

10.3 The test shall be performed until the contraction in the initial bed height reaches a level of 10 percent. 

10.4 The softening finish temperature is taken at 10 percent contraction in the initial bed height because at higher degrees of softening, the difficulties are encountered with sticking of the softened material in the crucible. 

11 EXPRESSION OF RESULTS 

11.1 The following data shall be reported: 

a) The softening start temperature ( TS), 

b) The softening finish temperature ( Tf ), and 

c) The temperature ( T ) at which the contraction of the bed begins. 

11.2 The reading obtained are plotted as dilatation/contraction on the Y-axis against the temperature on the X-axis. The difference of the softening finish temperature and the softening start temperature would indicate the nature of the width of the softening zone. A schematic diagram for such plot is shown in Fig. 2.

[image: ]

A = bend contraction starts;

B = 3 percent contraction from initial bed height;

C = 10 percent contraction from initial bed height;

TS = Softening start temperature; and 

Tt = Softening finish temperature.

FIG. 2 SCHEMATIC DIAGRAM SHOWING THE DILATATION AND CONTRACTION IN INITIAL BED HEIGHT OF THE SAMPLE DURING A SOFTENING TEST
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FOREWORD

This Indian Standard (First Revision) is to be adopted by Bureau of Indian Standards, after the draft finalized by Ores and Feed Stock for Iron and Steel Industry Sectional Committee had been approved by the Metallurgical Engineering Division Council.

[bookmark: _GoBack]The standard was first published in 1977. 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) Scope clause has been modified;

b) References clause has been included;

c) In clause 3, editorial change has been made,

d) In clause 4, apparatus clause has been modified;

e) In clause 4.2, speed of the compressive platen is modified from ‘5 mm/min’ to ‘between 10 mm/min and 20 mm/min’;

f) In clause 4.3, applied load is modified from ‘200 kg’ to ‘atleast 10 kN’;

g) In clause 5, sampling clause has been modified;

h) In clause 6, procedure clause has been modified; 

i) In clause 6, 2 figures to measure crushing strength were indicated; and

j) In clause 8, test report clause has been modified.

In recent years there has been a wide interest in assessing the quality of blast furnace burden during reduction and, as such, the conditions are being laid down to ensure requisite characteristics in the quality of the raw materials. This standard is one of such standards and relates to determination of crushing strength of iron ore pellets after reduction. 

In the formulation of this standard, considerable assistance has been derived from the following publication ISO 4700:2015 - Iron ore pellets for blast furnace and direct reduction feedstocks — Determination of the crushing strength

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


1 SCOPE 

1.1 This standard prescribes the method for measuring the crushing strength of iron ore pellets after reduction.

1.2 The amount of reduction shall be determined as per reducibility test conducted in accordance with IS 8167. 

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 No.

		Title



		IS 8167 : 

		



		IS 9101 :

		





3 SUMMARY OF METHOD 

Individual reduced iron ore pellets are placed in a compressive testing machine and a load is applied at constant speed of compressive platen until the pellet breaks. The maximum pressure applied until the pellet breaks is recorded in kilograms. The crushing strength is calculated as the arithmetic mean of all the measurements obtained.

4 APPARATUS 

4.1 General

The test apparatus shall comprise the following:

a) loading unit;

b) load transmission system;

c) load indicator or recorder; and

d) other lab equipment (oven, tools & PPEs).

4.2 Loading Unit

Loading unit is formed by two compressive flat platens made of steel, installed in mutual parallel planes. The surface of the platens that will be in contact with the sample shall be made of surface hardened steel. A device capable of setting the speed of the compressive platen between 10 mm/min and 20 mm/min over the entire test period shall be used.

NOTE - If the platen speed is not constant during the test cycle, results may differ depending upon the test machine used. More uniform results may be obtained using a test machine that applies a constant load increase.

4.3 Load Transmission System

Load transmission system which shall be either a load cell or a lever. The capacity of the load cell for transmission of the applied load to the indicating unit shall be atleast 10 kN.

4.4 Load Indicator or Recorder

Load indicator or recorder which shall be either an electric indicator (digital read-out device, recording chart, meter with needle rider or other suitable device) for the load-cell type, or a mechanical indicator (gauge equipped with a needle rider or other suitable device) for the lever type. While using a load cell, the chart-recorder pen-response time shall be 1 second or less for a full-scale deflection. The minimum graduation shall be 1/100 of the full scale. The compression device shall be calibrated regularly.

5 Sampling, Sample Preparation and Preparation of Test Portions

5.1 Sampling and Sample Preparation

Sampling of a lot and preparation of a test sample shall be in accordance with IS 9101. The size range for pellets shall be −12.5 mm +10.0 mm. A test sample of at least 1 kg, on a dry basis of sized pellets shall be obtained. Oven-dry the test sample to constant mass at 105 °C ± 5 °C and cool it to room temperature before testing.

NOTE - Constant mass is achieved when the difference in mass between two subsequent measurements becomes less than 0.05 % of the initial mass of the test sample.

5.2 Preparation of Test Portions

One test portion comprising at least 60 pellets, as agreed upon at the time of order, shall be taken from the test sample by random selection.

NOTE - A method of determining the exact number of pellets to obtain a specific precision in the test results is to use the following equation:



where, 

 is the number of pellets; 

 is the standard deviation, derived from several experiments; 

 is the required precision, for 95 % confidence levels

NOTE - The sample of pellets selected for the final compression strength tests after reduction shall be whole pellets (excluding broken and chipped pellets) available from reducibility tests conducted in accordance with IS 8167.

6 PROCEDURE 

6.1 Number of Determinations for the Test 

Carry out the test on 60 or more single pellets (see 5.2). 

6.2 Load Application 

Place a test piece (single pellet) at the approximate centre of the surface-hardened portion of the lower platen. Apply the load at a constant platen speed between 10 mm/min and 20 mm/min throughout the test period. 

The test is complete when 

a) either the load falls to a value of 50 % or more of the maximum load recorded (see Fig. 1);

b) or the platen gap has reduced to 50 % of the initial mean test-piece diameter (see Fig. 2). 

In either case, the crushing strength is the maximum load attained in the test
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FIG. 1 — MEASUREMENT OF CRUSHING STRENGTH AS EXPLAINED IN EXAMPLE 1 IN THE PROCEDURE
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FIG. 2 — MEASUREMENT OF CRUSHING STRENGTH AS EXPLAINED IN EXAMPLE 2 IN THE PROCEDURE





7 EXPRESSION OF RESULT 

The average value of the above maximum load of compression of all the pellets tested shall be reported. Also, the number of pellets tested individual crushing strengths, their size range and the maximum and minimum values of the crushing strength shall be reported.

8 TEST REPORT 

The test report shall include the following information: 

a) a reference to this International Standard, i.e. ISO 4700:2007; 

b) all details necessary for the identification of the sample; 

c) the name and address of the test laboratory; 

d) the date of the test; 

e) the date of the test report; 

f) the signature of the person responsible for the test; 

g) details of any operation and any test conditions not specified in this International Standard or regarded as optional, as well as any incident which may have had an influence on the results;

h) the crushing strength, CS; 

j) the standard deviation of the measurements; 

k) the size distribution of the sample for physical testing and the size range(s) of the pellets; 

l) a table of the relative frequency, in percent, of the measurements, classified at 50 daN intervals; 

m) the number of pellets in each specified size range tested; 

n) the platen speed used, expressed in mm/min.
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STRENGTH OF IRON ORE PELLETS (First Revision)

FOREWORD

This Indian Standard (Second Revision) is to be adopted by bureau of Indian Standard, after the draft finalized by the Ores and feedstock Sectional Committee has been approved by the Metallurgical Engineering Department.

This standard was earlier published in 1977 and subsequently revised in 1986.  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) yutsr

b) 

In assessing the quality of blast furnace burden and, as such, the conditions are being laid down to ensure requisite characteristics in the quality of the raw materials. This standard is one of such standards and relates to determination of crushing strength of indurated iron ore pellets.

In the formulation of this standard, considerable assistance has been derived from the following publication 

a) J IS-M 8718: 1973 Method for measuring the crushing strength of iron ore pellets. Japanese Industrial Standards Committee.

b) ASTM Designation: E 382-68 T compression strength of iron ore pellets. American Society for Testing and Materials.

c) ISO 4700: 1983 Iron ore pellets — Determination of crushing strength. International Organization for Standardization,

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




STRENGTH OF IRON ORE PELLETS 

(First Revision)

1 SCOPE

1.1 This standard prescribes the method for measuring the crushing strength of' indurated iron ore pellets at ambient temperature.

1.1.1 This method is not applicable for pellets obtained after reduction.

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 460

		



		  Part-1 

		



		  Part-2

		



		  Part-3

		



		IS 9101 

		





3 SUMMARY OF METHOD

Individual iron ore pellets are placed in a compression testing machine and a load is applied at constant speed of compressive platen, until the pellet breaks which is recorded in kilograms.

4 APPARATUS

4.1 The compressive testing machine to be used is of two parts, the loading part and the indicating part, and each of the parts shall comply with the requirements given in 4.1.1 to 4.1.2.2.

4.1.1 The Loading Part

4.1.1.1 The loading capacity shall be 1 000 kg or greater.

4.1.1.2 The compressive platens shall be flat and shall be installed in mutually parallel planes. They shall be made of surface hardened steel.

4.1.1.3 One of the platens (normally lower) shall move towards the other at constant speed of 15 ± 5 mm/minute over the entire test period.

4.1.2 The Indicating Part 

The transmission of applied load to the part shall be either of load cell type or of lever type.

4.1.2.1 The indicating part of the load may be a mechanical indicator (gauge equipped with needle rider) for the lever type or may be an electrical indicator (recording chart, meter with needle rider) or the load cell type, when using a load cell, the chart recorded for response time shall be one second or less for full side deflection.

4.1.2.2 The minimum graduation shall not be less than 5 kg.

4.2 Sieves having 12.5 mm and 10 mm square mesh conforming to IS  460(relevant part) shall normally be used.

5 SAMPLE

5.1 Pellet Size

The pellets to be tested shall be between 12.5 mm and 10 mm size or as agreed upon between the interested parties. The pellets shall be screened using the screens specified in 3.2 above.

 5.1.1 Sample Preparation 

The sample for determining the crushing strength shall be obtained at random, for example, by riffling from about 5 kg of the sample for physical testing which has been obtained in accordance with IS  9101. 

5.1.2 The sample shall be dried at 105 ± 5 °C and screened to obtain the pellet size specified in 5.1.

5.1.3 It is required to draw sixty or more number of pellets so as to fulfil the criterion given in Appendix A. Pellets selected for testing shall not contain broken or chipped pellets.

6 PROCEDURE

6.1 Place a single pellet at the centre of the lower platen of the testing machine.

6.2 Apply load at a speed of 15 mm/minute of compression platen on each pellet throughout the test period.

6.3 Record the maximum load at which the pellet undergoes complete breakage to nearest 5 kg, for each pellet.

7 EXPRESSION OF THE RESULT

The final crushing strength, expressed in kilograms, of the test sample shall be reported as the arithmetic mean value of all the readings to a whole number.

The report shall also indicate:

a) the total number of pellets tested and their individual crushing strength values,

b) size of the pellets tested,

c) the maximum and minimum strength of the pellets,

d) standard deviation of the measurements, and

e) a table of relative frequency (percent) of measurements classified at 50 kg class and graphical presentation of 'less than' frequency (percent) distribution (see Table 1 and Fig. 2 in Appendix B for the examples) 




APPENDIX A

(Clause 5.1.3)

SELECTION OF NUMBER OF PELLETS FOR THE TEST

A-1 The required number of pellets may be calculated from the equation (for 95 percent probability):



where,

 is the number of pellets;

 is standard deviation of strength of particular type of pellets, derived from several experiments, and

 is required precision of the mean value of measurements in kg.

It is presumed in the above calculations that the distribution of frequencies of strength values generally follow the normal curve pattern.

A-2 The relation between number of pellets and precision at different standard deviations in crushing strength is illustrated in Fig. l.

[image: ]

FIG.1 RELATION BETWEEN THE NUMBER OF PELLETS AND PRECISION AT VARIOUS STANDARD DEVIATIONS




APPENDIX B

(Clause 7.1)

AN EXAMPLE OF RELATIVE FREQUENCY OF MEASUREMENT AND GRAPHICAL PRESENTATION

B-1 Relative frequency (present) of measurement classified at 50 kg class is given in Table 1 and is represented graphically in Fig.2.

		TABLE 1 AN  EXAMPLE OF TABLE OF FREQUENCY, RELATIVE FREQUENCY (PERCENT) AND LESS THAN CUMULATIVE RELATIVE FREQUENCY (PERCENT) OF PELLETS



		Sl. No.

		CRUSHING STRENGTH CLASS LIMITS (kg/p)

		FREQUENCY

		RELATIVE FREQUENCY (PERCENT)

		LESS THAN CUMULATIVE RELATIVE FREQUENCY (PERCENT)



		(1) 

		(2) 

		(3) 

		(4) 

		(5) 



		I) 

		101 – 150

		4

		1.6

		1.6



		II) 

		151 – 200

		7

		2.8

		4.4



		III) 

		201 – 250

		20

		8.0

		12.4



		IV) 

		251 – 300

		38

		15.2

		27.6



		V) 

		301 – 350

		50

		20.0

		47.6



		VI) 

		351 – 400

		43

		17.2

		64.8



		VII) 

		401 – 450

		31

		12.4

		77.2



		VIII) 

		451 – 500

		15

		6.0

		83.2



		IX) 

		501 – 550

		23

		9.2

		92.4



		X) 

		551 – 600

		9

		3.6

		96.0



		XI) 

		601 -650

		6

		2.4

		98.4



		XII) 

		651 – 700

		-

		-

		98.4



		XIII) 

		701 – 750

		3

		1.2

		99.6



		XIV) 

		751 - 800

		1

		0.4

		100.



		

		

		250

		100.0

		





[image: ]

Fig.2 Graphical Presentation of Frequency distribution and less than cumulative relative frequency (%) of pellets type A (N =250; σ = 119; β = 15)
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FOREWORD

This Indian Standard (First Revision) is to be adopted by Bureau of Indian Standards, after the draft finalized by Ores and Feed Stock for Iron and Steel Industry Sectional Committee had been approved by the Metallurgical Engineering Division Council.

The standard was first published in 1979. This revision has been brought out to bring the standard in the latest style and format of the Indian Standards. 1 AMENDMENT 

In addition, the following changes have been made: 



The primary object of sampling of any material is to draw an Inference about the quality of the lot on the basis of information derived from the sample. If the consignment is of uniform nature the inference 90 drawn is almost precise, which gives an accurate estimate of the quality, but when the material is heterogeneous in nature as often the case with any raw material, the method by which a sample is obtained becomes critical in inferring about the quality of the consignment.

The efficiency of sampling largely depends on the degree of homogeneity of the consignment and the size of the sample. In case of heterogeneous consignment, obviously the size of the sample should be more to arrive at an accurate estimate of the quality.

For obtaining reliable conclusions, it has been recommended that far as possible Iron ore pellets be sampled when in motion that is, during loading or unloading or from conveyors.

In the formulation of this standard, due consideration has been given to International standards and practices prevailing in different countries. For this purpose, guidance has been obtained from the following standards.

ISO 3081 Iron ores — Increment sampling — Manual method

ISO 3083 Iron ores — Preparation of samples

ISO 3082 : 2017  Iron ores — Sampling and sample preparation procedures

JIS M 8710 - 1976 Methods of sampling, size determination, moisture determination and physical characteristics determination of iron ore pellets

For the determination of size distribution of iron ore pellets, sieves conforming to IS 460 (Relevant Standard) shall be used. When such sieves are not available, other equivalent standard Sieves as judged by the aperture may be used. For corresponding sizes of BS and ASTM sieves, reference may be made to IS 460.

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




Indian Standard

METHODS OF SAMPLING IRON ORE PELLETS

1 SCOPE

This standard prescribes the methods for sampling of iron ore pellets from conveyors, wagons/trucks/barges, ships, stock Piles and also during production, for the determination of size distribution, moisture content, chemical composition and other physical properties in the lot.

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 No.

		Title



		IS 460

		Test sieves — Specifications:



		(Part 1) : 2020 

		Wire cloth test sieve (fourth revision)





3 TERMJNOLOGY

For the purpose of this standard the following definitions shall apply:

3.1 Lot — The quantity of pellets offered for I  nspection at one time. A lot may consist of the whole or a part of the quantity ordered for.

3.2 Sub-lot — The quantity of pellets in each of the parts into which a lot is divided for the purpose of sampling.

3.3 Increment — The quantity of pellets obtained by a sampling device at one time from a lot or sub-lot; also a quantity taken in the increment reduction method.

3.4 Unit Sample — The quantity of pellets collected at one time from the conveyor (Unit sample is larger than the increment specified in Table 3  

3.5 Gross Sample — The total quantity of pellets consisting of ail increments or unit samples taken from a sub-lot.

2.6 Size Sample — The sample taken for the determination of the size distribution of the lot or sub-lot.

3.7 Moisture Sample — The sample taken for the determination of moisture content of the lot or sub-lot.

3.8 Laboratory Sample — The quantity of pellets obtained by reducing a gross sample following a specified procedure for determining the chemical composition of a lot or sub-lot,

3.9 Composite Sample (for the Lot) — The quantity obtained by mixing together proportional quantities of pellets representing the mass of each sub-lot into which a lot has been divided. It may be a composite of laboratory samples, or a composite of divided uncrushed parts of samples from each sub-lot for the determination of physical properties of a lot.

 3.10 Physical Test Sample — The sample collected from a lot or a sub-lot or from the composite sample ( for the lot ) ( see 3.9 ) for determining the physical characteristics of a lot or sub-lot, such as tumbler test sample, crushing ( strength ) test sample and reducibility ( chemical ) test sample.

4 GENERAL RULES

4.1 The methods of collecting Increments or unit samples from a lot may be classified into following types or a combination of any of them:

a) Sampling from conveyors;

b) Sampling from wagons or trucks or barges;

c) Shipment sampling;

d) Stockpile sampling; and

e) Sampling during production.

4.2 Sampling shall preferably be carried out during loading or unloading (shifting) of the lot. It shall be carried out by the method of periodic systematic sampling with a random start.

4.3 Increments shall be drawn, as far as possible, by a single motion of the sampling device.

4.4 The dimensions of the sampling scoop for drawing increments (in manual sampling) shall be as given in Table 1 (see Fig 1).

		Table 1 Dimension of Sampling Scoop

( Clause 3.4)



		Sl. No.

		Capacity of Scoop

		Dimensions (mm)



		

		

		A

		B

		C

		D

		E

		F

		G



		(1) 

		(2) 

		(3) 

		(4) 

		(5) 

		(6) 

		(7) 

		(8) 

		(9) 



		i) 

		4 kg

		175

		120

		100

		150

		65

		350

		30



		ii) 

		2.5 kg

		175

		120

		65

		155

		65

		350

		30





4.5 In the case of mechanical sampling, the sampling device should take the largest particle in a lot easily.

4.6 The interval of drawing the increment shall be, as far as possible uniform in terms of mass throughout the whole quantity of the lot. However, if the rate of the handling quantity is uniform, the interval of drawing the increments may be based on time unit in place of quantity unit.

[image: ]

FIG. I Sampling Scoop

4.7 Before collecting the increments or the unit samples, the speed of the conveyor and the quantity of material passing a certain point in a given time shall be as curtained so that an appropriate spacing of the increments or unit samples may be arranged over whole of the lot.

4.8 The increments or unit samples shall be of approximately equal mass. For the preparation of gross samples these increments or unit samples may be combined by taking and mixing individual increments or unit samples at proper stage of sample preparation.

4.9 Throughout sampling as also during the sample preparation and testing shall be taken to avoid contamination of the sample with any foreign material.

4.10 In case of pellets, possibilities of segregation of particle size fractions are often encountered. Hence the sampling points and the methods of collecting increments or unit samples have to be carefully planned to avoid bus.

5 METHODS OF SAMPLING

5.1 General 

For the purpose of sampling, a lot shall be divided into a number of sub-lots of approximately equal mass as specified in Table 2. When it is not practicable to have sub-lots of approximately equal mass, sub-lots with varying mass may also be permitted.

		Table 2 Minimum Number of Sub-Lots into Which a Lot is Divided

(Clauses 4.1, 4.2.2, 4.3.1.1, 4.4.1 and 4.5.1 )



		Sl. No.

		Mass of the lot(tonnes)

		No of sub-lots



		(1) 

		(2) 

		(3) 



		i) 

		Up to 1 000

		1



		ii) 

		1 001 to 2 000

		2



		iii) 

		2 001 to 5 000

		3



		iv) 

		5 001 t 15 000

		4



		v) 

		15 001 to 30 000

		5



		vi) 

		30 001 to 45 000

		8



		vii) 

		45 001 to 70 000

		10



		viii) 

		70 001 and above

		15





5.1.1 A representative gross sample shall be drawn from each of the sub-lots and shall be kept separately, thus there will be as many gross samples as the number of sub-lots which the lot has been divided.

5.1.2 The number of increments to be taken from a sub-lot for the gross sample shall be governed by the mass of the gross sample and the mass of the increments as specified          in Table 3.

		Table 3 Minimum Mass of the Gross Sample and Minimum No. of Increments

(Clauses 2.4, 4.3.2.2, 4.3.3.1, 4.3.4.3, 4.4.2, 4.5.2.1, and 4.6.1)



		(1) 

		(2) 

		(3) 



		i) 

		Mass of gross sample, Min

		300 Kg



		ii) 

		Mass of the increment, Approx.

		4 Kg



		iii) 

		No. of increments, Min

		75





5.1.3 The number of increments shall be evenly distributed over the sub-lot as detailed in 4.6. The increments shall be drawn wth the help of a suitable sampling scoop ( see Fig. 1 ) at regular intervals.

5.2 Sampling from Conveyors

5.2.1 When a lot is being conveyed by means of a belt conveyor the increments shall be taken from a specified place on conveyor or at a specified transfer point of conveyor. The sampling point should be as close as possible to the discharge point to avoid the physical effects of handling.

5.2.2 The periodic systematic sampling should be carried out with random start. The lot shall be divided into a number of sub-lots of approximately equal mass as specified in Table 2. This can be done by dividing the size of the lot (in tonnes) by the number of sub-lots, which will give the size of the sub-lot. This size divided by the number of increments gives the interval of taking the increments. The increment shall be drawn with the help of a suitable sampling scoop or a sampling device or by stopping the conveyor belt at regular Intervals.

5.2.3 The increments shall be taken from the moving conveyor belt at a fixed place by cutting the whole cross-section and thickness of the pellet stream with the mechanical sampling device in one operation. The receptacle shall be Wide and big enough to take all sizes and not to allow over flowing.

5.2.4 If it is practicable to stop the belt periodically, unit samples may be drawn at a fixed location of the belt conveyor. The mass of each unit sample so drawn shall not be less than 25 kg and it shall be collected from the full width and thickness of the pellets. The minimum number of unit samples to be drawn, at regular intervals, to constitute a gross sample shall be 12

5.2.5 If it is not possible to draw samples from the moving belt by the two methods indicated above, Increments may be manually drawn with the help of a suitable scoop, successively from the right, the centre and from the left sides of the pallet stream of the belt along the same width of a moving conveyor. To ensure that every portion of the pellets is contained in the sample, the scoop should sweep the bottom of the conveyor. However, since the pellets tend to segregate during transportation on conveyor belts, care should be taken to see that bias in sampling not introduced, in the process

NOTE - When a sampling scoop of 2.5 kg size is used for manual sampling on a moving conveyor belt by thrusting the scoop in the pellet stream, successively a unit sample of 25 kg shall be drawn.

5.2.6 The material collected from various increments or unit samples in a sub-lot shall be combined and mixed together to constitute a gross sample.

5.3 Sampling from Wagons or Trucks or Barges

5.3.1 General

5.3.1.1 For the purpose of sampling, the lot representing the total number of wagons or trucks or barges shall be divided into a suitable number of sub-lots (if possible of approximately equal mass) in accordance with the requirements laid down in Table 2.

5.3.1.2 In order to get a representative gross sample, the pellets shall be sampled from the point selected at random in the new surface exposed during loading or unloading of wagons or trucks or barges Samples shall not be collected as far as possible from loaded wagons, trucks or barges.

5.3.2 Sampling from Wagons

5.3.2.1 When pellets are loaded into or unloaded from the wagons, it is recommended that the sample is drawn by mechanical means, during loading or unloading.

5.3.2.2 A minimum of two increments per wagon shall be drawn up to a lot of 4000 tonnes which is the normal size of the lot. The mass of the increments and the gross sample shall be in accordance with Table 3. The increment shall be taken from the place where the pellets have been just removed by the handling equipment. If the handling equipment a grab-bucket increments may be taken inside the grab-bucket in such a way that no bias is introduced in the sample.

5.3.3 Sampling from the Trucks

5.3.3.1 Since the capacity of the trucks is small (approximately 8-15 tonnes), it will be necessary to select the trucks for sampling. For this purpose, a minimum of ten percent of the trucks subject to a minimum of ten and maximum of hundred trucks shall be selected at random from the sub-lot. From each of the trucks chosen, an approximately equal number of increments shall be drawn from each truck so as to get the required number of increments, as given in Table 3.

5.3.3.2 The mass of the increments and size of gross sample shall be as given in Table 3.

5.3.4 Sampling from Barges

5.3.4.1 The pellets shall be sampled during loading or unloading of the barges. If the loading or unloading is by means of conveyors, as generally in the case, the procedure for sampling from conveyors (clause) shall be followed.

5.3.4.2 If the Pellets are unloaded or loaded into the barges with the help of grab-buckets, the sample shall be drawn from the place from where the pellets have been just removed by the grab-bucket. Sampling shall be done carefully so to avoid any bras during the process specially with respect to size distribution.

5.3.4.3 The mass of the increments and size of gross sample shall be as given in Table 3.

5.4 Sampling from Ships

5.4.1 For the purpose of sampling, the quantity of the pellets to be loaded into or unloaded from a ship shall be divided into a suitable number of sub-lots of approximately equal mass accordance with Table 2.

5.4.1.1 A representative gross sample shall be drawn from each of the sub-lots and shall be kept separately. Thus there will be as many gross samples as the number of sub-lots into which a lot has been divided.

5.4.2 In order to get a representative gross sample, the pellets shall be sampled as far as possible when in motion. If it is taken on a conveyor, the gross sample shall be collected according to the procedure laid down in 5.2. If not, the gross samples may be drawn during loading or unloading of the ship. For this purpose, the number of increments to be taken at regular intervals and the mass of the increments and the gross sample shall be in accordance with Table 3.

5.4.3 The sample collected from the various increments or unit samples from a sub-lot shall be combined and mixed into a gross sample.

5.5 Sampling from Stockpiles

5.5.1 For the purpose of sampling, the quantity of pellets in a stockpile shall be divided into a suitable number of sub-lots of approximately equal mass as specified in Table 2.

5.5.1.1 A   gross sample shall be drawn from each of the sub-lots and shall be kept separately. Thus there will be as many gross samples as the number of sub-lots into which the lot has been divided.

5.5.2 Sampling of pellets from stockpiles shall be carried out, as far as possible, when they are in motion, that is, during the formation of the stockpiles or during the shifting of the stockpiles to other places. Sampling from stationary stockpile shall not be conducted as this would introduce significant bias in sampling.

5.5.2.1 The number of increments to be taken from a sub-lot for making up the gross sample, shall be governed by the mass of the gross sample and the mass of the increments as specified in Table 3. This number shall be equally distributed over the sub-lot. The increment shall be drawn with the help of a suitable sampling scoop (see Fig. 1) at regular intervals during the formation or shifting of the stockpiles.

5.6 Sampling During Production

5.6.1 The quantity of pellets produced daily by a pelletizing plant may be considered as a lot for the purpose of sampling and shall be divided into sub-lots of approximately equal mass, one per shift. The number of increments to be taken from sub-lot for making up the gross sample shall be governed by the mass of the gross sample and the mass of the increments as specified in Table 3. This number shall be evenly distributed over the sub-lots. The increments shall be drawn mechanically or manually at the final discharge end from the plant, from where the finished pellets are discharged.

5.6.2 If the discharge end is a chute, the whole cross-section of the falling stream shall be cut with a suitable sampling device in one or several motions to obtain a unit sample of at least 25 kg.

6 SAMPLE PREPARATION

In the case of Iron ore pellets a number of tests for the determination of physical properties of uncrushed sample are required. This necessitates that gross samples (in part or full) are required to be divided further to collect the required quantity of sample for physical tests, before crushing. In this case, the determination of size distribution shall be carried out on the divided sample.

A general scheme of sample division and sample preparation is given in Appendix A.

6.1 Methods of Sample Preparation

6.1.1 Sample Division

One or more of the following methods of sample division shall be used, for dividing a gross sample (in part or full), or a composite sample:

a) Method using riffle divider;

b) Increment reduction method; and

c) Coning and quartering method,

6.1.2 Of these three methods, the first shall be used in dividing the uncrushed pellet samples. All the three methods shall be used after crushing the pellets under 10 mm size.

6.2 Method Using Rime Divider

6.2.1 The sample of pellets is mixed, placed with uniform thickness into a riffle tray (closed on three sides and open on one side, the width of which is exactly equal to the sum of widths of all the slots of the riffle) and divided in two parts by tilting the tray slowly into the middle of the riffles (at right angle to the riffle). Either of the divided parts shall be selected randomly as the divided sample.

6.2.2 The relation between maximum particle size and minimum mass of sample retained after division shall be in accordance with Table 5.

NOTES

1. Any material, if retained in the slot of the riffle, should be properly removed and added to the divided sample.

2. Emptying of the riffles tray during sample division shall be carried out in such a manner as to present ant bias in the division.

3. The angle between inclined surfaces of adjacent chutes shall be 60°.

4. The number of chutes shall be as indicated in Table 4.

5. The sample receivers shall be such as to ensure the prevention of scattering and rising of fine particles.

		Table 4 Particle Size of Sample and Width of Chute of Riffle Divider

(Clause 5.2.2)



		Sl. No. 

		Particle Size of sample , mm

		Width of chute, mm

		No. of Chutes



		(1) 

		(2) 

		(3) 

		(4) 



		i) 

		Over 10 and up to 30

		60

		12



		ii) 

		Over 4.75 and up to 10

		20

		16



		iii) 

		Over 1.70 and up to 4.75

		10

		16



		iv) 

		Over 1.70 and under

		6

		16







		Table 5 Particle Size and Sample Retained After Division

( Clause 5.2.2 )



		Sl. No.

		Particle Size of sample , mm

Up to and including

		Minimum mass of Sample Retained After Division, Kg



		(1) 

		(2) 

		(3) 



		i) 

		30

		140



		ii) 

		10

		20



		iii) 

		4.75

		10



		iv) 

		1.70

		2.5



		v) 

		0.85

		0.5





6.3 Increment Reduction Method

6.3.1 The pellets crushed under 10 mm size shall be mixed and spread, on a smooth non-moisture absorbing plate, into a uniform flat rectangle with thickness, depending upon the particle size, as specified to Table 6. The rectangle so formed shall be divided into 5 equal parts lengthwise and four equal parts breadth wise. From each of the 20 parts so obtained (see Fig. 2) equal quantity of material, not less than that specified Table 6, shall be collected (using an Increment scoop of suitable dimensions). A supporting plate shall be used for proper collection of the sample, while taking increments the scoop (see Fig 3) shall be inserted to the bottom of the layer, All the 20 increments so collected shall be combined together to form a reduced sample.

6.4 Coning and Quartering 

6.4.1 The crushed pellets (10 mm and under) shall be mixed and then scooped into a cone-shaped pile, by depositing each scoopful on top of the preceding one. Care must be taken to drop each scoopful on the apex of the cone, so as to ensure even distribution of coarse and fine particles on all sides of the cones and that the centre of the cone is not displaced After the cone formed, it shall be flattened by pressing the top of the cone With the smooth surface of the scoop so as to form a flattened circular heap of uniform thickness and its centre shall coincide with the centre of the original cone Thus flattened heap shall then be cut into quarters by two lines which intersect at right angles the centre of the heap. Two diagonally opposite sectors shall be completely removed and rejected. The remaining part shall be accepted as the reduced sample. This process may be repeated till the required amount of sample is obtained.

[image: ]

Fig.2 One Increment from Each Part

[image: ]

Fig. 3 Increment Scoop for Increment Reduction Method

		Table 6 Particle Size, Thickness of the Layers and Size of Increment

(Clause 5.3.1)



		Sl. No.

		Particle size, mm

		Thickness of Layer, mm

		Size of Increment, g



		(1) 

		(2) 

		(3) 

		(4) 



		i) 

		10

		30 to 40

		250



		ii) 

		4.75

		25 to 35

		150



		iii) 

		3.35

		20 to 30

		75



		iv) 

		1.70

		15 to 25

		40



		v) 

		0.85

		10 to 20

		25



		vi) 

		0.15

		5 to 10

		5





7 PREPARATION OF SAMPLES FOR VARIOUS PHYSICAL TESTS

A diagrammatic representation of sample preparation is given in brief in Appendix A,

7.1 Preparation of Final Sample for Determination of Size Distribution 

As far as possible, the whole of the gross sample shall be used for determination of Size distribution. In case this cannot be done, the final sample for determination of size distribution may be prepared by reducing the gross sample (preferably by riffle division method) (see Appendix A). The balance part shall be preserved as moisture and laboratory sample. All samples above 4.75 mm after determination of size distribution shall be used for physical tests in 7.3.

7.2 Preparation of Final Sample for Determination of Moisture and Chemical Analysis

7.2.1 Each of the divided gross samples meant for moisture determination and chemical analysis in 6.1 shall be crushed separately (see Appendix A). Pellets of sizes greater than 10 mm shall be first crushed in a jaw crusher, roller crusher, or manually using hammer and manganese steel flat plate till the pellets are of size under 10 mm. This sample shall be mixed and from this (a) a sample of approximately 2 kg shall be collected (preferably by riffle division method combined increment reduction method) as moisture sample, and (b) a sample of approximately 20 kg shall be obtained ( preferably by riffle division method ) as laboratory sample, which shall be further processed in successive stages of crushing, mixing and dividing ( see Appendix A) so as to obtain a final laboratory sample of size 150 microns or less for determination of chemical analysis.

7.2.2 From 2 kg of moisture sample, prepare two duplicate samples by increment reduction method of at least 500 grams each as the final duplicate moisture samples. The rest of the sample, if desired, shall be preserved for a short time in air-tight containers.

7.3 Preparation of Samples for Various Physical Tests

7.3.1 The physical test sample obtained from each gross sample (or part of gross sample) shall be sieved on a sieve having 4.75 mm square aperture. The fraction of Size above 4.75 mm shall be further divided without crushing so as to obtain a sample of approximately 150 kg which shall be further reduced to obtain various samples as given in 7.3.2 to 7.3.6, if tests on individual gross samples are required to be carried If tests are required to be carried out on the composite sample, all physical test samples representing each sub-lot may be combined at this stage to obtain a composite sample for physical test by mixing them in proportion to the mass corresponding to each sub-lot into which the lot is divided. This sample shall be further divided so as to obtain about 250 kg sample for various physical tests in 7.3.2 to 7.3.6. The outline of the procedure given Appendix A.

7.3.2 Preparation of Final Tumbler Test Sample

7.3.2.1 From the physical test sample obtained in 7.3.1 one tumbler test sample of about 100 kg shall be prepared. The rest of the sample shall be preserved for other physical tests.

7.3.2.2 The tumbler test sample shall be dried at 105 ± 5° C till free from moisture and cooled to the room temperature and then divided (preferably by riffle division method) so as to obtain 2 tumbler test samples of about 25 kg each for each sub-lot or 4 final tumbler test samples of about 25 kg each for the whole lot. The tumbler test shall be carried out in accordance with IS 6495.

7.3.3 Preparation of Final Crushing Test Sample 

From the reserved sample for other physical tests obtained after preparing tumbler test sample as 7.3.2, a crushing test sample of about 5 kg shall be prepared according to the method specified in 6 without crushing. The crushing test shall be carried out in accordance with IS. 8625.

7.3.4 Preparation of Final Reducibility Test Sample

7.3.4.1 From the remaining sample, after the preparation of crushing test sample as in 7.3.3, a reducibility test sample of about 5 kg shall be prepared by sample reducing method. The reducibility test sample shall be mixed well and three samples of 500 grams each obtained (two for the reducibility test and one for chemical analysis before test) without crushing the samples The balance sample shall be preserved for 7.3.5.

7.3.4.2 The final sample for compression strength after reduction shall be prepared from the sample after its reducibility has been determined. The compression strength of pellets after reduction shall be determined in accordance with IS 8604.

7.3.5 Preparation of Final Swelling Test Sample 

Twelve pellets of specific size shall be selected at random from the sample left over after the preparation of reducibility test sample as in 7.3.4.1 as the final swelling test sample. The swelling index of the pellets shall be determined in accordance with IS 8624.

7.3.6 Preparation of Other Test Samples 

The reserved sample kept aside during preparation of the physical test sample, shall be used for the preparation of other physical test samples.

8 METHOD OF DETERMINING PARTICLE SIZE DISTRIBUTION

8.1 The size distribution of the pellets in a lot shall normally be estimated as recommended below ( see Appendix A  )

a. Over 20 mm;

b. Over 16 mm and up to 20 mm;

c. Over 12.5 mm and up to 16 mm;

d. Over 10 mm and up to 12.5 mm;

e. Over 6.3 mm and up to 10 mm; and

f. 6.3 mm and below.

NOTE - In the determination of particle size distribution IS sieve of suitable size specified in IS 460 (relevant part) shall be used.

8.2 Each sample shall be sieved through selected IS sieves and pellets retained in each of the sieves and those passing through the smallest sieves shall be weighed separately.

8.3 Size distribution of pellets in a lot shall be estimated as follows (when sub-lots are of equal mass):

		Over 20 mm, percent

		



		Over 16 mm, percent

		



		Over 12.5 mm, percent

		



		Over 10 mm, percent

		



		Over 6.3 mm, percent

		



		6 3 mm and below, percent

		







Where, 

 are the masses of different gross sample (kg) or parts thereof

 are the corresponding masses of pellets over 20 mm in size (kg)

 are the corresponding masses of pellets over 20 mm in size (kg)

  are the corresponding masses of pellets over 20 mm in size (kg)

 are the corresponding masses of pellets over 20 mm in size (kg)

are the corresponding masses of pellets over 20 mm in size (kg)

 are the corresponding masses of pellets over 20 mm in size (kg)

8.4 If sub-lot vary in mass, weighted means of each of the size fractions corresponding to the mass of sub lot shall be calculated as follows:

 

		Over 20 mm, percent

		



		Over 16 mm, percent

		



		Over 12.5 mm, percent

		



		Over 10 mm, percent

		



		Over 6.3 mm, percent

		



		6 3 mm and below, percent

		







Where, 

;;;; ;;  are as specified in 8.3

are corresponding mass (in tonnes) of each sub-lot

8.5 The percentage of each particle size fraction of a consignment shall be expressed to the first decimal place.

9 NUMBER OF TESTS

9.1 Moisture Samples 

All the moisture samples representing a lot shall be tested individually for moisture content to avoid the change the moisture content, the moisture determination shall be done as quickly as possible, after the sample is taken.

9.1.1 The method for determination of moisture shall be in accordance with the procedure given in the draft Indian Standard methods for determination of moisture for iron ore pellets (under preparation)

9.2 Laboratory Samples 

All the laboratory samples shall be tested individually for important characteristics. For the remaining, a composite sample prepared by mixing proportionate quantities of the laboratory samples shall be analysed. Unless otherwise agreed, the samples shall be analysed as below for various characteristics:

		Characteristics for which Laboratory Samples are Analysed Individually

		Characteristics for which a composite sample is analysed



		a) Silica (SiO2)

		a) Ferrous oxide



		b) Alumina (Al2O3)

		b) Phosphorus



		c) Iron (Fe)

		c) Sulphur



		

		d) Calcium Oxide (CaO)



		

		e) Magnesium Oxide(MgO)



		

		f) Titanium



		

		g) Loss on ignition



		

		h) Manganese





10 REPORTING

10.1 Reporting of Chemical Composition

10.1.1 For those characteristics, where a composite sample has been tested only one test result will be available and that result shall be reported as the value of the characteristic for the lot sampled.

10.1.2 For those characteristics, where only one individual sample is taken and tested, only one result will be available and that result shall be reported as the value of the characteristics for the lot sampled.

10.1.3 When only two laboratory samples have been analysed individually from a lot, the average of the two available test results shall be reported as the value of the characteristic for the lot sampled. In the case of sub-lots of approximately equal mass, this average shall be calculated as one-half of the sum of the two test results. If the sub-lots are of varying mass, the weighted average shall be calculated as the sum of each test result multiplied by corresponding fraction obtained on dividing the sub-lot mass by the total mass. The individual results shall also be reported to give an indication of the range of variation in quality.

10.1.4 When three or more laboratory samples have been analysed individually from a lot for any characteristic, the following procedure shall be followed to assess the average quality and its limits of variation:

Let be the results of analysing  laboratory samples for a particular characteristic.

Calculate,

Average (x̄)  

if sub-lots are of approximately equal mass

or Weighted Average (X̄) 

if  are the mass of the n sub-lots 

Range ( R ) = The difference between the maximum and minimum value ( When n is less then 10 )

or Mean Range (R̄) = The average value of ranges, When the number of sub-lots ( n ) is equal to 10 or 15, the corresponding results on laboratory samples ( 10 or 15 ) should be constituted into groups of 5 in the order of their occurrence. For each group, range ( R) should be calculated and the average value ( R̄) of the R’s should be used in the subsequent clause.

The average level of that characteristic in the lot shall be reported as equal to (x̄)

The limits of variation in the average level of the lot shall be reported as (x̄ ± hR) or (x̄ ± hR̄) where h is a factor, the value of which depends on the number of samples analysed, the appropriate value of the factor h shall be taken from the following table:

		Sl. No.

		No. of laboratory samples analysed

		Value of factor, h



		(1) 

		(2) 

		(3) 



		i) 

		3

		1.30



		ii) 

		4

		0.72



		iii) 

		5

		0.51



		iv) 

		8

		0.29



		v) 

		10

		0.31



		vi) 

		15

		0.24





10.2 Reporting of Moisture Content

The results obtained by testing all the moisture samples representing a lot individually shall be reported in accordance with 10.1.2, 10.1.3 and 10.1.4.
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BUREAU OF INDIAN STANDARDS

Draft Indian Standard 

METHODS OF SAMPLING CHROME ORE (Second Revision)

ICS 77.100

FOREWORD 



This Indian Standard (Second Revision) was adopted by Bureau of Indian Standards, after the draft finalized by Ores and Feed Stock for Iron and Steel Industry Sectional Committee had been approved by the Metallurgical Engineering Division Council.



The Standard was first published in 1977. 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) Addition of clause: Sampling by Mechanical means.

b) Addition of clause on General Matters

c) Clause 5.1 has been modified by adding “Other sizes may be considered as agreed between buyers and sellers.

d) The Figure 3 has been modified. 

e) “Hard Ore” Grade is Replaced with “Hard Lump Ore” Grade throughout the standard.

f) Sampling from slurry is included in Clause 6



The primary object of sampling of any material is to draw an inference about the quality of the lot on the basis of information derived from the sample. If the consignment is of uniform nature the inference so drawn is almost precise, which gives an accurate estimate of the quality, but when the material is heterogeneous in nature as is often the case with any raw material, the method by which sample is obtained becomes critical in inferring about the quality of the consignment.



The efficiency of sampling largely depends on the degree of homogeneity of the consignment and the size of sample. In case of heterogeneous consignment obviously the size of the sample should be more to arrive at an accurate estimate of the quality. 



For the purpose of sampling, chrome ore has been divided into three categories namely, 1) Friable, 2) Hard Lump and 3) Fines and Concentrates. Friable ore consists of all sizes up to 200 mm. Hard lump ore consists of all sizes up to 200 mm, which is not friable. Fines and Concentrates consist of sizes not exceeding 3 mm. 



For obtaining reliable conclusion it has been recommended that as far as possible chrome ore be sampled when in motion that is during loading or unloading or from conveyor. When sampling of chrome ore from stock piles becomes-inevitable, sectional or trench sampling method may be used from stock piles up to a maximum height of 1.5 meters but the representativeness of the sample drawn in this manner cannot be assured and hence the reliability of the conclusion may not be free from any bias. 



In the formulation of this standard due consideration has been given to international standards and practices prevailing in different countries. In the preparation of this standard considerable assistance has been derived from the following standards:

· ISO 6153:1989  chromium Ores –Increment Sampling             

· ISO3082:2009 Iron ores- Sampling and sample Preparation Procedures.

· ISO 6154:1989  Chromium Ores- Preparation of Samples

· ISO 16742: 2014 Iron ores — Sampling of slurries

· IS 1405: Iron ores — sampling and sample preparation — manual method

· JIS M 8100: Particulate materials – General rules for methods of sampling



For the determination of size distribution of chrome ore, sieves conforming to IS 460-1985 (part 2) shall be used. During preparation of laboratory sample, Sieves conforming to IS 460-1985 (part 1) shall be used. When such sieves are not available other qualified standard sieve adjudged by the aperture may be used. For corresponding sizes of BS and ASTM sieves reference may be made to IS 460-1985 (part 1) and IS 460-1985 (part 2).



For the purpose of deciding whether particular requirement of this standard is complied with, the final value, observed or calculated, expressing the result of a test or analysis, shall be rounded off in accordance with IS 2: 1960 ‘Rules for rounding off numerical values(revised).’ The number of significant places retained in the rounded off value should be the same as that of the specified value in this standard.
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METHODS OF SAMPLING CHROME ORE (Second Revision)                                                                                                                     

1. SCOPE

                                                                                                                                                       

This standard prescribes the method of sampling of chrome ore from conveyor wagon, trucks ships and stock piles for the determination of size distribution moisture content and chemical composition of the ore in the lot. It also includes the method for reporting the quality of the material sampled.



2. TERMINOLOGY



2.0 For the purpose of this standard, the following definitions shall apply.



2.1-Friable core -Ore which is liable to crumble and generate fines in handling operations and consist of all sizes up to 200 mm.



2.2 Hard Lump Ore - Ore of size up to 200 mm which is not friable.



2.3 Fines and Concentrates - Ore of sizes not exceeding 3 mm.



2.4 Lot - The quantity of ore indicated of the same category and offered for inspection at one time of a lot may consist of whole or part of the quantity ordered for.



2.5 Sub-lot - The quantity of ore of a lot which has been divided into proportionate quantities for the purpose of sampling.



2.8 Increment -The quantity of ore obtained by a sampling device at one time from a lot or sub-lot. The quantity of a single increment is called size of increment.



2.7 Unit Sample - The quantity of ore collected at one point in sectional sampling or at one time from the conveyor.



2.8 Gross Sample - Sample as collected from a sub-lot that is the quantity of ore of several increments or unit samples taken from a sub lot.



2.9 Size Sample - Sample taken for determination of particle size distribution of the lot or sub-lot.



2.10 Laboratory Sample - The quantity of ore obtained by reducing a gross sample following the specified procedure and   indicated for laboratory test.



2.11 Moisture Sample - The sample to be used for determination of moisture content of the lot or sub-lot,



2.12 Composite Sample - The quantity of ore obtained by mixing together proportionate quantities of ore from each of the laboratory sample representing the sub-lot into which a lot has been divided.

3. METHODS OF SAMPLING (Name of the Clause to be revised to preparation of sample)



3.1 Division of Lot into Sub-lots - For the purpose of sampling, a lot shall be divided into a number of sub-lots of approximately equal mass as specified in Table 1.



NOTE - When it is not possible to have sub-lots of approximately equal masses sub-lots of varying masses may also be permitted.



TABLE 1 MINIMUM NUMBER OF SUB-LOTS INTO WHICH A LOT IS TO BE DIVIDED

(Clauses 3.1, 4.2.1, 4.3.1 and 4.4.2)



		MASS OF THE LOTS IN TONNES

(1)

		MINIMUM NUMBER OF SUB-LOTS

(2)



		Up to 1500

		2



		1501 ,, 3000

		3



		3001 ,, 5000

		5



		5001 ,, 7000

		7



		7001 ,, 10000

		9



		10001 and above

		11









3.1.1 Representative gross sample shall be drawn from each of the sublots and shall be kept separately. Thus there will be as many gross samples as the number of sub-lots into which the lot has been divided. 



3.2 The number of increments to be taken from a sub-lot for making the gross sample shall be governed by the mass of the gross sample and the mass of the increment as specified in Table 2 for various categories of the ore. These increments shall be evenly distributed over sub-lots. The increments shall be drawn with a suitable sampling scoop at regular intervals





TABLE 2 MINIMUM MASS OF THE GROSS SAMPLE AND

 MINIMUM NUMBER OF INCREMENTS

(Clauses 3.2, 4.1.2.1, 4.2.2.1, 4.3.2, 4.4.2 and 4.4.5)



		CATEGORY OF CHROME ORE

		MASS OF GROSS SAMPLE

		MASS OF INCREMENT, APPROX

		NO. OF INCREMENTS



		(1)

		(2)

		(3)

		(4)



		

		Kg

		Kg

		



		Hard Lump

		480

		8

		60



		Friable

		200

		4

		50



		Fines and Concentrates

		100

		2.5

		40







4. VARIOUS SAMPLING METHODS



4.1 Sampling from Conveyors

												

4.1.1 Location of Sampling - When consignment is transported by means of belt conveyor, increments may be collected at a fixed location from the belt conveyor at its discharging ends/transfer points.



4.1.2 Sampling Method



4.1.2.1 The periodic systematic sampling should be carried out with random start. The lot shall be divided into a number of sub-lots of approximately equal mass as specified in Table 1. This can be done by dividing the total duration of movement of ore into a number of equal intervals corresponding to the number of sub-lots keeping in view of the rate of discharge.



The number of increments to be taken from a sub-lot is given in Table 2 and depends on the category of ore and the size of the increments. The number shall be evenly distributed over the sub-lot. The increment shall be drawn with the help of suitable sampling scoop (see Fig. 1 and 2) at regular intervals.



4.1.2.2 The increments shall preferably be taken from the running belt conveyor at a fixed place by cutting whole cross section and thickness of the ore stream with the sampling device in one operation. The receptacle shall be big enough not to allow overflowing.
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                FIG.2 4-Kg SAMPLING SCOOP





4.1.2.3 If it is practicable to stop the belt periodically, unit samples can also be drawn at a fixed location of the belt conveyor. The mass of each unit sample so drawn shall not be less than 70 kg and it shall be collected from the full width and thickness of the stream. The number of unit samples to be drawn at regular intervals to constitute a gross sample shall be as given below for different categories of chrome ore:

    

		Category of ore

		Minimum number of unit Samples for Sampling from Conveyors



		Hard Lump

		7



		Friable

		6



		Fines and concentrates

		2







 

4.1.2.4 If it is not possible to draw samples from the belt in motion as in 4.1.2.2 or according to 4.1.2.3, the increments can be drawn from the center, the left and the right side of the ore stream of the belt along the same width from a moving conveyor belt. To ensure that very small materials is also correctly obtained in the sample the scoop should sweep the bottom of the conveyor belt.



NOTE - Before collecting the increments or the unit samples, the speed of the conveyor and the quantity of the material passing over a certain point in a given time shall be ascertained so that an appropriate spacing of the increments or unit samples may be arranged over the whole of the lot.







4.1.3 The material collected from various increments or unit samples in a sub-lot shall be aggregated and mixed together to constitute a gross sample.



4.2 Sampling from Wagons/Trucks



4.2.1 Sub-lots -- For the purpose of sampling all the wagons/trucks in a lot shall be divided into a suitable number of sub-lots of approximately equal mass in accordance with the requirements of Table 1.



4.2.1.1 A representative gross sample shall be drawn from each of the sub-lot land shall be kept separately. Thus there will be as many gross samples as the number of sub-lots into which a lot has been divided.

 

4.2.2 In order to get representative gross sample, the ore shall be sampled as far as possible in a steady motion during loading or unloading of the wagons/trucks. 
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4.2.2.1 All wagons/trucks to be selected for collecting sub lot samples quantity as per Table 1 from the sub-lot. The total number of increments to be taken from the wagons/trucks and the masses of the increments and the gross sample shall be in accordance with Table 2.



Approximately equal number of increments shall be taken from each of the wagon/truck. The increments to be taken within a wagon/ truck shall be evenly distributed. These increments shall be drawn with the help of a suitable sampling scoop (see Fig. 1 and 2) at regular intervals at the time of loading or unloading of the wagons/trucks.



NOTE - While taking the increments as prescribed above, if a large lump is encountered at any point and cannot be taken in the scoop it shall be picked up as such. Such lumps shall be accounted for in the determination of size distribution as given in 5 and in the reduction of gross sample as given in 6.



4.2.3 Sampling from Wagon loaded trucks - As far as possible sampling from loaded wagons/trucks is to be avoided. If it is inevitable, it ~may be carried out by sectional sampling method. By sectional sampling method at least 15 unit samples in the case of hard Lump and friable ores and at least five unit samples in the case of fine ores are to be collected from each sub-lot. The number of wagons/trucks equal to the number of unit samples shall be selected at random. On the surface of each of the selected wagons/trucks points will be selected at random where unit samples shall be collected by taking whole section of ore from top to bottom over the area of a circle of 25 cm diameter for hard Lump ore and friable ore and 15 cm diameter for concentrates and fines.



4.3 Sampling from Ships



4.3.1 For the purpose of sampling, the quantity of ore to be loaded into ship shall be divided into a suitable number of sub-lots preferably of approximately equal masses in accordance with Table 1. From each sub-lot a representative gross sample shall be taken. Thus, there will be as many gross samples as the number of sub-lots into which a lot has been divided. 



4.3.2 Sampling shall be carried out when the ore is in motion. If the ore is taken on the conveyor the gross sample shall be taken as described in 4.1. If not, the gross samples may be drawn during loading or unloading of the ships, by taking increments at equal intervals of time or quantity. The number and size of increments shall be as given in Table 2.



NOTE - Sampling from ship-holds shall preferably be avoided.



4.4 Sampling from Stock Piles



4.4.1 Sampling of ores in stationary stock piles shall be avoided. The proper method of sampling is to collect the increment when the stock pile is being formed or dismantled. 



4.4.2 Sub-lots - For the purpose of sampling, it will be convenient to treat each stock pile as a lot or as a sub-lot, the number of sub-lots to be formed and the number of increments to be drawn from each sub-lot shall be according to Tables 1 and 2. From each sub-lot one gross sample shall be taken.



4.4.3 When a stock pile is in process of being built or shifted increments maybe taken at regular intervals during the process in order that the ore in the entire stock pile is covered by sampling.



4.4.4 Stationary Stock Piles - When it becomes absolutely necessary to sample a stationary stock pile, sectional sampling (see 4.2.2) or trench sampling method (see 4.4.5) may be used for stock piles up to a maximum height of about 1.5 metres. In the case of sectional sampling, the requisite number of points shall be located at random on the entire surface of the sub-lot.



4.4.5 Trench Sampling - The gross samples shall be made up of the number of increments as specified in Table 2. These increments shall be collected as indicated below:                                                                                                                                                                                                             



Along a randomly chosen line of chrome ore surface of the sub-lot, the trench shall be cut right down to the ground level leaving about 30 cm walking space at the ground level. From the trenches so cut the required number of increments shall be collected with the help of a suitable sampling scoop (see Fig. 1 and 2) at various points randomly spread over the two exposed sides of the trenches. In case of larger stock piles, in addition to the trenches the sides of the piles may also be opened to expose the ore at places where the trench does not expose the ore inside. The increments can be drawn from the sides of the exposed surface.



4.5 Mechanical sampling



4.5.1 The sampling of ores during the loading or unloading of wagons, ships, stores, bunkers and in forming stockpiles by means of continuous action handling devices shall be carried out, using mechanical sampling devices, on the stream of ore falling from one handling device to another at a fixed interval of mass or time.



4.5.2 The number of cuttings by mechanical sampling devices shall be not less than the required number of increments.



4.5.3 The interval between taking increments from a consignment tan be taken as a fixed interval of either mass or time and shall not be changed during the entire course of sampling of a consignment.



4.5.4 For the purpose of sampling, it will be convenient to use the method specified in 4.1.2.1 which includes mass of sample to be drawn at each interval.



4.5.5 The time interval between taking increments shall be determined using the equation



t =  



where, 

t is the time interval between taking increments, in minutes;

Q is the mass of consignment, in tonnes;

G is the maximum flow rate of the belt conveyor, in tonnes/ hour;

n is the number of increments required as given in Table 2.



5. DETERMINATION OF SIZE DISTRIBUTION



5.1 When the gross sample from each sub-lot has been collected in the above manner it shall be first subjected to size determination using suitable sieves. The size distribution of hard Lump ore in a lot shall normally be estimated as recommended below: 



a) Over 200 mm,



b) Over 100 mm and up to 200 mm,



c) Over 10 mm and up to 100 mm, and



d) 10 mm and below.



The distribution of other sizes for Hard Lump ore may be estimated in a similar way. Other sizes may be considered as agreed between Purchaser and Seller.



NOTE - In the determination of ore size distribution IS Sieves of suitable sizes

Specified in IS 460 (Part 1) and IS 460 (part 2) shall be used. When such sieves are not available other qualified standard sieve adjudged by the aperture may be used. For corresponding sizes of BS and ASTM sieves reference may be made to IS 460-1985 (part 1) and IS 460-1985 (part 2).



5.2 Size Distribution Made on Gross Samples Obtained from Aggregating Unit Samples



5.2.1 Each gross sample shall be screened through selected IS Sieves and ore retained on each of the sieves and that passing through smallest sieves shall be weighed separately. Ore size distribution of the lot shall be estimated as follows:



		a) Over 200 mm, percent =

		



		b) Over 100 mm and 

    up to 200 mm, percent =

		



		c) Over 10 mm and

    up to 100 mm, percent =

		



		d) 10 mm and below percent =

		







Where,

w1 w2, . . . . ..are the masses of the different gross samples;



a1 a2, . . . . ..are the corresponding masses of ore, over 200 mm in size; 



bl, b2, . . . . ..are the corresponding masses of ore of sizes over 100 mm and up to 200 mm;



c1, c2. . . . . ...are the corresponding masses of ore of sizes over 10mm and up to 100 mm; and



d1, d2, . . . . ..are the corresponding masses of ore of sizes 10 mm and below.
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5.3 Gross Samples Obtained by Aggregating Increments



5.3.1 Where gross samples do not contain any lumps, the procedure detailed in 5.2 shall be followed for estimating the ore size distribution in the lot, the percentage of ore over 200 mm being nil.  



5.3.2 Where the gross samples contain some lumps (see Note under 4.2.2.1) the portion of the gross samples excluding the lumps shall be treated as in 5.3.1.









5.3.2.1 The ore size distribution of the lot shall be estimated as follows:



		a) Over 200 mm, percent =

		



		b) Over 100 mm and 

    up to 200 mm, percent =

		



		c) Over 10 mm and

    up to 100 mm, percent =

		



		d) 10 mm and below percent =

		









Where,



w1’, w2’, . . . . . . . are the masses of the different gross samples excluding the lumps,

n is the total number of lumps in all the gross samples, and

b1, b2, . . . . . . . c1, c2, . . . . . d1, d2, . . . . . . . are as defined in 5.2.1.  



NOTE - Each lump is supposed to represent one increment of 8 kg for the Hard Lump ore.







6. REDUCTION OF A GROSS SAMPLE



6.1 Moisture Sample - Each of the gross samples shall be sent first for size determination. Only after that sample preparation shall be conducted. For moisture determination moisture sample of 20 to 25 kg shall be taken from each gross sample in not less than 5 increments after crushing the ore to -10mm by mechanical or manual means. From this 20 to 25 kg material two or more samples of 1 kg each shall be drawn for moisture determination as specified in 8.1 or by any standard method.



NOTE - If needed, separate moisture samples may be drawn from the sub-lot by any procedure as agreed to between the purchaser and the supplier.



6.2 Preparation of Samples for Chemical Analysis - Chrome ore in each gross sample shall be first crushed in a jaw-crusher or roll crusher or by manual labour using a hammer, pounder and a manganese steel plate till the ore in gross sample is of - 10 mm size. Duplicate moisture samples of 1 kg each may be collected at this stage. The rest of the ore shall be mixed well and reduced to a minimum of 20 kg which shall then be further processed in stages as detailed in Fig. 3 to prepare the laboratory samples for chemical analysis. The mass of each laboratory sample shall be at least 200 g.



NOTE -The lumps obtained while drawing the increments shall be crushed separately and one scoop-full for each lump, approximately 8 kg for Hard Lump ore, shall be taken along with the ores of other sizes in the gross sample for reduction as detailed in 6.2. 





                        

For each lot, there will be as many laboratory samples as the number of sub-lots. These laboratory samples shall be placed in suitable containers.
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                                    FIG. 3 STAGES IN REDUCING A GROSS SAMPLE















6.2.1 Reduction by Riffle Divider - After each crushing, ore shall be well mixed and poured into the riffle divider. This process shall be repeated during riffle division of different sizes according to the sizes of the crushed ore. The types and dimensions of Riffle Divider are given below (see Fig ** and Table **):



[image: ]





Fig ** example of Riffle sampler















Table ** Dimensions of riffle sampler (all dimensions are in mm)



		Number of riffle sampler

		60

		50

		30

		20

		10

		6



		Number or riffles

		12

		12

		12

		16

		16

		16



		Riffle sampler body

		A

		60 ±1

		50±1

		30±1

		20±1

		10±0.5

		6±0.5



		

		B

		760

		630

		380

		346

		171

		112



		

		C

		300

		250

		170

		105

		55

		40



		

		D

		600

		500

		340

		210

		110

		80



		

		E

		360

		300

		200

		135

		75

		60



		

		F

		60

		50

		30

		30

		20

		20



		

		G

		340

		340

		340

		210

		110

		80



		

		H

		230

		200

		140

		85

		45

		30



		

		J

		770

		640

		390

		360

		184

		120



		

		K

		240

		220

		220

		140

		65

		55



		Sample receiver

		L

		240

		220

		220

		140

		65

		55



		

		M

		340

		340

		340

		210

		110

		80



		

		N

		300

		250

		170

		105

		55

		40



		

		P

		80

		75

		55

		35

		20

		15



		

		Q

		340

		340

		340

		210

		110

		80



		Sample feeding container

		R

		760

		630

		380

		346

		171

		112



		

		S

		400

		400

		300

		200

		120

		80



		

		T

		265

		265

		200

		135

		70

		45



		

		U

		200

		200

		150

		105

		50

		35









6.2.2 Coning and Quartering Method - In this method the crushed ore shall be-well mixed and then scooped into a cone shaped pile. Care shall be taken to drop each scoopful over the same spot to ensure even distribution of lumps and fines on all sides of the cone.



After the cone is formed it shall be flattened by pressing the top of the cone with the smooth surface of the scoop. Then it is cut into quarters by the lines which intersect at right angle at the center of the base of the cone. The bulk of the sample is reduced to half by rejecting any two diagonally opposite quarters. This process may be repeated till the required amount of sample is obtained. The procedure is illustrated below (see Fig **): 





[image: ][image: ]



Fig ** Shows illustration of Coning and Quartering Method





6.2.3 Increment Reduction Method - The crushed ore shall be spread on a smooth non-moisture-absorbing plate into a uniform flat rectangle with the thickness specified in Table 3. This method consists of two types of sampling procedures given as follows: 



a) Increment Reduction Method (20 divisions): The rectangle so formed shall be divided into 5 equal parts lengthwise and 4 equal parts breadthwise (see Fig. 4). From each of the 20 parts so obtained, equal quantities of ore, not less than that specified in Table 3 shall be collected with the help of a suitable scoop and combined together to form the reduced sample
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Fig 4   MANUAL INCREMENT DIVISION METHOD (Example of 20 divisions)



b) Increment Reduction Method (4 divisions): The rectangle so formed shall be divided into two equal parts lengthwise and breadthwise (see Fig 5). From each of the 4 parts so obtained, equal quantities of ore, not less than that specified in Table 3 shall be collected with the help of a suitable scoop and combined together to form the reduced sample.
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Fig 5   MANUAL INCREMENT DIVISION METHOD (Example of 4 divisions)







TABLE 3 THICKNESS OF THE LAYERS AND QUANTITIES TO BE COLLECTED FROM EACH PART

(Clause 6.2.3)



		Size of ore

		Thickness of layer

		Minimum quantity to be obtained from each part



		(1)

mm

		(2)

mm

		(3)

g



		10

		30 to 40

		250



		5

		25 to 35

		150



		1.70

		15 to 25

		40



		085

		10 to 20

		30









6.3 Sampling from Slurry: 

A slurry is defined as Chrome ore of nominal top size <1 mm that is mixed with water. Sampling of slurries should preferably be carried out by systematic sampling in 2 ways

a) on a time basis (see Annex 1)

b) mechanically cut free-falling streams (see Annex 1)

Note: If needed, any other sampling procedure can be used for slurry samples as agreed to between the purchaser and the supplier.
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7. NUMBER OF TESTS



7.1 Moisture Determination - All the moisture samples representing a, lot shall be tested individually for moisture content. If needed, for each gross sample moisture determination shall be carried out, in duplicate. To avoid any change in the moisture content, the moisture determination shall be done as quickly as possible.



7.2 Laboratory Samples for Chemical Analysis - The laboratory samples shall be obtained after the material is pulverized to pass through 150-micron IS sieve. The materials obtained shall be divided into 3 or more equal parts, as required by the purchaser, the supplier, the referee and others if any. All the laboratory samples shall be preserved in dry, clean, and well-stoppered containers and labelled with full identification particulars like source of the ore, category of the ore, supplier’s name, lot number, date and place of sampling, the vessel’s name in the case of shipment; and number of wagons/trucks in case of wagon/truck sampling.

Unless otherwise agreed to between the purchaser and the supplier, the following schedule of testing should be followed:

  

                    

                                   



Chemical constituents

		For which individual laboratory samples to be analyzed

		For which a composite sample to be analyzed



		a) Chromic oxide

b) Silica

c) Iron

		a) Phosphorus

b) Sulphur

c) Alumina

d) Magnesium oxide

e) Calcium oxide

f) Ferrous oxide (Fe2O)





                                                                               

		          

8. REPORTING



8.1 Reporting of Moisture Content -The result obtained from ith sub-lot shall be denoted by xi. In case duplicate test results are obtained from ith sub-lot, average of these two results shall be denoted as x̄i. The average moisture content of chrome ore in a lot shall be calculated as below:



Average moisture content =    



Where,

wi is the mass of the ith sub-lot

The symbol ∑ stands for summation over all i’s.



8.2 Reporting of Chemical Composition



8.2.1 For those characteristics, where a composite sample has been tested, only one test will be available and that result shall be reported as the value of the characteristic for the lot sampled. 



8.2.2 When only two laboratory samples have been analysed individually from a lot the average of the two available test results, shall be reported as the value of the characteristics for the lot sampled. If the masses of the two sub-lots differ substantially, the weighted average of the two results  shall be taken as the value for the lot. The individual results shall also be reported to give an indication of the range of variation in quality.



8.2.3 When three or more laboratory samples from a lot have been analysed individually with reference to any characteristic the following procedure shall be followed to assess average quality of the lot and its limits of variation.



Let x1, x2, x3,……..xn be the results of analysing ‘n’ laboratory samples for a particular characteristic.





Calculate,

Average   (x̄) =     100   

if n sub lots are n of approximately Equal masses      

						



or weighted average (x̄) =               





if w1, w2………………….wn  are the masses of n sub-slots;

Range ( R ) = the difference between the maximum and the minimum of the test results.







The average level of the characteristics in the lot shall be reported as equal to (x̄).



The limits of the variation in the average level of the lot shall be reported as (x̄ = hR) where h is a factor, the value of which depends on the number of samples analysed. he appropriate value of the factor h shall be as given below:



		Number of Laboratory Samples Analyzed

		Value of Factor

‘ h’



		3

		1.30



		5

		0.51



		7

		0.33



		9

		0.25



		11

		0.21







         























									IS: -8562 - 1977





INDIAN STANDARDS ON SAMPLING



436 (Part I)-1964 Methods for sampling of coal and coke: Part I Sampling of  

                             Coal section 1 manual sampling

436 (Part II)-I965 Methods for sampling of coal and coke: Part II Sampling of coke revised

1289-1960    Methods for sampling of mineral gypsum

1405-2010    Iron ores - Sampling and sample preparation - Manual method (Third Revision)

1449-2010    Methods of sampling of manganese ores (Second Revision)

1472-1977    Methods for sampling ferro alloys for determination of chemical composition

                      (First revision)

1811-1984    Methods of sampling foundry sands (First Revision) 

1817-1961    Methods of sampling non-ferrous metals for chemical analysis

1999-1987    Methods of sampling bauxite (First Revision)

2051-1976    Methods for sampling of leather footwear (First Revision)

2109-1982    Methods of sampling dolomite, limestone and other allied materials (First Revision)

2245-1962    Methods of sampling quartzite

2246-l 963    Methods of sampling fluorspar (fluorite)

2430-1986    Methods for sampling of aggregates for concrete

2817-1965    Methods for sampling of coated abrasives
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3259-1966    Methods for sampling of metal containers

3535-1986    Methods of sampling hydraulic cements

3611-2000    Tea - Sampling (Second Revision)
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4426-1992    Methods for sampling laboratory glassware (First Revision)
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5599-1999    Rubber - Raw natural and synthetic - Methods for sampling and sample preparation (First Revision)      

5868-1983    Method of sampling for leather (First Revision)

6907-1992    Steel castings - Methods of sampling (First Revision)
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New Clauses to be added: 

 

1) Annexure for Symbols to be attached (to be included once draft standard is prepared) 

2) General matters (Given below).

3) Sampling from Slurry (Clause 6 and Annex 1 attached below)





New Clause: 

General matters

4.1 Summary of sampling and sample preparation — The summary of sampling and sample preparation shall be as follows (see Fig. 2):

(1)  Decide the lot intended for sampling and sample preparation.

(2)  Take the required number of increments with the specified size out of the whole lot at random or systematically during movement of lot.

(3)  Prepare the test sample by size reduction and reducing every increment, every sub-sample or every gross sample as required.



       Fig. 2. Summary of sampling and sample preparation (An example)
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4.2 Handling of sample — Cares shall be taken avoid losing or deteriorating a sample throughout the period of sampling, sample preparation and measurement.

         Further, the devices to be used shall be sufficiently cleaned so that foreign substances cannot be mixed in the sample.

(1) Sample container ― The sample container shall be as follows:



(a) The container used for transporting or storing various kinds of samples shall be such that it can accommodate complete quantity of samples and be clean and rigid and further, it can be covered with a lid or be sealed securely.



       (b)  Specially, the container of sample for moisture content shall be airtight and be made of        materials free from corrosions and moreover, its inside shall be free from corrosions and the like.



              Remarks: The straw bag, hemp bag, etc. are unsuitable for the container of sample for moisture content.



(2)  Marking of sample for constituent test ― The sample for constituent test shall be marked on the package with the following items, as a rule:

(a)  Name of article and name of lot

(b)  Name of sample or its symbol

(c)  Dates of sampling and sample preparation

(d)  Name of factory of sampling and sample preparation

(e)  Name of responsible person for sampling and sample preparation

(3)  Storage of sample ― The storage of sample shall be as follows:

      (a)  The constituent test sample shall be stored after preparing and sealing up, as a rule, for three months for domestic trade and for six months for foreign trade.



      (b)  Cares shall be taken for the storage place of the sample to be free from being affected by temperature, humidity, direct rays of the sun, etc. The sample shall be sealed up at the time of storage and cares shall be taken particularly on the materials of container for the sample easily oxidized.



(4)  Sending of sample ― The sample other than the constituent test sample shall not be sent, as a rule. However, when it is sent inevitably, the sending method shall be as agreed upon between the parties concerned with delivery.



4.3 Determination of average quality ― The average quality shall be determined in accordance with any one of the following methods: 

(1)  When measurement is performed on gross sample, the measured value shall be taken as the determined value of the average quality of the lot.



(2)  When measurements is performed on each-sample, the weighted average of measured values shall be taken as the determined value of the average quality of the lot.



(3)  When measurement is performed on each increment, the average of measured values shall be taken as the determined value of the average quality of the lot.



4.4 Rounding-off of numerical value ― The rounding-off numerical value shall be in accordance with IS 2.

















Annex 1

1 Time-basis sampling 

1.1 General 

Sampling of slurry streams is usually carried out on a time basis rather than a mass basis. Time-basis sampling involves the following steps. 

a) Determine the size of the lot, e.g. an hour, a shift, or a day’s production. 

b) Distribute the required number of increments, on a uniform time basis, throughout the total time, tL, for sampling each lot. 

c) Extract slurry increments of volume proportional to the slurry flow rate at the time of taking each increment. 



1.2 Sampling interval 

The interval between taking increments for time-basis sampling is as follows:





Where,

Δt is time interval between taking increments, in minutes;

tL is the production time allocated to each lot, in minutes; 

n1 is the number of primary increments determined in Table 2. 



1.3 Taking of increments 

Each slurry increment shall be taken by a single traverse of the sampling device. The first increment shall be taken at a time selected at random within the first time interval. Thereafter, the remaining increments shall be taken at fixed time intervals according to Formula (given in 1.2) until the end of the lot. 



The fixed time interval between increments should be no larger than that calculated using Formula (given in 1.2) to ensure that the number of increments taken will be at least the minimum number of primary increments specified.



2 Mechanical sampling from moving streams

2.1 General 

A wide range of different mechanical sample cutters are available, so it is not possible to specify any particular type that should be used for specific sampling applications.



Only mechanical cutters that take a complete cross-section of the stream in one cut shall be used. Sampling devices that take only a part of the stream in one operation do not collect representative samples and hence are not recommended.



2.2 Location of sample cutters 

The location of sample cutters is chosen according to the following criteria:

a) Sample cutters shall be located at a point which affords access to the complete slurry stream;

b) Sampling shall be performed at a point in the handling system where there is no apparent risk of errors due to a periodic variation in material feed or quality, e.g. away from pulsating slurry pumps; 

c) Sampling shall be performed as close as possible to the point where the quality characteristics are to be determined.

2.3 Taking of increments 

Each slurry increment shall be taken by a single traverse of the sampling device. The first increment shall be taken at a time selected at random within the first time interval. Thereafter, the remaining increments shall be taken at fixed time intervals according to Formula (given in 1.2) until the end of the lot. 



The fixed time interval between increments should be no larger than that calculated using Formula (given in 1.2) to ensure that the number of increments taken will be at least the minimum number of primary increments specified.



3 Volume of increment for falling stream samplers to avoid bias 



3.1 Linear cross-stream cutter 

At any sampling stage, the volume of each slurry increment taken by a linear cross-stream cutter can be calculated as follows:

                                             (1)



Where,

Gl is the volume of increment, in cubic metres; 

q is the slurry flow rate, in cubic metres per second; 

l1 is the cutting aperture of the sampler, in metres; 

vc is the cutter speed, in metres per second.

 

However, there are strict limits on the minimum cutter aperture and the maximum cutter speed to ensure the cutter takes an unbiased sample. These limits in turn impose a lower limit on the volume of increment calculated using Formula (1) that needs to be collected to minimize bias. 



From the volume of increment calculated using Formula (1), the mass of solids contained in the slurry increment can then be calculated using Formula (2):

                                         (2)

Where,

ml is the mass of solids contained in the increment, in kilograms; 

ρs is the slurry density, in kilograms per cubic metre; 

x is the percentage solids mass fraction in the slurry. 



3.2 Vezin cutter 

At any sampling stage, the volume of each slurry increment taken by a Vezin cutter can be calculated as follows: 

                                                        (3) 

Where, 

Gl is the volume of increment, in cubic metres;

q is the slurry flow rate, in cubic metres per second; 

θ is the cutter aperture opening, in degrees; 

R is the rotating speed of the cutter, in revolutions per minute. 



Once again, there are strict limits on the minimum cutter aperture and the maximum cutter speed to ensure the cutter takes an unbiased sample. These limits, in turn, impose a lower limit on the volume of increment calculated using Formula (3) that needs to be collected to minimize bias. From the volume of increment calculated using Formula (3), the mass of solids contained in the slurry increment can then be calculated using Formula (2).
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FOREWORD 

 (Formal clause to be added later) 

The Standard was first published in 1977. 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) Addition of clause: Sampling by Mechanical means. 

b) Addition of clause on General Matters 

c) Clause 5.1 has been modified by adding “Other sizes may be considered as agreed between buyers and sellers. 

d) The Figure 3 has been modified.  

e) “Hard Ore” Grade is Replaced with “Hard Lump Ore” Grade throughout the standard. 

f) Sampling from slurry is included in Clause 6 

The primary object of sampling of any material is to draw an inference about the quality of the lot on the basis of information derived from the sample. If the consignment is of uniform nature the inference so drawn is almost precise, which gives an accurate estimate of the quality, but when the material is heterogeneous in nature as is often the case with any raw material, the method by which sample is obtained becomes critical in inferring about the quality of the consignment. 

The efficiency of sampling largely depends on the degree of homogeneity of the consignment and the size of sample. In case of heterogeneous consignment obviously the size of the sample should be more to arrive at an accurate estimate of the quality.  

For the purpose of sampling, chrome ore has been divided into three categories namely, 

a) Friable, 

b) Hard Lump and 

c) Fines and Concentrates. 

Friable ore consists of all sizes up to 200 mm. Hard lump ore consists of all sizes up to 200 mm, which is not friable. Fines and Concentrates consist of sizes not exceeding 3 mm.  

For obtaining reliable conclusion it has been recommended that as far as possible chrome ore be sampled when in motion that is during loading or unloading or from conveyor. When sampling of chrome ore from stock piles becomes-inevitable, sectional or trench sampling method may be used from stock piles up to a maximum height of 1.5 meters but the representativeness of the sample drawn in this manner cannot be assured and hence the reliability of the conclusion may not be free from any bias.  

In the formulation of this standard due consideration has been given to international standards and practices prevailing in different countries. In the preparation of this standard considerable assistance has been derived from the following standards: 

a) ISO 6153:1989 chromium Ores –Increment Sampling              

b) ISO 3082:2009 Iron ores- Sampling and sample Preparation Procedures. 

c) ISO 6154:1989 Chromium Ores- Preparation of Samples 

d) ISO 16742: 2014 Iron ores — Sampling of slurries 

e) IS 1405: Iron ores — sampling and sample preparation — manual method 

f) JIS M 8100:    Particulate materials – General rules for methods of sampling

For the determination of size distribution of chrome ore, sieves conforming to IS 460 : 1985 (Part 2) shall be used. During preparation of laboratory sample, Sieves conforming to IS 460 : 1985 (Part 1) shall be used. When such sieves are not available other qualified standard sieve adjudged by the aperture may be used. For corresponding sizes of BS and ASTM sieves reference may be made to IS 460 : 1985 (Part 1) and IS 460 : 1985 (Part 2). 

For the purpose of deciding whether particular requirement of this standard is complied with, the final value, observed or calculated, expressing the result of a test or analysis, shall be rounded off in accordance with IS 2: 1960 ‘Rules for rounding off numerical values(revised).’ The number of significant places retained in the rounded off value should be the same as that of the specified value in this standard. 

 

 

 

 

 

 

 

 

 

Draft  Indian Standard 

 SAMPLING CHROME ORE - METHODS

 (First Revision of IS 8562)

1 SCOPE              

This standard prescribes the method of sampling of chrome ore from conveyor wagon, trucks ships and stock piles for the determination of size distribution moisture content and chemical composition of the ore in the lot. It also includes the method for reporting the quality of the material sampled. 

2 REFERENCE 

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 listed below: 

		IS No. 

		Title 



		460

		



		Part-1 

		



		Part-2

		





3 TERMINOLOGY 

For the purpose of this standard, the following definitions shall apply. 

3.1 Friable core 

Ore which is liable to crumble and generate fines in handling operations and consist of all sizes up to 200 mm.  

3.2 Hard Lump Ore 

Ore of size up to 200 mm which is not friable.

3.3 Fines and Concentrates 

Ore of sizes not exceeding 3 mm.  

3.4 Lot 

The quantity of ore indicated of the same category and offered for inspection at one time of a lot may consist of whole or part of the quantity ordered for.  

3.5 Sub-lot

The quantity of ore of a lot which has been divided into proportionate quantities for the purpose of sampling. 

3.6 Increment 

The quantity of ore obtained by a sampling device at one time from a lot or sub-lot. The quantity of a single increment is called size of increment. 

3.7 Unit Sample

The quantity of ore collected at one point in sectional sampling or at one time from the conveyor. 

3.8 Gross Sample

Sample as collected from a sub-lot that is the quantity of ore of several increments or unit samples taken from a sub lot. 

3.9 Size Sample

Sample taken for determination of particle size distribution of the lot or sub-lot.  

3.10 Laboratory Sample

The quantity of ore obtained by reducing a gross sample following the specified procedure and   indicated for laboratory test. 

3.11 Moisture Sample 

The sample to be used for determination of moisture content of the lot or sub-lot.

3.12 Composite Sample 

The quantity of ore obtained by mixing together proportionate quantities of ore from each of the laboratory sample representing the sub-lot into which a lot has been divided.

4 METHODS OF SAMPLING 

4.1 Division of Lot into Sub-lots

For the purpose of sampling, a lot shall be divided into a number of sub-lots of approximately equal mass as specified in Table 1. 



		Table 1 Minimum Number of Sub-Lots into Which a Lot is to be Divided

(Clauses 4.1, 5.1.2.1, 5.2.1, 5.2.2.1 and 5.3.1) 



		MASS OF THE LOTS IN TONNES 

(1) 

		MINIMUM NUMBER OF SUB-LOTS 

(2) 



		Up to 1 500 

		2 



		1 501 to 3 000 

		3 



		3 001 to 5 000 

		5 



		5 001 to 7 000 

		7 



		7 001 to 10 000 

		9 



		10 001 and above 

		11 



		NOTE — When it is not possible to have sub-lots of approximately equal masses sub-lots of varying masses may also be permitted. 





4.1.1 Representative gross sample shall be drawn from each of the sub-lots and shall be kept separately. Thus there will be as many gross samples as the number of sub-lots into which the lot has been divided.  

4.2 The number of increments to be taken from a sub-lot for making the gross sample shall be governed by the mass of the gross sample and the mass of the increment as specified in Table 2 for various categories of the ore. These increments shall be evenly distributed over sub-lots. The increments shall be drawn with a suitable sampling scoop at regular intervals. 

		Table 2 Minimum Mass of the Gross Sample and Minimum Number of Increments 

(Clauses 4.2, 5.1.2.1, 5.2.2.1, 5.3.2, 5.4.2, 5.4.5, 5.5.5 and A-1.2) 



		Sl. No. 

		CATEGORY OF CHROME ORE 

		MASS OF GROSS SAMPLE 

		MASS OF INCREMENT, APPROX 

		NO. OF 

INCREMENTS 



		(1)

		(2)

		(3)

		(4)

		(5)



		

		 

		Kg 

		Kg 

		 



		i) 

		Hard Lump 

		480 

		8 

		60 



		ii) 

		Friable 

		200 

		4 

		50 



		iii) 

		Fines and Concentrates 

		100 

		2.5 

		40 



		NOTE — All the Increment samples from Fines and Concentrates shall be obtained using sampling scoop of 4 Kg.





5 SAMPLING FROM VARIOUS AREAS

5.1 Sampling from Conveyors 	 	 	 	 	 	 	 

5.1.1 Location of Sampling 

When consignment is transported by means of belt conveyor, increments may be collected at a fixed location from the belt conveyor at its discharging ends/transfer points. 

5.1.2 Sampling Method 

5.1.2.1 The periodic systematic sampling should be carried out with random start. The lot shall be divided into a number of sub-lots of approximately equal mass as specified in Table 1. This can be done by dividing the total duration of movement of ore into a number of equal intervals corresponding to the number of sub-lots keeping in view of the rate of discharge. 

The number of increments to be taken from a sub-lot is given in Table 2 and depends on the category of ore and the size of the increments. The number shall be evenly distributed over the sub-lot. The increment shall be drawn with the help of suitable sampling scoop (see Fig. 1 and 2) at regular intervals. 

5.1.2.2 The increments shall preferably be taken from the running belt conveyor at a fixed place by cutting whole cross section and thickness of the ore stream with the sampling device in one operation. The receptacle shall be big enough not to allow overflowing.	 	 
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FIG.2 SAMPLING SCOOP 4-Kg

5.1.2.3 If it is practicable to stop the belt periodically, unit samples can also be drawn at a fixed location of the belt conveyor. The mass of each unit sample so drawn shall not be less than 70 kg and it shall be collected from the full width and thickness of the stream. The number of unit samples to be drawn at regular intervals to constitute a gross sample shall be as given below for different categories of chrome ore: 

		Category of ore 

		Minimum number of unit Samples for Sampling from Conveyors 



		Hard Lump 

		7 



		Friable 

		6 



		Fines and concentrates 

		2 





5.1.2.4 If it is not possible to draw samples from the belt in motion as in 5.1.2.2 or according to 5.1.2.3 the increments can be drawn from the center, the left and the right side of the ore stream of the belt along the same width from a moving conveyor belt. To ensure that very small materials is also correctly obtained in the sample the scoop should sweep the bottom of the conveyor belt. 

NOTE — Before collecting the increments or the unit samples, the speed of the conveyor and the quantity of the material passing over a certain point in a given time shall be ascertained so that an appropriate spacing of the increments or unit samples may be arranged over the whole of the lot. 

5.1.3 The material collected from various increments or unit samples in a sub-lot shall be aggregated and mixed together to constitute a gross sample. 

5.2 Sampling from Wagons/Trucks 

5.2.1 Sub-lots 

For the purpose of sampling all the wagons/trucks in a lot shall be divided into a suitable number of sub-lots of approximately equal mass in accordance with the requirements of Table 1.

5.2.1.1 A representative gross sample shall be drawn from each of the sub-lot land shall be kept separately. Thus there will be as many gross samples as the number of sub-lots into which a lot has been divided. 

5.2.2 In order to get representative gross sample, the ore shall be sampled as far as possible in a steady motion during loading or unloading of the wagons/trucks.  

5.2.2.1 All wagons/trucks to be selected for collecting sub lot samples quantity as per Table 1 from the sub-lot. The total number of increments to be taken from the wagons/trucks and the masses of the increments and the gross sample shall be in accordance with Table 2. 

Approximately equal number of increments shall be taken from each of the wagon/truck. The increments to be taken within a wagon/ truck shall be evenly distributed. These increments shall be drawn with the help of a suitable sampling scoop (see Fig. 1 and 2) at regular intervals at the time of loading or unloading of the wagons/trucks. 

NOTE — While taking the increments as prescribed above, if a large lump is encountered at any point and cannot be taken in the scoop it shall be picked up as such. Such lumps shall be accounted for in the determination of size distribution as given in 6 and in the reduction of gross sample as given in 7. 

5.2.3 Sampling from Wagon loaded trucks 

As far as possible sampling from loaded wagons/trucks is to be avoided. If it is inevitable, it may be carried out by sectional sampling method. By sectional sampling method at least 15 unit samples in the case of hard Lump and friable ores and at least five unit samples in the case of fine ores are to be collected from each sub-lot. The number of wagons/trucks equal to the number of unit samples shall be selected at random. On the surface of each of the selected wagons/trucks points will be selected at random where unit samples shall be collected by taking whole section of ore from top to bottom over the area of a circle of 25 cm diameter for hard Lump ore and friable ore and 15 cm diameter for concentrates and fines. 

5.3 Sampling from Ships 

5.3.1 For the purpose of sampling, the quantity of ore to be loaded into ship shall be divided into a suitable number of sub-lots preferably of approximately equal masses in accordance with Table 1. From each sub-lot a representative gross sample shall be taken. Thus, there will be as many gross samples as the number of sub-lots into which a lot has been divided.  

5.3.2 Sampling shall be carried out when the ore is in motion. If the ore is taken on the conveyor the gross sample shall be taken as described in 5.1. If not, the gross samples may be drawn during loading or unloading of the ships, by taking increments at equal intervals of time or quantity. The number and size of increments shall be as given in Table 2. 

NOTE ― Sampling from ship-holds shall preferably be avoided.

5.4 Sampling from Stock Piles 

5.4.1 Sampling of ores in stationary stock piles shall be avoided. The proper method of sampling is to collect the increment when the stock pile is being formed or dismantled.

5.4.2 Sub-lots 

For the purpose of sampling, it will be convenient to treat each stock pile as a lot or as a sub-lot, the number of sub-lots to be formed and the number of increments to be drawn from each sub-lot shall be according to Tables 1 and 2. From each sub-lot one gross sample shall be taken. 

5.4.3 When a stock pile is in process of being built or shifted increments maybe taken at regular intervals during the process in order that the ore in the entire stock pile is covered by sampling. 

5.4.4 Stationary Stock Piles 

When it becomes absolutely necessary to sample a stationary stock pile, sectional sampling (see 5.2.2) or trench sampling method (see 5.4.5) may be used for stock piles up to a maximum height of about 1.5 metres. In the case of sectional sampling, the requisite number of points shall be located at random on the entire surface of the sub-lot. 

5.4.5 Trench Sampling 

The gross samples shall be made up of the number of increments as specified in Table 2. These increments shall be collected as indicated below:                                                          

Along a randomly chosen line of chrome ore surface of the sub-lot, the trench shall be cut right down to the ground level leaving about 30 cm walking space at the ground level. From the trenches so cut the required number of increments shall be collected with the help of a suitable sampling scoop (see Fig. 1 and 2) at various points randomly spread over the two exposed sides of the trenches. In case of larger stock piles, in addition to the trenches the sides of the piles may also be opened to expose the ore at places where the trench does not expose the ore inside. The increments can be drawn from the sides of the exposed surface. 

5.5 Mechanical sampling 

5.5.1 The sampling of ores during the loading or unloading of wagons, ships, stores, bunkers and in forming stockpiles by means of continuous action handling devices shall be carried out, using mechanical sampling devices, on the stream of ore falling from one handling device to another at a fixed interval of mass or time. 

5.5.2 The number of cuttings by mechanical sampling devices shall be not less than the required number of increments. 

5.5.3 The interval between taking increments from a consignment tan be taken as a fixed interval of either mass or time and shall not be changed during the entire course of sampling of a consignment. 

5.5.4 For the purpose of sampling, it will be convenient to use the method specified in 5.1.2 which includes mass of sample to be drawn at each interval. 

5.5.5 The time interval between taking increments shall be determined using the equation 



where,  

 is the time interval between taking increments, in minutes; 

 is the mass of consignment, in tonnes; 

 is the maximum flow rate of the belt conveyor, in tonnes/ hour;  is the number of increments required as given in Table 2. 

6 DETERMINATION OF SIZE DISTRIBUTION 

6.1 When the gross sample from each sub-lot has been collected in the above manner it shall be first subjected to size determination using suitable sieves. The size distribution of hard Lump ore in a lot shall normally be estimated as recommended below:  

a) Over 200 mm, 

b) Over 100 mm and up to 200 mm, 

c) Over 10 mm and up to 100 mm, and 

d) 10 mm and below. 

The distribution of other sizes for Hard Lump ore may be estimated in a similar way. Other sizes may be considered as agreed between Purchaser and Seller.

NOTES — In the determination of ore size distribution IS Sieves of suitable sizes specified in IS 460 (Part 1) and IS 460 (part 2) shall be used. When such sieves are not available other qualified standard sieve adjudged by the aperture may be used. For corresponding sizes of BS and ASTM sieves reference may be made to IS 460 (part 1) and IS 460 (part 2). 

6.2 Size Distribution Made on Gross Samples Obtained from Aggregating Unit Samples.

6.2.1 Each gross sample shall be screened through selected IS Sieves and ore retained on each of the sieves and that passing through smallest sieves shall be weighed separately. Ore size distribution of the lot shall be estimated as follows: 

		a) Over 200 mm, percent

		=  



		b) Over 100 mm and up to 200 mm, percent

		=  



		c) Over 10 mm and up to 100 mm, percent

		= 



		d) 10 mm and below percent

		= 





Where, 

w1 w2, . . .. ...are the masses of the different gross samples; 

a1 a2, . . .... are the corresponding masses of ore, over 200 mm in size

bl, b2, . . .. ...are the corresponding masses of ore of sizes over 100 mm and up to 200 mm; 

c1, c2. . . . . ....are the corresponding masses of ore of sizes over 10mm and up to 100 mm; and 

d1, d2, . . .. ...are the corresponding masses of ore of sizes 10 mm and below.  

6.3 Gross Samples Obtained by Aggregating Increments 

6.3.1 Where gross samples do not contain any lumps, the procedure detailed in 6.2 shall be followed for estimating the ore size distribution in the lot, the percentage of ore over 200 mm being nil. 

6.3.2 Where the gross samples contain some lumps (see Note under 5.2.2.1) the portion of the gross samples excluding the lumps shall be treated as in 6.3.1. 

6.3.2.1 The ore size distribution of the lot shall be estimated as follows: 

		a) Over 200 mm, percent 

		=  



		b) Over 100 mm and up to 200 mm, percent

		=  



		c) Over 10 mm and     up to 100 mm, percent 

		=  



		d) 10 mm and below percent 

		=  





Where, 

 . . . . . . . are the masses of the different gross samples excluding the lumps;

 is the total number of lumps in all the gross samples; and 

, ,  are as defined in 6.2.1.   

NOTE ― Each lump is supposed to represent one increment of 8 kg for the Hard Lump ore. 

7 REDUCTION OF A GROSS SAMPLE 

7.1 Moisture Sample 

Each of the gross samples shall be sent first for size determination. Only after that sample preparation shall be conducted. For moisture determination moisture sample of 20 to 25 kg shall be taken from each gross sample in not less than 5 increments after crushing the ore to -10mm by mechanical or manual means. From this 20 to 25 kg material two or more samples of 1 kg each shall be drawn for moisture determination as specified in 8.1 or by any standard method. 

NOTE — If needed, separate moisture samples may be drawn from the sub-lot by any procedure as agreed to between the purchaser and the supplier. 

7.2 Preparation of Samples for Chemical Analysis 

Chrome ore in each gross sample shall be first crushed in a jaw-crusher or roll crusher or by manual labour using a hammer, pounder and a manganese steel plate till the ore in gross sample is of - 10 mm size. Duplicate moisture samples of 1 kg each may be collected at this stage. The rest of the ore shall be mixed well and reduced to a minimum of 20 kg which shall then be further processed in stages as detailed in Fig. 3 to prepare the laboratory samples for chemical analysis. The mass of each laboratory sample shall be at least 200 g. 

NOTE — The lumps obtained while drawing the increments shall be crushed separately and one scoop-full for each lump, approximately 8 kg for Hard Lump ore, shall be taken along with the ores of other sizes in the gross sample for reduction as detailed in 7.2.               

For each lot, there will be as many laboratory samples as the number of sub-lots. These laboratory samples shall be placed in suitable containers. 
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↓ 
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↓ 

CRUSHED TO -10 mm 

↓ 

MIXING AND REDUCTION
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MIXING AND REDUCTION TO 10 kg 
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↓ 
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150 micron IS SIEVE 

(LABORATORY SAMPLE FOR CHEMICAL ANALYSIS) 

 

 

                                    FIG.3 STAGES IN REDUCING A GROSS SAMPLE 




7.2.1 Reduction by Riffle Divider 

After each crushing, ore shall be well mixed and poured into the riffle divider. This process shall be repeated during riffle division of different sizes according to the sizes of the crushed ore. The types and dimensions of Riffle Divider are given below (see Fig 4 and Table 3): 

       [image: ] 

FIG. 4 EXAMPLE OF RIFFLE SAMPLER






		Table 3 Dimensions of Riffle Sampler

(Clause 7.2.1)

(All dimensions are in mm)



		Number of riffle sampler 

		60 

		50 

		30 

		20 

		10 

		6 



		Number or riffles 

		12 

		12 

		12 

		16 

		16 

		16 



		(1) 

		(2) 

		(3) 

		(4) 

		(5) 

		(6) 

		(7) 



		Riffle sampler body 

		A 

		60 ± 1 

		50 ± 1 

		30 ± 1 

		20 ± 1 

		10 ± 0.5 

		6 ± 0.5 



		

		B 

		760 

		630 

		380 

		346 

		171 

		112 



		

		C 

		300 

		250 

		170 

		105 

		55 

		40 



		

		D 

		600 

		500 

		340 

		210 

		110 

		80 



		

		E 

		360 

		300 

		200 

		135 

		75 

		60 



		

		F 

		60 

		50 

		30 

		30 

		20 

		20 



		

		G 

		340 

		340 

		340 

		210 

		110 

		80 



		

		H 

		230 

		200 

		140 

		85 

		45 

		30 



		

		J 

		770 

		640 

		390 

		360 

		184 

		120 



		

		K 

		240 

		220 

		220 

		140 

		65 

		55 



		Sample receiver 

		L 

		240 

		220 

		220 

		140 

		65 

		55 



		

		M 

		340 

		340 

		340 

		210 

		110 

		80 



		

		N 

		300 

		250 

		170 

		105 

		55 

		40 



		

		P 

		80 

		75 

		55 

		35 

		20 

		15 



		

		Q 

		340 

		340 

		340 

		210 

		110 

		80 



		Sample feeding container 

		R 

		760 

		630 

		380 

		346 

		171 

		112 



		

		S 

		400 

		400 

		300 

		200 

		120 

		80 



		

		T 

		265 

		265 

		200 

		135 

		70 

		45 



		

		U 

		200 

		200 

		150 

		105 

		50 

		35 



		NOTES

1 A is the specified dirnension. The other dimensions are shown for example. 

2 The number of riffles shall be even and not less than the number specified in the above table. 

3 The Sample receivers shall be fitted tightly to the opening of the divider to avoid scattering any fine ores. 

4 The inside surface of the divider shall be smooth and free from rust





 

 

7.2.2 Coning and Quartering Method 

In this method the crushed ore shall be-well mixed and then scooped into a cone shaped pile. Care shall be taken to drop each scoopful over the same spot to ensure even distribution of lumps and fines on all sides of the cone. 

After the cone is formed it shall be flattened by pressing the top of the cone with the smooth surface of the scoop. Then it is cut into quarters by the lines which intersect at right angle at the center of the base of the cone. The bulk of the sample is reduced to half by rejecting any two diagonally opposite quarters. This process may be repeated till the required amount of sample is obtained. The procedure is illustrated below (see Fig 5):  

		[image: ]Heap up crushed sample into a cone on the hard and clean plane.

		[image: ]Level the cone/sample so that the cone shall be pushed down from its top vertically and repeat the operation once and twice more at other place. 



		[image: ]



Divide the sample into four fan-formed equal pants. Samples divided into four equal parts.

		

[image: ]B

B

A

A



Take A and A diagonally, and discard B and B.



		[image: ]Repeat the above mentioned operations by the use of sample reduced by half after one cycle till the desired sample is obtained.





FIG.5 SHOWS ILLUSTRATION OF CONING AND QUARTERING METHOD

7.2.3 Increment Reduction Method 

The crushed ore shall be spread on a smooth non-moisture absorbing plate into a uniform flat rectangle with the thickness specified in Table 4. This method consists of two types of sampling procedures given as follows:  

7.2.3.1 Increment Reduction Method (20 divisions)

The rectangle so formed shall be divided into 5 equal parts lengthwise and 4 equal parts breadthwise (see Fig. 6). From each of the 20 parts so obtained, equal quantities of ore, not less than that specified in Table 4 shall be collected with the help of a suitable scoop and combined together to form the reduced sample  



 

 [image: ]

 FIG. 6 MANUAL INCREMENT DIVISION METHOD (Example of 20 divisions) 

7.2.3.2 Increment Reduction Method (4 divisions)

The rectangle so formed shall be divided into two equal parts lengthwise and breadthwise (see Fig 7). From each of the 4 parts so obtained, equal quantities of ore, not less than that specified in Table 4 shall be collected with the help of a suitable scoop and combined together to form the reduced sample. 



 

 

 

 

[image: ]

FIG. 7 MANUAL INCREMENT DIVISION METHOD (Example of 4 divisions)



		Table 4 Thickness of the Layers and Quantities to be Collected from Each Part

(Clause 7.2.3, 7.2.3.1 and 7.2.3.2)



		 Size of ore 

		Thickness of layer 

		Minimum quantity to be obtained from each part 



		(1) 

mm 

		(2) 

mm 

		(3) 

g 



		10 

		30 to 40 

		250 



		5 

		25 to 35 

		150 



		1.70 

		15 to 25 

		40 



		085 

		10 to 20 

		30 





7.3 Sampling from Slurry 

A slurry is defined as Chrome ore of nominal top size < 1 mm that is mixed with water. Sampling of slurries should preferably be carried out by systematic sampling in 2 ways 

a) On a time, basis (see Annex A) 

b) Mechanically cut free-falling streams (see Annex A) 

Note - If needed, any other sampling procedure can be used for slurry samples as agreed to between the purchaser and the supplier.	 	  

8 NUMBER OF TESTS 

8.1 Moisture Determination 

All the moisture samples representing a, lot shall be tested individually for moisture content. If needed, for each gross sample moisture determination shall be carried out, in duplicate. To avoid any change in the moisture content, the moisture determination shall be done as quickly as possible. 

8.2 Laboratory Samples for Chemical Analysis

The laboratory samples shall be obtained after the material is pulverized to pass through 150-micron IS sieve. The materials obtained shall be divided into 3 or more equal parts, as required by the purchaser, the supplier, the referee and others if any. All the laboratory samples shall be preserved in dry, clean, and well-stoppered containers and labelled with full identification particulars like source of the ore, category of the ore, supplier’s name, lot number, date and place of sampling, the vessel’s name in the case of shipment; and number of wagons/trucks in case of wagon/truck sampling. 

Unless otherwise agreed to between the purchaser and the supplier, the following schedule of testing should be followed: 

Chemical constituents 



		For which individual laboratory samples to be analyzed 

		For which a composite sample to be analyzed



		a) Chromic oxide 

b) Silica 

c) Iron 

		a) Phosphorus 

b) Sulphur 

c) Alumina 

d) Magnesium oxide 

e) Calcium oxide 

f) Ferrous oxide (Fe2O) 





9 REPORTING 

9.1 Reporting of Moisture Content 

The result obtained from ith sub-lot shall be denoted by xi. In case duplicate test results are obtained from ith sub-lot, average of these two results shall be denoted as x̄1. The average moisture content of chrome ore in a lot shall be calculated as below: 

		Average moisture content

		=   





Where,

  is the mass of the ith sub-lot 

The symbol ∑ stands for summation over all i’s. 

9.2 Reporting of Chemical Composition  

9.2.1 For those characteristics, where a composite sample has been tested, only one test will be available and that result shall be reported as the value of the characteristic for the lot sampled.

9.2.2 When only two laboratory samples have been analysed individually from a lot the average of the two available test results, shall be reported as the value of the characteristics for the lot sampled. If the masses of the two sub-lots differ substantially, the weighted average of the two results

 shall be taken as the value for the lot. The individual results shall also be reported to give an indication of the range of variation in quality. 

9.2.3 When three or more laboratory samples from a lot have been analysed individually with reference to any characteristic the following procedure shall be followed to assess average quality of the lot and its limits of variation. 

Let be the results of analysing ‘’ laboratory samples for a particular characteristic.  

Calculate, 

		Average   (X̅)

		=   





Where,

 n sub lots are n of approximately equal masses       

		or weighted average (X̅)

		=   





Where,

  are the masses of n sub-slots; and 

Range (R) = the difference between the maximum and the minimum of the test results. 

The average level of the characteristics in the lot shall be reported as equal to (X̅). 

The limits of the variation in the average level of the lot shall be reported as (x̄ ± hR) where h is a factor, the value of which depends on the number of samples analysed. The appropriate value of the factor h shall be as given below: 




		 Number of Laboratory Samples Analyzed

		Value of Factor

‘ h’



		3

		1.30



		5

		0.51



		7

		0.33



		9

		0.25



		11

		0.21





 

          	 	 	 	




Annex A

(Clause 7.3)

A-1 Time-Basis Sampling  

A-1.1 General  

Sampling of slurry streams is usually carried out on a time basis rather than a mass basis. Time basis sampling involves the following steps.  

a) Determine the size of the lot, e.g. an hour, a shift, or a day’s production.  

b) Distribute the required number of increments, on a uniform time basis, throughout the total time, “” for sampling each lot.  

c) Extract slurry increments of volume proportional to the slurry flow rate at the time of taking each increment.  

 

A-1.2 Sampling Interval  

The interval between taking increments for time-basis sampling is as follows: 



Where, 

 is time interval between taking increments, in minutes; 

 is the production time allocated to each lot, in minutes; and

 is the number of primary increments determined in Table 2

 A-1.3 Taking of Increments  

Each slurry increment shall be taken by a single traverse of the sampling device. The first increment shall be taken at a time selected at random within the first time interval. Thereafter, the remaining increments shall be taken at fixed time intervals according to Formula (given in 1.2) until the end of the lot.  

The fixed time interval between increments should be no larger than that calculated using Formula (given in 1.2) to ensure that the number of increments taken will be at least the minimum number of primary increments specified. 

A-2 Mechanical Sampling from Moving Streams 

A-2.1 General  

A wide range of different mechanical sample cutters are available, so it is not possible to specify any particular type that should be used for specific sampling applications. 

 

Only mechanical cutters that take a complete cross-section of the stream in one cut shall be used. Sampling devices that take only a part of the stream in one operation do not collect representative samples and hence are not recommended. 

A-2.2 Location of Sample Cutters  

The location of sample cutters is chosen according to the following criteria: 

a) Sample cutters shall be located at a point which affords access to the complete slurry stream; 

b) Sampling shall be performed at a point in the handling system where there is no apparent risk of errors due to a periodic variation in material feed or quality, e.g. away from pulsating slurry pumps;  

c) Sampling shall be performed as close as possible to the point where the quality characteristics are to be determined. 

A-2.3 Taking of Increments  

Each slurry increment shall be taken by a single traverse of the sampling device. The first increment shall be taken at a time selected at random within the first time interval. Thereafter, the remaining increments shall be taken at fixed time intervals according to Formula (given in 1.2) until the end of the lot.  

The fixed time interval between increments should be no larger than that calculated using Formula (given in 1.2) to ensure that the number of increments taken will be at least the minimum number of primary increments specified. 

A-3 Volume of Increment for Falling Stream Samplers to Avoid Bias  

A-3.1 Linear Cross-Stream Cutter  

At any sampling stage, the volume of each slurry increment taken by a linear cross-stream cutter can be calculated as follows: 

                              (1)

Where, 

 is the volume of increment ( m3 );  

 is the slurry flow rate ( m3/s );  

 is the cutting aperture of the sample ( m ); and

 is the cutter speed ( m/s ). 

However, there are strict limits on the minimum cutter aperture and the maximum cutter speed to ensure the cutter takes an unbiased sample. These limits in turn impose a lower limit on the volume of increment calculated using Formula (1) that needs to be collected to minimize bias.  

From the volume of increment calculated using Formula (1), the mass of solids contained in the slurry increment can then be calculated using Formula (2): 

                       (2)

Where, 

 is the mass of solids contained in the increment (Kg);  

 is the volume of increment; (m3);  

 is the slurry density, Kg/m3; and

 is the percentage solids mass fraction in the slurry. 

A-3.2 Vezin cutter  

At any sampling stage, the volume of each slurry increment taken by a Vezin cutter can be calculated as follows:  

                                    (3)

Where,  

 is the volume of increment, in cubic metres; 

 is the slurry flow rate, in cubic metres per second;  

 is the cutter aperture opening, in degrees;  

 is the rotating speed of the cutter, in revolutions per minute.  

Once again, there are strict limits on the minimum cutter aperture and the maximum cutter speed to ensure the cutter takes an unbiased sample. These limits, in turn, impose a lower limit on the volume of increment calculated using Formula (3) that needs to be collected to minimize bias. From the volume of increment calculated using Formula (3), the mass of solids contained in the slurry increment can then be calculated using Formula (2). 






Annex-B

General matters

B.1 Summary of Sampling and Sample Preparation 

The summary of sampling and sample preparation shall be as follows (see Fig. 8): 

a) Decide the lot intended for sampling and sample preparation. 

b) Take the required number of increments with the specified size out of the whole lot at random or systematically during movement of lot. 

c) Prepare the test sample by size reduction and reducing every increment, every sub-sample or every gross sample as required.

[image: ] 

FIG.8 SUMMARY OF SAMPLING AND SAMPLE PREPARATION (An example)

B-2 Handling of Sample 

Cares shall be taken avoid losing or deteriorating a sample throughout the period of sampling, sample preparation and measurement. 

         Further, the devices to be used shall be sufficiently cleaned so that foreign substances cannot be mixed in the sample. 

B-2.1 Sample Container 

The sample container shall be as follows: 

a) The container used for transporting or storing various kinds of samples shall be such that it can accommodate complete quantity of samples and be clean and rigid and further, it can be covered with a lid or be sealed securely.  

b) Specially, the container of sample for moisture content shall be airtight and be made of        materials free from corrosions and moreover, its inside shall be free from corrosions and the like. 

Remarks: The straw bag, hemp bag, etc. are unsuitable for the container of sample for moisture content.  

B-2.2 Marking of Sample for Constituent Test

The sample for constituent test shall be marked on the package with the following items, as a rule: 

a) Name of article and name of lot 

b) Name of sample or its symbol 

c) Dates of sampling and sample preparation 

d) Name of factory of sampling and sample preparation 

e) Name of responsible person for sampling and sample preparation 

B-2.3 Storage of Sample

The storage of sample shall be as follows: 

a) The constituent test sample shall be stored after preparing and sealing up, as a rule, for three months for domestic trade and for six months for foreign trade. 

b) Cares shall be taken for the storage place of the sample to be free from being affected by temperature, humidity, direct rays of the sun, etc. The sample shall be sealed up at the time of storage and cares shall be taken particularly on the materials of container for the sample easily oxidized. 

B-2.4 Sending of Sample 

The sample other than the constituent test sample shall not be sent, as a rule. However, when it is sent inevitably, the sending method shall be as agreed upon between the parties concerned with delivery. 

B-3 Determination of Average Quality 

The average quality shall be determined in accordance with any one of the following methods:  

a) When measurement is performed on gross sample, the measured value shall be taken as the determined value of the average quality of the lot. 

b) When measurements is performed on each-sample, the weighted average of measured values shall be taken as the determined value of the average quality of the lot. 

c) When measurement is performed on each increment, the average of measured values shall be taken as the determined value of the average quality of the lot. 
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Spread the crushed gross
sample into a rectangle
with thickness specified
in Table 3 of this
Standard.
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Divide this into 20 equal
parts. For example, 5 equal
parts in lengthwise and 4
equal parts in breadthwise.
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Divide this into 20 equal
parts. For example, 5 equal
parts in lengthwise and 4
equal parts in breadthwise.
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Take one shovel of increment
at a time at random from

each division, which has been
divided in 20 equal parts, by
thrusting the increment
shovel into the bottom of the
sample layer and collect this
as the sample after reduction.
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Spread the curshed increment
into a rectangle having
thickness specified in
Table 3 of this Standard.
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Divide this into quarters.
For example, each 2 equal
parts in lengthwise and
breadthwise.
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Spread the curshed increment
into a rectangle having
thickness specified in
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Divide this into quarters.
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parts in lengthwise and
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and collect this as the
sample after reduction.
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FOREWORD 

(Formal clauses of the foreword will be added later.)

The Standard was first published in 1977. 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 on Sampling by Mechanical means has been included;

b) Clause on General Matters has been included;

c) Clause 5.1 has been modified by adding “Other sizes may be considered as agreed between purchaser and supplier.

d) Figure 3 has been modified.  

e) “Hard Ore” Grade is Replaced with “Hard Lump Ore” Grade throughout the standard. 

f) Sampling from slurry has been included in Clause 6.

The primary object of sampling of any material is to draw an inference about the quality of the lot on the basis of information derived from the sample. If the consignment is of uniform nature the inference so drawn is almost precise, which gives an accurate estimate of the quality, but when the material is heterogeneous in nature as is often the case with any raw material, the method by which sample is obtained becomes critical in inferring about the quality of the consignment. 

The efficiency of sampling largely depends on the degree of homogeneity of the consignment and the size of sample. In case of heterogeneous consignment obviously the size of the sample should be more to arrive at an accurate estimate of the quality.  

For the purpose of sampling, chrome ore has been divided into three categories namely, 

a) Friable; 

b) Hard Lump; and 

c) Fines and Concentrates. 

Friable ore consists of all sizes up to 200 mm. Hard lump ore consists of all sizes up to 200 mm, which is not friable. Fines and Concentrates consist of sizes not exceeding 3 mm.  

For obtaining reliable conclusion it has been recommended that as far as possible chrome ore be sampled when in motion that is during loading or unloading or from conveyor. When sampling of chrome ore from stock piles becomes-inevitable, sectional or trench sampling method may be used from stock piles up to a maximum height of 1.5 meters but the representativeness of the sample drawn in this manner cannot be assured and hence the reliability of the conclusion may not be free from any bias.  

In the formulation of this standard due consideration has been given to international standards and practices prevailing in different countries. In the preparation of this standard considerable assistance has been derived from the following standards: 

ISO 6153:1989 Chromium Ores –Increment Sampling.              

ISO 3082:2009 Iron ores- Sampling and sample Preparation Procedures. 

ISO 6154:1989 Chromium Ores- Preparation of Samples.

ISO 16742: 2014 Iron ores — Sampling of slurries.

IS 1405 Iron ores — sampling and sample preparation — manual method. 

JIS M 8100 Particulate materials – General rules for methods of sampling.

For the determination of size distribution of chrome ore, sieves conforming to IS 460 : 1985 (Part 2) shall be used. During preparation of laboratory sample, Sieves conforming to IS 460 : 1985 (Part 1) shall be used. When such sieves are not available other qualified standard sieve adjudged by the aperture may be used. For corresponding sizes of BS and ASTM sieves reference may be made to IS 460 : 1985 (Part 1) and IS 460 : 1985 (Part 2). 

For the purpose of deciding whether particular requirement of this standard is complied with, the final value, observed or calculated, expressing the result of a test or analysis, shall be rounded off in accordance with IS 2: 1960 ‘Rules for rounding off numerical values(revised).’ The number of significant places retained in the rounded off value should be the same as that of the specified value in this standard. 

 

 

 

 

 

 

Draft Indian Standard 

 SAMPLING CHROME ORE - METHODS

 (First Revision of IS 8562)



1 SCOPE              

This standard prescribes the method of sampling of chrome ore from conveyor wagon, trucks ships and stock piles for the determination of size distribution moisture content and chemical composition of the ore in the lot. It also includes the method for reporting the quality of the material sampled. 

2 REFERENCE 

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 listed below: 

		IS No. 

		Title 



		IS 460

		Test sieves — Specification :



		Part 1 : 2020

		Wire cloth test sieves (Fourth Revision).



		Part 2 : 2020

		Perforated plate test sieves (Fourth Revision).



		IS 1548

		





3 TERMINOLOGY 

For the purpose of this standard, the following definitions shall apply. 

3.1 Friable Ore 

Ore which is liable to crumble and generate fines in handling operations and consist of all sizes up to 200 mm.  

3.2 Hard Lump Ore 

Ore of size up to 200 mm which is not friable.

3.3 Fines and Concentrates 

Ore of sizes not exceeding 3 mm.  

3.4 Lot 

The quantity of ore indicated of the same category and offered for inspection at one time of a lot may consist of whole or part of the quantity ordered for.  

3.5 Sub-lot

The quantity of ore of a lot which has been divided into proportionate quantities for the purpose of sampling. 

3.6 Increment 

The quantity of ore obtained by a sampling device at one time from a lot or sub-lot. The quantity of a single increment is called size of increment. 

3.7 Unit Sample

The quantity of ore collected at one point in sectional sampling or at one time from the conveyor. 

3.8 Gross Sample

Sample as collected from a sub-lot that is the quantity of ore of several increments or unit samples taken from a sub lot. 

3.9 Size Sample

Sample taken for determination of particle size distribution of the lot or sub-lot.  

3.10 Laboratory Sample

The quantity of ore obtained by reducing a gross sample following the specified procedure and   indicated for laboratory test. 

3.11 Moisture Sample 

The sample to be used for determination of moisture content of the lot or sub-lot.

3.12 Composite Sample 

The quantity of ore obtained by mixing together proportionate quantities of ore from each of the laboratory sample representing the sub-lot into which a lot has been divided.

3.13 Systematic Sampling

Sampling carried out by taking increments from a lot at regular intervals.

4 METHODS OF SAMPLING 

4.1 Division of Lot into Sub-lots

For the purpose of sampling, a lot shall be divided into a number of sub-lots of approximately equal mass as specified in Table 1. 



		Table 1 Minimum Number of Sub-Lots into Which a Lot is to be Divided

(Clauses 4.1, 5.1.2.1, 5.2.1, 5.2.2.1 and 5.3.1) 



		Mass of The Lots in Tonnes 

(1) 

		Minimum Number of Sub-Lots 

(2) 



		Up to 1 500 

		2 



		1 501 to 3 000 

		3 



		3 001 to 5 000 

		5 



		5 001 to 7 000 

		7 



		7 001 to 10 000 

		9 



		10 001 and above 

		11 



		NOTE — When it is not possible to have sub-lots of approximately equal masses sub-lots of varying masses may also be permitted. 





4.1.1 Representative gross sample shall be drawn from each of the sub-lots and shall be kept separately. Thus there will be as many gross samples as the number of sub-lots into which the lot has been divided.  

4.2 The number of increments to be taken from a sub-lot for making the gross sample shall be governed by the mass of the gross sample and the mass of the increment as specified in Table 2 for various categories of the ore. These increments shall be evenly distributed over sub-lots. The increments shall be drawn with a suitable sampling scoop (see Fig. 1 and 2) at regular intervals or by any other manual sampling tools of equivalent capacity for taking the increments as agreed between purchaser and supplier. 



		Table 2 Minimum Mass of the Gross Sample and Minimum Number of Increments 

(Clauses 4.2, 5.1.2.1, 5.2.2.1, 5.3.2, 5.4.2, 5.4.5, 4.3.5 and A-1.2) 



		Sl. No. 

		Category of Chrome Ore 

		Mass of Gross Sample 

		Mass of Increment, Approx 

		No. of 

Increments 



		(1)

		(2)

		(3)

		(4)

		(5)



		

		 

		Kg 

		Kg 

		 



		i) 

		Hard Lump 

		480 

		8 

		60 



		ii) 

		Friable 

		200 

		4 

		50 



		iii) 

		Fines and Concentrates 

		100 

		2.5 

		40 



		NOTE — All the Increment samples from Fines and Concentrates shall be obtained using sampling scoop of 4 Kg.





5 SAMPLING FROM VARIOUS AREAS

5.1 Sampling from Conveyors 	 

When consignment is transported by means of belt conveyor, increments may be collected at a fixed location from the belt conveyor at its discharging ends/transfer points using 	 	 	 

5.1.1 Divison into Sub-lots

The periodic systematic sampling should be carried out with random start. The lot shall be divided into a number of sub-lots of approximately equal mass as specified in Table 1. This can be done by dividing the total duration of movement of ore into a number of equal intervals corresponding to the number of sub-lots keeping in view of the rate of discharge. 

5.1.2 Sampling Method 

The number of increments to be taken from a sub-lot is given in Table 2 and depends on the category of ore and the size of the increments. The number shall be evenly distributed over the sub-lot. The increment shall be drawn with the help of suitable sampling scoop (see Fig. 1 and 2) or any other manual sample tool of equivalent capacity. 

5.1.2.2 The increments shall preferably be taken from the running belt conveyor at a fixed place by cutting whole cross section and thickness of the ore stream with the sampling device in one operation. The receptacle shall be big enough not to allow overflowing.	 	 
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FIG. 1 SAMPLING SCOOP 8-Kg
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FIG.2 SAMPLING SCOOP 4-Kg

5.1.2.3 If it is practicable to stop the belt periodically, unit samples can also be drawn at a fixed location of the belt conveyor. The mass of each unit sample so drawn shall not be less than 70 kg and it shall be collected from the full width and thickness of the stream. The number of unit samples to be drawn at regular intervals to constitute a gross sample shall be as given below for different categories of chrome ore: 

		Category of Ore 

		Minimum Number of Unit Samples for Sampling from Conveyors 



		Hard Lump 

		7 



		Friable 

		6 



		Fines and concentrates 

		2 





5.1.2.4 If it is not possible to draw samples from the belt in motion as in 5.1.2.2 or according to 5.1.2.3 the increments can be drawn from the center, the left and the right side of the ore stream of the belt along the same width from a moving conveyor belt. To ensure that very small materials is also correctly obtained in the sample the scoop should sweep the bottom of the conveyor belt. 

NOTE — Before collecting the increments or the unit samples, the speed of the conveyor and the quantity of the material passing over a certain point in a given time shall be ascertained so that an appropriate spacing of the increments or unit samples may be arranged over the whole of the lot. 

5.1.3 Gross Samples

The material collected from various increments or unit samples in a sub-lot shall be aggregated and mixed together to constitute a gross sample. 

5.2 Sampling from Wagons/Trucks 

In order to get representative gross sample, the ore shall be sampled as far as possible in a steady motion that is during loading or unloading of the wagons/trucks. 



5.2.1 Division into Sub-lots 

For the purpose of sampling all the wagons/trucks in a lot shall be divided into a suitable number of sub-lots of approximately equal mass in accordance with the requirements of Table 1. A representative gross sample shall be drawn from each of the sub-lot land shall be kept separately. Thus there will be as many gross samples as the number of sub-lots into which a lot has been divided. 

5.2.2 Sampling during Loading or Unloading 

5.2.2.1 During the course of loading or unloading, the total number of increments to be taken from the wagons/trucks and the masses of the increments and the gross sample shall be in accordance with Table 2 depending on the category of the material.

Approximately equal number of increments shall be taken from each of the wagon/truck. The increments to be taken within a wagon/ truck shall be evenly distributed. These increments shall be drawn with the help of a suitable sampling scoop (see Fig. 1 and 2) at regular intervals at the time of loading or unloading of the wagons/trucks. 

NOTE — While taking the increments as prescribed above, if a large lump is encountered at any point and cannot be taken in the scoop it shall be picked up as such. Such lumps shall be accounted for in the determination of size distribution as given in 6 and in the reduction of gross sample as given in 7. 

5.2.3 Sampling from Loaded Wagons/Trucks 

As far as possible sampling from loaded wagons/trucks is to be avoided. If it is inevitable, it may be carried out by sectional sampling method. By sectional sampling method at least 15 unit samples in the case of hard Lump and friable ores and at least five unit samples in the case of fine ores are to be collected from each sub-lot. The number of wagons/trucks equal to the number of unit samples shall be selected at random. On the surface of each of the selected wagons/trucks points will be selected at random where unit samples shall be collected by taking whole section of ore from top to bottom over the area of a circle of 25 cm diameter for hard Lump ore and friable ore and 15 cm diameter for concentrates and fines. 

5.3 Sampling from Ships 

5.3.1 Division into Sub-lots

For the purpose of sampling, the quantity of ore to be loaded into ship shall be divided into a suitable number of sub-lots preferably of approximately equal masses in accordance with Table 1. From each sub-lot a representative gross sample shall be taken. Thus, there will be as many gross samples as the number of sub-lots into which a lot has been divided.  

5.3.2 Sampling during Loading/Unloading of Ships 

Sampling shall be carried out when the ore is in motion. If the ore is taken on the conveyor the gross sample shall be taken as described in 5.1. If not, the gross samples may be drawn during loading or unloading of the ships, by taking increments at equal intervals of time or quantity. The number and size of increments shall be as given in Table 2. 

NOTE ― Sampling from ship-holds shall preferably be avoided.

5.4 Sampling from Stock Piles 

5.4.1 Sampling of ores in stationary stock piles shall be avoided. The proper method of sampling is to collect the increment when the stock pile is being formed or dismantled.

5.4.2 Sub-lots 

For the purpose of sampling, it will be convenient to treat each stock pile as a lot or as a sub-lot, the number of sub-lots to be formed and the number of increments to be drawn from each sub-lot shall be according to Tables 1 and 2. From each sub-lot one gross sample shall be taken. 

5.4.3 When a stock pile is in process of being built or shifted increments maybe taken at regular intervals during the process in order that the ore in the entire stock pile is covered by sampling. 

5.4.4 Stationary Stock Piles 

When it becomes absolutely necessary to sample a stationary stock pile, sectional sampling (see 5.2.3) or trench sampling method (see 5.4.5) may be used for stock piles up to a maximum height of about 1.5 metres. In the case of sectional sampling, the requisite number of points shall be located at random on the entire surface of the sub-lot. 

5.4.5 Trench Sampling 

The gross samples shall be made up of the number of increments as specified in Table 2. These increments shall be collected as indicated below:                                                          

Along a randomly chosen line of chrome ore surface of the sub-lot, the trench shall be cut right down to the ground level leaving about 30 cm walking space at the ground level. From the trenches so cut the required number of increments shall be collected with the help of a suitable sampling scoop (see Fig. 1 and 2) at various points randomly spread over the two exposed sides of the trenches. In case of larger stock piles, in addition to the trenches the sides of the piles may also be opened to expose the ore at places where the trench does not expose the ore inside. The increments can be drawn from the sides of the exposed surface. 

5.5 Mechanical Sampling 

5.5.1 The sampling of ores during the loading or unloading of wagons, ships, stores, bunkers and in forming stockpiles by means of continuous action handling devices shall be carried out, using mechanical sampling devices, on the stream of ore falling from one handling device to another at a fixed interval of mass or time. 

5.5.2 The number of cuttings by mechanical sampling devices shall be not less than the required number of increments. 

5.5.3 The interval between taking increments from a consignment tan be taken as a fixed interval of either mass or time and shall not be changed during the entire course of sampling of a consignment. 

5.5.4 For the purpose of sampling, it will be convenient to use the method specified in 5.1.2 which includes mass of sample to be drawn at each interval. 

5.5.5 The time interval between taking increments shall be determined using the equation 



where,  

 = the time interval between taking increments, in minutes; 

 = the mass of consignment, in tonnes; 

 = the maximum flow rate of the belt conveyor, in tonnes/ hour; 

 is the number of increments required as given in Table 2. 

Is the Mechanical Sampling mentioned at the correct position/clause of the draft?

5.6 Sampling from Slurry 

A slurry is defined as chrome ore of nominal top size < 1 mm that is mixed with water. Sampling of slurries should preferably be carried out by systematic sampling in 2 ways 

a) On a time, basis (see Annex A); and

b) Mechanically cut free-falling streams (see Annex A).

Note - If needed, any other sampling procedure can be used for slurry samples as agreed to between the purchaser and the supplier.	

What is the purpose of including slurry sampling method?

6 DETERMINATION OF SIZE DISTRIBUTION 

6.1 When the gross sample from each sub-lot has been collected in the above manner it shall be first subjected to size determination using suitable sieves. The size distribution of hard lump ore in a lot shall normally be estimated as recommended below:  

a) Over 200 mm; 

b) Over 100 mm and up to 200 mm; 

c) Over 10 mm and up to 100 mm; and 

d) 10 mm and below. 

[bookmark: _GoBack]Why the size distribution is different from IS 2109 and IS 2245? Thesese sizes are not available in IS 460 PARTS?

The distribution of other sizes for hard lump ore may be estimated in a similar way. Other sizes may be considered as agreed between purchaser and seller.

NOTES — In the determination of ore size distribution IS Sieves of suitable sizes specified in IS 460 (Part 1) and IS 460 (part 2) shall be used. When such sieves are not available other qualified standard sieve adjudged by the aperture may be used. For corresponding sizes of BS and ASTM sieves reference may be made to IS 460 (part 1) and IS 460 (part 2). 

6.2 Size Distribution Calculated on Gross Samples Obtained by Aggregating Unit Samples

6.2.1 Each gross sample shall be screened through selected IS sieves (see 6.1) and ore retained on each of the sieves and that passing through smallest sieve, shall be weighed separately. The size distribution for the lot shall be estimated as follows: 

		a) Over 200 mm, percent

		=  



		b) Over 100 mm and up to 200 mm, percent

		=  



		c) Over 10 mm and up to 100 mm, percent

		= 



		d) 10 mm and below percent

		= 





where, 

w1, w2 = the masses of the different gross samples; 

a1, a2 = the corresponding masses of chrome ore, over 200 mm in size;

bl, b2 = the corresponding masses of chrome ore of sizes over 100 mm and up to 200 mm; 

c1, c2 = the corresponding masses of ore of sizes over 10mm and up to 100 mm; and 

d1, d2 = the corresponding masses of ore of sizes 10 mm and below.  

6.3 Gross Samples Obtained by Aggregating Increments 

6.3.1 Where gross samples do not contain any lump over 200 mm, the procedure detailed in 6.2 shall be followed for estimating the ore size distribution in the lot, the percentage of ore over 200 mm being nil. 

6.3.2 Where the gross samples contain some lumps (see Note under 5.2.2.1) the portion of the gross samples excluding the lumps shall be treated as in 6.3.1. 

6.3.2.1 The ore size distribution of the lot shall be estimated as follows: 

		a) Over 200 mm, percent 

		=  



		b) Over 100 mm and up to 200 mm, percent

		=  



		c) Over 10 mm and     up to 100 mm, percent 

		=  



		d) 10 mm and below percent 

		=  





where

 = the masses of the different gross samples excluding the lumps;

 = the total number of lumps in all the gross samples; and 

, ,  are as defined in 6.2.1.   

NOTE ― Each lump is supposed to represent one increment of 8 kg for the hard lump ore. Why 8Kg in this standard. In IS 2109 it is 4 Kg?

7 REDUCTION OF A GROSS SAMPLE 

7.1 Moisture Sample 

Each of the gross samples shall be sent first for size determination. Only after that sample preparation shall be conducted. For moisture determination moisture sample of 20 to 25 kg shall be taken from each gross sample in not less than 5 increments after crushing the ore to -10mm by mechanical or manual means. From this 20 to 25 kg material two or more samples of 1 kg each shall be drawn for moisture determination as specified in 8.1 or by any standard method. 

NOTE — If needed, separate moisture samples may be drawn from the sub-lot by any procedure as agreed to between the purchaser and the supplier. 

7.2 Preparation of Samples for Chemical Analysis 

Chrome ore in each gross sample shall be first crushed in a jaw-crusher or roll crusher or by manual labour using a hammer, pounder and a manganese steel plate till the ore in gross sample is of - 10 mm size. Duplicate moisture samples of 1 kg each may be collected at this stage. The rest of the ore shall be mixed well and reduced to a minimum of 20 kg which shall then be further processed in stages as detailed in Fig. 3 to prepare the laboratory samples for chemical analysis. The mass of each laboratory sample shall be at least 200 g. 

NOTE — The lumps obtained while drawing the increments shall be crushed separately and one scoop-full for each lump, approximately 8 kg for Hard Lump ore, shall be taken along with the ores of other sizes in the gross sample for reduction as detailed in 7.2.               

For each lot, there will be as many laboratory samples as the number of sub-lots. These laboratory samples shall be placed in suitable containers. 
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                                    FIG.3 STAGES IN REDUCING A GROSS SAMPLE 




7.2.1 Reduction by Riffle Divider 

After each crushing, ore shall be well mixed and poured into the riffle divider. This process shall be repeated during riffle division of different sizes according to the sizes of the crushed ore. The types and dimensions of riffle divider are given below (see Fig 4 and Table 3): 

       [image: ] 

FIG. 4 EXAMPLE OF RIFFLE SAMPLER






		Table 3 Dimensions of Riffle Sampler

(Clause 7.2.1)

(All dimensions are in mm)



		Number of riffle sampler 

		60 

		50 

		30 

		20 

		10 

		6 



		Number or riffles 

		12 

		12 

		12 

		16 

		16 

		16 



		(1) 

		(2) 

		(3) 

		(4) 

		(5) 

		(6) 

		(7) 



		Riffle sampler body 

		A 

		60 ± 1 

		50 ± 1 

		30 ± 1 

		20 ± 1 

		10 ± 0.5 

		6 ± 0.5 



		

		B 

		760 

		630 

		380 

		346 

		171 

		112 



		

		C 

		300 

		250 

		170 

		105 

		55 

		40 



		

		D 

		600 

		500 

		340 

		210 

		110 

		80 



		

		E 

		360 

		300 

		200 

		135 

		75 

		60 



		

		F 

		60 

		50 

		30 

		30 

		20 

		20 



		

		G 

		340 

		340 

		340 

		210 

		110 

		80 



		

		H 

		230 

		200 

		140 

		85 

		45 

		30 



		

		J 

		770 

		640 

		390 

		360 

		184 

		120 



		

		K 

		240 

		220 

		220 

		140 

		65 

		55 



		Sample receiver 

		L 

		240 

		220 

		220 

		140 

		65 

		55 



		

		M 

		340 

		340 

		340 

		210 

		110 

		80 



		

		N 

		300 

		250 

		170 

		105 

		55 

		40 



		

		P 

		80 

		75 

		55 

		35 

		20 

		15 



		

		Q 

		340 

		340 

		340 

		210 

		110 

		80 



		Sample feeding container 

		R 

		760 

		630 

		380 

		346 

		171 

		112 



		

		S 

		400 

		400 

		300 

		200 

		120 

		80 



		

		T 

		265 

		265 

		200 

		135 

		70 

		45 



		

		U 

		200 

		200 

		150 

		105 

		50 

		35 



		NOTES

1 A is the specified dirnension. The other dimensions are shown for example. 

2 The number of riffles shall be even and not less than the number specified in the above table. 

3 The Sample receivers shall be fitted tightly to the opening of the divider to avoid scattering any fine ores. 

4 The inside surface of the divider shall be smooth and free from rust





 

7.2.2 Coning and Quartering Method 

In this method the crushed ore shall be-well mixed and then scooped into a cone shaped pile. Care shall be taken to drop each scoopful over the same spot to ensure even distribution of lumps and fines on all sides of the cone. 

After the cone is formed it shall be flattened by pressing the top of the cone with the smooth surface of the scoop. Then it is cut into quarters by the lines which intersect at right angle at the center of the base of the cone. The bulk of the sample is reduced to half by rejecting any two diagonally opposite quarters. This process may be repeated till the required amount of sample is obtained. The procedure is illustrated below (see Fig 5):  

		[image: ]Heap up crushed sample into a cone on the hard and clean plane.

		[image: ]Level the cone/sample so that the cone shall be pushed down from its top vertically and repeat the operation once and twice more at other place. 



		[image: ]



Divide the sample into four fan-formed equal pants. Samples divided into four equal parts.

		

[image: ]B
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Take A and A diagonally, and discard B and B.



		[image: ]Repeat the above mentioned operations by the use of sample reduced by half after one cycle till the desired sample is obtained.





FIG.5 SHOWS ILLUSTRATION OF CONING AND QUARTERING METHOD

7.2.3 Increment Reduction Method 

The crushed ore shall be spread on a smooth non-moisture absorbing plate into a uniform flat rectangle with the thickness specified in Table 4. This method consists of two types of sampling procedures given as follows:  

7.2.3.1 Increment Reduction Method (20 divisions)

The rectangle so formed shall be divided into 5 equal parts lengthwise and 4 equal parts breadthwise (see Fig. 6). From each of the 20 parts so obtained, equal quantities of ore, not less than that specified in Table 4 shall be collected with the help of a suitable scoop and combined together to form the reduced sample  



 

 [image: ]

 FIG. 6 MANUAL INCREMENT DIVISION METHOD (Example of 20 divisions) 

7.2.3.2 Increment Reduction Method (4 divisions)

The rectangle so formed shall be divided into two equal parts lengthwise and breadthwise (see Fig 7). From each of the 4 parts so obtained, equal quantities of ore, not less than that specified in Table 4 shall be collected with the help of a suitable scoop and combined together to form the reduced sample. 



 

 

 [image: ]

 

FIG. 7 MANUAL INCREMENT DIVISION METHOD (Example of 4 divisions)



		Table 4 Thickness of the Layers and Quantities to be Collected from Each Part

(Clause 7.2.3, 7.2.3.1 and 7.2.3.2)



		 Size of Ore 

		Thickness of Layer 

		Minimum Quantity to be Obtained from Each Part 



		(1) 

mm 

		(2) 

mm 

		(3) 

g 



		10 

		30 to 40 

		250 



		5 

		25 to 35 

		150 



		1.70 

		15 to 25 

		40 



		085 

		10 to 20 

		30 





	  

8 NUMBER OF TESTS 

8.1 Moisture Determination 

All the moisture samples representing a, lot shall be tested individually for moisture content. If needed, for each gross sample moisture determination shall be carried out, in duplicate. To avoid any change in the moisture content, the moisture determination shall be done as quickly as possible. 

8.2 Laboratory Samples for Chemical Analysis

The laboratory samples shall be obtained after the material is pulverized to pass through 150-micron IS sieve. The materials obtained shall be divided into 3 or more equal parts, as required by the purchaser, the supplier, the referee and others if any. All the laboratory samples shall be preserved in dry, clean, and well-stoppered containers and labelled with full identification particulars like source of the ore, category of the ore, supplier’s name, lot number, date and place of sampling, the vessel’s name in the case of shipment; and number of wagons/trucks in case of wagon/truck sampling. 

Unless otherwise agreed to between the purchaser and the supplier, the following schedule of testing should be followed: 

Chemical constituents 



		For which individual laboratory samples to be analysed: 

		For which a composite sample to be analysed:



		a) Chromic oxide (Cr2O3) 

b) Silica (SiO2)

c) Iron 

		a) Phosphorus 

b) Sulphur 

c) Alumina (Al2O3)

d) Magnesium oxide (MgO)

e) Calcium oxide (CaO)

f) Ferrous oxide (FeO) 





9 REPORTING 

9.1 Reporting of Moisture Content 

The result obtained from ith sub-lot shall be denoted by . In case duplicate test results are obtained from ith sub-lot, average of these two results shall be denoted as . The average moisture content of chrome ore in a lot shall be calculated as below: 

		Average moisture content

		=   





where

  = the mass of the ith sub-lot 

∑  =  denotes summation over all i’s. 

9.2 Reporting of Chemical Composition  

9.2.1 For those characteristics, where a composite sample has been tested, only one test will be available and that result shall be reported as the value of the characteristic for the lot sampled.

9.2.2 When only two laboratory samples have been analysed individually from a lot the average of the two available test results, shall be reported as the value of the characteristics for the lot sampled. If the masses of the two sub-lots differ substantially, the weighted average of the two results



shall be taken as the value for the lot. The individual results shall also be reported to give an indication of the range of variation in quality. 

9.2.3 When three or more laboratory samples from a lot have been analysed individually with reference to any characteristic the following procedure shall be followed to assess average quality of the lot and its limits of variation. 

Let be the results of analysing ‘’ laboratory samples for a particular characteristic.  

Then calculate the average and the range of the results obtained using the below formulae:

		Average   ()

		=   





or

		Weighted Average ()

		=   



		Range (R) 

		= the difference between the maximum and the minimum of the test results. 



















where

n is the number of sub lots; and 

 are the masses of n sub-slots;



The average level of the characteristics in the lot shall be reported as equal to ()

The limits of the variation in the average level of the lot at 95 percent confidence level shall be reported as ( ± hR), where h is a factor, the value of which depends on the number of samples analysed (see also IS 1548).The appropriate value of the factor h shall be as given below for less than 10 number of laboratory samples: 

		Number of Laboratory Samples Analysed

		Value of Factor

‘ h’



		                 2

		6.36



		3

		1.30



		4

		0.72



		5

		0.51



		6

		0.40



		7

		0.33



		8

		0.29



		9

		0.25



































However, when the number of sub-lots ‘n’ is equal to 10 or more, the corresponding results on laboratory samples (10 or more) should be divided into subgroups of equal size in order of their occurrence. For each group, range () should be calculated and the average value of range () should be used in place of . The value of  factor ‘h’ for these cases can be obtained using the Table 6 of IS 1548 and the example for calculation is given in 9.4.5.3 of IS 1548.


 

ANNEX A

(Clause 5.5)

A-1 TIME-BASIS SAMPLING  

A-1.1 General  

Sampling of slurry streams is usually carried out on a time basis rather than a mass basis. Time basis sampling involves the following steps.  

a) Determine the size of the lot, e.g. an hour, a shift, or a day’s production.  

b) Distribute the required number of increments, on a uniform time basis, throughout the total time, “” for sampling each lot.  

c) Extract slurry increments of volume proportional to the slurry flow rate at the time of taking each increment.  

 

A-1.2 Sampling Interval  

The interval between taking increments for time-basis sampling is as follows: 



where 

 = time interval between taking increments, in minutes; 

 = the production time allocated to each lot, in minutes; and

 = the number of primary increments determined in Table 2

 A-1.3 Taking of Increments  

Each slurry increment shall be taken by a single traverse of the sampling device. The first increment shall be taken at a time selected at random within the first time interval. Thereafter, the remaining increments shall be taken at fixed time intervals according to formula given in A-1.2, until the end of the lot.  

The fixed time interval between increments should be no larger than that calculated using formula given in A-1.2 to ensure that the number of increments taken will be at least the minimum number of primary increments specified. 

A-2 MECHANICAL SAMPLING FROM MOVING STREAMS 

A-2.1 General  

A wide range of different mechanical sample cutters are available, so it is not possible to specify any particular type that should be used for specific sampling applications. 

 

Only mechanical cutters that take a complete cross-section of the stream in one cut shall be used. Sampling devices that take only a part of the stream in one operation do not collect representative samples and hence are not recommended. 

A-2.2 Location of Sample Cutters  

The location of sample cutters is chosen according to the following criteria: 

a) Sample cutters shall be located at a point which affords access to the complete slurry stream; 

b) Sampling shall be performed at a point in the handling system where there is no apparent risk of errors due to a periodic variation in material feed or quality, e.g. away from pulsating slurry pumps;  

c) Sampling shall be performed as close as possible to the point where the quality characteristics are to be determined. 

A-2.3 Taking of Increments  

Each slurry increment shall be taken by a single traverse of the sampling device. The first increment shall be taken at a time selected at random within the first time interval. Thereafter, the remaining increments shall be taken at fixed time intervals according to formula given in A-1.2 until the end of the lot.  

The fixed time interval between increments should be no larger than that calculated using formula given in A-1.2 to ensure that the number of increments taken will be at least the minimum number of primary increments specified. 

A-3 VOLUME OF INCREMENT FOR FALLING STREAM SAMPLERS TO AVOID BIAS  

A-3.1 Linear Cross-Stream Cutter  

At any sampling stage, the volume of each slurry increment taken by a linear cross-stream cutter can be calculated as follows: 

       …………… (1)

where 

 = the volume of increment (m3);  

 = the slurry flow rate (m3/s);  

 = the cutting aperture of the sample (m); and

 = the cutter speed (m/s). 

However, there are strict limits on the minimum cutter aperture and the maximum cutter speed to ensure the cutter takes an unbiased sample. These limits in turn impose a lower limit on the volume of increment calculated using formula (1) that needs to be collected to minimize bias.  

From the volume of increment calculated using formula (1), the mass of solids contained in the slurry increment can then be calculated using formula (2): 

    …………… (2)

where, 

 = the mass of solids contained in the increment (kg);  

 = the volume of increment; (m3);  

 = the slurry density, kg/m3; and

 = the percentage solids mass fraction in the slurry. 

A-3.2 Vezin Cutter  

At any sampling stage, the volume of each slurry increment taken by a Vezin cutter can be calculated as follows:  

        …………… (3)

Where,  

 = the volume of increment, in cubic metres; 

 = the slurry flow rate, in cubic metres per second;  

 = the cutter aperture opening, in degrees; and

 = the rotating speed of the cutter, in revolutions per minute.  

Once again, there are strict limits on the minimum cutter aperture and the maximum cutter speed to ensure the cutter takes an unbiased sample. These limits, in turn, impose a lower limit on the volume of increment calculated using formula (3) that needs to be collected to minimize bias. From the volume of increment calculated using formula (3), the mass of solids contained in the slurry increment can then be calculated using formula (2). 






ANNEX B

GENERAL MATTERS PERTAINING TO SAMPLING

B.1 SUMMARY OF SAMPLING AND SAMPLE PREPARATION 

The summary of sampling and sample preparation shall be as follows (see Fig. 8): 

a) Decide the lot intended for sampling and sample preparation. 

b) Take the required number of increments with the specified size out of the whole lot at random or systematically during movement of lot. 

c) Prepare the test sample by size reduction and reducing every increment, every sub-sample or every gross sample as required.

[image: ] 

FIG.8 SUMMARY OF SAMPLING AND SAMPLE PREPARATION (An example)

B-2 HANDLING OF SAMPLE 

Cares shall be taken avoid losing or deteriorating a sample throughout the period of sampling, sample preparation and measurement. 

         Further, the devices to be used shall be sufficiently cleaned so that foreign substances cannot be mixed in the sample. 

B-2.1 Sample Container 

The sample container shall be as follows: 

a) The container used for transporting or storing various kinds of samples shall be such that it can accommodate complete quantity of samples and be clean and rigid and further, it can be covered with a lid or be sealed securely.  

b) Specially, the container of sample for moisture content shall be airtight and be made of        materials free from corrosions and moreover, its inside shall be free from corrosions and the like. 

Remarks: The straw bag, hemp bag, etc. are unsuitable for the container of sample for moisture content.  

B-2.2 Marking of Sample for Constituent Test

The sample for constituent test shall be marked on the package with the following items, as a rule: 

a) Name of article and name of lot ; 

b) Name of sample or its symbol ;

c) Dates of sampling and sample preparation ;

d) Name of factory of sampling and sample preparation ; and

e) Name of responsible person for sampling and sample preparation.

B-2.3 Storage of Sample

The storage of sample shall be as follows: 

a) The constituent test sample shall be stored after preparing and sealing up, as a rule, for three months for domestic trade and for six months for foreign trade. 

b) Cares shall be taken for the storage place of the sample to be free from being affected by temperature, humidity, direct rays of the sun, etc. The sample shall be sealed up at the time of storage and cares shall be taken particularly on the materials of container for the sample easily oxidized. 

B-2.4 Sending of Sample 

The sample other than the constituent test sample shall not be sent, as a rule. However, when it is sent inevitably, the sending method shall be as agreed upon between the parties concerned with delivery. 

B-3 DETERMINATION OF AVERAGE QUALITY 

The average quality shall be determined in accordance with any one of the following methods:  

a) When measurement is performed on gross sample, the measured value shall be taken as the determined value of the average quality of the lot. 

b) When measurements is performed on each-sample, the weighted average of measured values shall be taken as the determined value of the average quality of the lot. 

c) When measurement is performed on each increment, the average of measured values shall be taken as the determined value of the average quality of the lot. 
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Spread the crushed gross
sample into a rectangle
with thickness specified
in Table 3 of this
Standard.
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Divide this into 20 equal
parts. For example, 5 equal
parts in lengthwise and 4
equal parts in breadthwise.
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Spread the crushed gross
sample into a rectangle
with thickness specified
in Table 3 of this
Standard.
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Divide this into 20 equal
parts. For example, 5 equal
parts in lengthwise and 4
equal parts in breadthwise.
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Take one shovel of increment
at a time at random from

each division, which has been
divided in 20 equal parts, by
thrusting the increment
shovel into the bottom of the
sample layer and collect this
as the sample after reduction.
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Spread the curshed increment
into a rectangle having
thickness specified in
Table 3 of this Standard.
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Divide this into quarters.
For example, each 2 equal
parts in lengthwise and
breadthwise.
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Spread the curshed increment
into a rectangle having
thickness specified in
Table 3 of this Standard.
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Divide this into quarters.
For example, each 2 equal
parts in lengthwise and
breadthwise.






image53.png

Take one shovel of incre-
ment at a time at random
from each division, which
has been divided into 4
parts, by thrusting the
increment shovel into

the bottom of the sample
and collect this as the
sample after reduction.
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IS 2109:1982 Method of sampling of dolomite and other allied material



		Sl. No. 

		Clause/Subclause Para No.

		Comments/Suggestions

		Reason



		1

		0.3

		Replace ISO 3081 & 3083 with 

ISO 3082:2017

		Earlier standards ISO 3081 & 3083 Obsolete



		2

		0.4

		IS 460:1978 be replaced by 

IS 460 (I & II) 1985

		



		

		1.1

		Scope: Suggest to include Pyroxinite & Oliflux

(Example – “Allied material including Pyroxinite and Oliflux”)



Editorial change suggested:

“It gives detailed procedures for sampling' from wagons, trucks, conveyors, ship and stationary stock piles”

		Pyroxinite & Oliflux are allied flux material generally 10-40mm size and used in steel plant and imported into India. But there is no standard available for sampling. 





		3

		2.2

		Amendment suggestion: 

Crushed & Screened material - upto 120mm nominal top size

		Majority of users are getting material upto 120mm

Generally, 120/60, 80/40, 40/10, 35/10, 6/1 mm etc



		4

		2.0

		Add definition: 

Nominal Top Size – 

Suggestion: 

particle size expressed by the smallest aperture size of the test sieve of square opening complying (as per IS 460) such that no more than 5 % by mass of material is retained on the sieve

		



		

		2.10

		Replace “sublot” with “Lot/sublot”

		Editorial. It can be either Lot or Sublot. So only mention of sublot is not correct.



		

		2.12

		Delete “equal”

		Editorial

(Reason: it should be only proportionate to the sublot quantity.)



		

		3.0

		Amendment suggested:

Sampling from Stockpile:

“The stationary stock pile varies largely in volume particularly height. Hence it is quite difficult to obtain a proper representative sample from stock pile and therefore is normally not recommended.   Sampling should preferably be done when the material is in motion (Refer 3.1).  However, in case it becomes very much necessary to draw sample from stationary stock pile, any of the method described in 3.2 may be adopted.”

		



Editorial change



		

		3.1.1.1 Table 1

		Suggest amendment in line with IS 1405-2010 Table 1 with small change based on trend)

Qty - Minimum number of Sublot

Up to 1000  - 2

ii) 1001-3000   - 3

iii) 3001-6000   - 4

iv) 6001-20000  - 5

v) 20 001-30000   - 6

vi) 30 001-70 000  - 8

vii) 70 001-100 000 -10

viii) 100 001-150 000- 15

		





The sublot size in present standard is for small consignment. However now a days, the limestone, Pyroxinite, Oliflux material are imported in bulk shipment which can be 50000-70000 MT or capesize upto 1,50.,000 MT. Hence suggest to expand the range.



		

		3.1.1.1 Table 2

		The table may be split into 2 parts. One for manual increment sampling and other for Sectional/Conveyor sampling

The scoop size is incorrect. 

As per scoop dimension (Figure 1) only 4kg and 8kg scoop is to be used. Whereas the present table is having 4 & 2 kg. It’s a mismatch.

Propose amendment to Table 2 as below:  

TABLE-2 (A)

(MINIMUM MASS OF INCREMENT & GROSS SAMPLE) FOR MANUAL SAMPLING: 

		Increments                     

		Run of Mines                   

		Crushed & Screened (Nominal Top Size  120mm)

		Crushed & Screened 

(Nominal Top Size   50mm)



		Increment Mass (kg)                                               

Number of increments             

Mass of Gross sample (Kg)                             

		8

50

400

		8

50

400

		4

50

200









		









Note 1) Most of the limestone cargo are either 10-40mm or 10-80mm (Nominal Top Size). In that case the scoop of dimension 120mm width will pick 4 kg minimum. Whereas 10-80mm will pick 8kg minimum.                                      







		

		3.2.2

		Figure -1 : Scoop sizes:

Calibrated Fines is not defined in the terminology. 

(May be replaced by : 

(Crushed & Screened upto 120mm) for 8kg 

And Crushed & Screened upto 50mm) for 4kg 50mm)

Or removed from the table having scoop dimension as the same is defined in table 2.



		

		Dimension of Sampling Scoop in mm



		Nominal Capacity of scoop

		A

		B

		C

		D

		E

		F

		G



		8 kg



		200

		240

		150

		175

		115

		440

		40



		4 kg



		175

		150

		120

		100

		65

		250

		30







		











Change of width and height suggested in accordance with Nominal Top size as the material is retained in the scoop. 



		

		8.2

		Figure 2: Simplify Stages of reduction of gross sample: 

Note: After 10mm, sample to be crushed to 5mm, then reduce and crush to 2mm, mixed thoroughly and reduced to 2.5kg. Crushed to 850 micron and reduced to 600g and then pulverize to pass through 150micron sieve. 

(Step 850 micron may be bypassed in case mechanical sample preparation is used)  

 (Reference taken from US 1405 for modification of steps) 

		For mechanical sampling 





























		

		10.2.3

		Calculation of average:

[image: ]

		Ref: IS 1405



		

		10.2.3

		The Range ( R) and value of factors:

The basis is not clear. How the factors are derived. May be removed if adequate explanation is not found. 
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Average (%) =*1 il e i 8 , and
n

Range (R ) = the difference between the maximum and minimum
values,

The limits of variation in the average level of the characteristic in
the lot shall be reported as (¥ 4 kR ), where A is a factor, the value of
which depends upon the number of laboratory samples analysed. The
appropriate value of the factor 4 is given below:

Number of Laboratory Value of Factor h
Samples Analysed
3 1:30
4 072
5 0-51
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FOREWORD

(Formal clauses to be added later)

The standard was originally published in 1962 and subsequently revised in 1982. 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 added;

b) 

In the formulation of this standard, due consideration has been given to international standards and practices prevailing in different countries. For this purpose, guidance has been obtained from the following standards issued by the International Organizations for Standardization:

	ISO 3082 : 2017 Iron ores — Sampling and sample preparation procedures

This standard contains clauses 9.1 which call for agreement between the purchaser and the manufactures.

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

Indian Standard

METHODS OF SAMPLING DOLOMITE,

LIMESTONE AND OTHER ALLIED MATERIALS INCLUDING PYROXINITE AND OLIFLUX

(First Revision)



1 SCOPE

1.1 This standard lays down the procedure to be followed in collecting and preparing samples from a lot in order to determine size distribution, moisture content and chemical analysis of dolomite, limestone and other allied materials including pyroxinite and oliflux in the lot. It gives detailed procedures for sampling from stationary stock piles, wagons, trucks, conveyors and shipholds.

1.2 This standard also includes a method for estimating and reporting the quality characteristics of dolomite, limestone and other allied materials supplied in bulk.

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 below:

		IS No.

		Title



		IS 460

		Test Sieves — Specifications



		   Part 1 : 2020 

		Wire cloth test sieve (fourth revision)



		   Part 2 :  2020 

		Perforated plate test sieve (fourth revision)



		   Part 3 : 2020 

		Methods of Examination of Apertures of Test Sieves (fourth revision)



		IS 1548 : 1981

		Manual on basic principles of lot sampling (second revision)





3 TERMINOLOGY

The word ‘dolomite’ in this standard shall mean limestone and other allied materials including pyroxinite and oliflux also for brevity. For the purpose of this standard, the following definitions shall apply.

3.1 Run of Mine — Dolomite consisting of all sizes up to 200 mm.

3.2 Crushed and Screened — Dolomite of sizes not more than 120 mm in case of nominal top size is 10 - 120 mm and sizes not more than 50 mm in case of nominal top size is 0 - 50 mm obtained after crushing and screening.  

3.3 Consignment — The quantity of dolomite delivered at one time.

3.4 Lot — The quantity of dolomite indicated to be of the same category and offered for inspection at one time. A lot may consist of whole or a part of the quantity ordered for.

3.5 Sub-lot — The quantity of dolomite in each of the portions into which a lot is divided for the purpose of sampling.

3.6 Increment — The quantity of dolomite obtained by a sampling device at one time from a lot or sub-lot.

3.7 Unit Sample —The quantity of dolomite collected at one point in sectional sampling or at one time from the conveyor.

3.8 Gross Sample — Sample as collected from a sub-lot, that is, the quantity of material consisting of one or several increments or unit samples taken from a sub-lot.

3.9 Size Sample — The sample taken for the determination of the size distribution of the lot or sub-lot.

3.10 Moisture Sample — The sample drawn from a lot/sub-lot exclusively for the use of the moisture determination.

3.11 Laboratory Sample — The quantity of material obtained by reducing a gross sample following a specified procedure, intended for laboratory testing.

3.12 Composite Sample (for the lot) — The quantity of material obtained by mixing together proportionate quantities of material from each of the laboratory sample representing sub-lots into which a lot has been divided.

3.13 Dolomite — It is an anhydrous carbonate mineral composed of calcium magnesium carbonate, ideally CaMg(CO3)2.

3.14 Limestone — It is a sedimentary rock composed principally of calcium carbonate (calcite) CaCO3.

3.15 Nominal Top Size — Particle size expressed by the smallest aperture size of the test sieve of square opening complying to relevant parts of IS 460 such that no more than 5 % by mass of material is retained on the sieve.

4 SAMPLING FROM STOCK PILE

The stationary stock pile varies largely in volume, particularly in height. Hence it is quite difficult to obtain samples from stationary stock piles, therefore is normally not recommended. Sampling of stock piles should preferably be done when the material is in motion by the methods described in 4.1, by the former method. However, in case it becomes very much necessary to draw sample from stationary stock pile, any of the method described in 4.2 may be adopted. For the procedures given in 4.2, the top surface of the stock pile to be sampled shall be flat and even over the entire stock pile as far as possible.

4.1 Sampling during Formation or Dismantling of Stock Piles

4.1.1 Quantity of dolomite to be loaded into or unloaded from a stock pile shall be considered as consisting of a number of sub-lots of approximately equal mass as specified in Table 1. 



		TABLE 1 NUMBER OF SUB- LOTS

(Clauses 4.1.1, 4.2.1.1, 5.1, 6 and 7.1)



		MASS OF THE LOT

(IN TONNES)

		NUMBER OF SUB- LOTS



		(1)

		(2)



		Up to 1 000

		2



		1001 to 3 000

		3



		3 001 to 6 000

		4



		6 001 to 20000

		5



		20 001 to 30000

		6



		30 001 to 70 000  

		8



		70 001 to 100 000

		10



		100 001 to 150 000

		15



		150 000 and above

		15 + (1 for every 10000 tons)







4.1.1.1 From the quantity of dolomite constituting a sub-lot, the number of increments specified in Table 2, depending on the category of dolomite, shall be collected at regular intervals spaced over the whole period of loading or unloading. The increments, each of mass specified in Table 2, shall be collected with the help of suitable scoop (Fig. 1) or baskets of equivalent capacity.



NOTE — While sampling run of mine dolomite, if a lump of size, over 200 mm is encountered at any point, the lump shall be picked up as it is (without breaking into pieces), to be accounted for in the size determination as given under 8.4.1 and in the reduction of gross sample as given under 9.2.



		

		TABLE 2 MASS OF THE INCREMENTS AND UNIT SAMPLES

(Clauses 4.1.1.1, 4.2.1.2, 5.2, 5.3, 6 and 7.2)



		SL NO.

		INCREMENTS

		RUN OF MINE

		CRUSHED AND SCREEND

(Nominal Top Size  120mm)

		CRUSHED AND SCREEND

(Nominal Top Size   50mm)



		(1)

		(2)

		(3)

		(4)

		(5)



		i)

		Increment mass (kg)

		8

		8

		4



		ii)

		Number of increment

		50

		50

		40



		iii)

		Mass of gross samples (kg)

		400

		400

		160



		iv)

		Number of unit samples

		10

		10

		4



		v)

		Mass of unit sample(kg)

		40

		40

		40







4.1.2 Gross Samples

4.2 Sampling from Stationary Stock pile All the increments collected from the same sub-lot shall be combined together to constitute a gross sample.



4.2.1 Sub-lots 

The quantity of dolomite in the stock pile shall be approximately estimated and shall be divided into a number of sub-lots of approximately equal mass as per Table 1. The dolomite surface in the sub-lot shall be levelled, before sampling. Each sub-lot shall be sampled either by sectional sampling (see 4.2.1.1) or by trench sampling (see 4.2.1.2).

4.2.1.1 Sectional sampling

The number of unit samples to be collected from a sub-lot shall be as given in Table 2. For collecting those unit samples, an equal number of points shall be located on the central longitudinal line of the dolomite surface in the stock piles.

         On the surface of each of the stock pile on which a point has been located a circle of diameter three times the maximum particle size of dolomite shall be marked at the selected point and over the area of the circle the entire section of the dolomite, from top to bottom shall be collected in stages. This can be done by reaching initially up to a depth of 50 cm and then covering the hole so formed, by a plate for removing the metering lying on the sides of the hole. After removing the plate, further depth can be reached in the same manner. This procedure is repeated till the bottom of the stock pile is reached.

4.2.1.2 Trench sampling

The gross samples shall be made up of the number of increments as specified in Table 2. These increments shall be taken from the- stock pile in the following manner:

           The number of increments shall be equally distributed over the entire stock pile and along a randomly chosen line on the surface, a trench shall be cut right down to the ground level leaving a space of 30 cm in width to provide for walking space. From the trenches so cut, the requisite number of increments shall be collected with the help of a suitable sampling scoop (see Fig. 1) at various points spread over the two exposed sides of the trenches. In, case of larger stock piles, in addition to the trenches so formed, the sides of the stock piles may also be opened to expose the material at place where the trench does not expose the material inside.  

4.2.2 The gross sample for each sub-lot shall be formed by combining all the unit samples or increments collected from stock piles.

[image: ]

FIG.  1    SAMPLING    SCOOP





		

		DIMENSIONS OF THE SAMPLING SCOOP IN mm





		NOMINAL CAPACITY OF THE SCOOP

		

A

		

B

		

C

		

D

		

E

		

F

		

G



		(1)

		(2)

		(3)

		(4)

		(5)

		(6)

		(7)

		(8)



		8 kg

( Lump and sized)

		

200

		

240

		

150

		

175

		

115

		

440

		

40



		4kg

(Calibrate and fines)

		

175

		

150

		

120

		

100

		

65

		

350

		

30









5 SAMPLING FROM WAGONS AND TRUCKS

Representative samples of dolomite may be collected either during loading or unloading of wagons or trucks, i.e. when the material is in motion or from loaded wagons or trucks. As far as possible, sampling during motion is to be preferred. 

5.1 Sub-lots 

For the purpose of sampling, all the wagons or trucks in the lot shall be divided into a number of sub-lots of approximately equal mass as specified in Table 1. 

5.2 Sampling during Loading or Unloading

For sampling of dolomite during the course of loading or unloading, the number of increments to be collected from each sub-lot and the mass of the increment shall be as given in Table 2 depending on the category of the material. In case of wagons, at least 25 percent of the total number of wagons in a sub-lot, subject to a minimum of 5 wagons shall be selected at random and the required number of increments shall be evenly distributed at equal intervals, over the selected wagons, in case the sub-lot consists of 5 or less number of wagons, all of them shall be subjected to sampling and the number of increments shall be equally distributed. In the case of trucks, at least 50 percent of the trucks in a sub-lot subject to a minimum of 10 trucks shall be selected at random and the required number of increments shall be evenly distributed. In case the sub-lot size is less than l0 trucks, all of them shall be subjected to sampling. The increments may be collected with the help of sampling scoop (Fig. 1) or suitable basket of equivalent capacity. When the dolomite is received from a single source it is sufficient to sample 25 percent of the trucks subject to a minimum of five.

5.3 Sectional Sampling 

For the purpose of sampling from loaded wagons, the method of sectional sampling shall be adopted. The number of unit samples to be collected from each sub-lot shall be in accordance Table 2. For collecting these unit samples, an equal number of points shall be located on the central and longitudinal lines of the dolomite surface of all the wagons in the lot. At each point, a unit sample shall be collected as indicated in 4.2.1.1. Sectional sampling from trucks is to be avoided as far as possible and sampling has to be carried out only during the loading or unloading of trucks.



6 SAMPLING DURING LOADING/UNLOADING OF SHIPS

The quantity of dolomite in a lot shall be divided into a number of sub-lots of approximately equal mass as specified in Table 1. Sampling has to be carried out only when the material is loaded into or unloaded from a ship hold. The number of increments as given in Table 2 shall be taken at regular intervals of time.



7. SAMPLING FROM CONVEYORS

7.1 Sub-lots 

For the purpose of sampling a, lot, while it is being discharged over a conveyor, shall be divided into a number of sub-lots of approximately equal mass as specified in Table 1. This can be done by dividing the total duration of movement of dolomite into a number of equal intervals corresponding to the number of sub-lots, keeping also in view the rate of discharge.

The material moved in each of such intervals will form a sub-lot. A representative gross sample shall be drawn from each of the sub-lots and shall be kept separately. Thus there will be as many gross samples as the number of sub-lots into which the lot has been divided.

7.2 The number of increments to be taken from a sub-lot is given in Table 2 and depends on the category of dolomite. The number shall be evenly distributed over the sub-lot. The increment shall be drawn with the help of a suitable sampling scoop (see Fig. 1) at regular intervals.

7.3 Taking Increments at Discharge Points

When the material is in motion, the most reliable means of taking such increments is to sample at a point where it discharges from the belt. The best possible increment is one which cuts across entirely the falling stream of the material by means of a suitable receptacle passed from one side of a stream to the other without allowing the material to overflow the receptacle. The stream should be sampled systematically by taking material from all portions.

7.4 Sampling by Stopped Belt Method 

If it is practicable to stop the conveyor belt periodically, larger quantity of dolomite constituting unit sample may be drawn from the belt so as to avoid frequent stoppage of the belt and interruption of the flow of material. The mass of each unit sample shall be not less than 40 kg and it shall be collected from the full width and thickness of stream. The number of unit samples as given in Table 2 shall be equally spread over the entire sub-lot.



8 DETERMINATION OF SIZE DISTRIBUTION

8.1 The size distribution of dolomite in a lot shall normally be estimated as given below:

a) Over 200 mm;

b) Over 150 mm and up to 200 mm;

c) Over 50 mm and up to 150 mm;

d) Over 10 mm and up to 50 mm;

e) Over 1 mm and up to 10 mm; and

f) 1 mm and below.

If necessary, dolomite of other sizes may also be estimated.

8.2 In the determination of size distribution sieves of suitable sizes. As specified in IS 460 (Part 2) shall be used wherever possible. The standard test sieve will, after period of time, become less accurate. The sieve shall, therefore, be periodically checked according to IS 460 (Part 3) and the correction factor to be applied to the result shall be determined.

8.3 Gross Samples Constituted by Aggregating Unit Samples 

Each gross sample shall be screened successively through selected sieves (see 8.1) and the quantity retained on each of the sieves, as also that passing through the smallest sieve, shall be weighed separately and recorded.

8.3.1 Size distribution for the lot shall be estimated as follows:



a) Over 200 mm, percent        



b) Over 150 mm, and

up to 200 mm, percent  	 



c) Over 50 mm, and

up to 150 mm, percent		 



d) Over 10 mm, and

up to 50 mm, percent    	 



e) Over 1 mm, and

up to 10 mm, percent    	



f) 1 mm and below

percent       		  

Where,



………are the masses of the different gross sample or unite sample;

………are the corresponding masses of dolomite of size exceeding 200 mm;

………are the corresponding masses of dolomite of size over 150 mm, and up to                                   200 mm;

………are the corresponding masses of dolomite of size over 50 mm, and up to 150 mm;

………are the corresponding masses of dolomite of size over 10 mm, and up to 50 mm;

………. are the corresponding masses of dolomite of size over 1 mm, and up to 10 mm; and

 ………are the corresponding masses of dolomite of size over 1 mm, and below.

NOTE — Percentage of material of any other desired sire shall be calculated on similar lines.

8.3 Gross Samples Constituted by Aggregating Increments 

Where the gross samples do not contain any lump over 200 mm the procedure detailed in 8.2 and 8.2.1 shall be followed for estimating the size distribution in the lot, the percentage of material over 200 mm being nil.

8.4 Where the gross samples contain some lumps over 200 mm, the portion of the gross samples excluding such lumps shall be treated as in 8.2.

8.4.1 The size distribution for the lot shall be estimated as follows:



a) Over 200 mm, percent     		



b) Over 150 mm, and         		

Up to 200 mm, percent



c) Over 50 mm, and         		

Up to 150 mm, percent



d) Over 10 mm, and,     	 	

Up to 50 mm, percent



e) Over 1 mm, and			

Up to 10 mm, percent



f) 1 mm, and below, percent		



Where,

………..are the masses (in kg) of the different gross samples excluding lumps over 200 mm,

n is the total number of lumps over 200 mm in all the gross samples, and

……….; are as defined in 8.2

NOTE — Mass of each lump is taken to be equivalent to one increment, that is, 4 kg.



9 REDUCTION OF A GROSS SAMPLE

9.1 Moisture Sample 

Each of the gross samples shall be sent first for size determination and only after that the sample preparation shall be carried out. For moisture determination, moisture sample of 20 to 25 kg shall be taken from each gross sample in not less than 5 increments after crushing the material to -10 mm size by mechanical or manual means. From this 20 to 25 kg material, two or more samples of 1 kg each shall be drawn for moisture determination.

NOTE — If needed, separate moisture samples may be drawn from the sub-lot by any other procedure, as agreed to between the purchaser and the supplier.

9.2 Preparation of Samples for Chemical Analysis 

Dolomite in each gross sample shall be first crushed in a jaw crusher, roll crusher or manually using a hammer or pounder and a suitable steel plate, till the material in gross sample is of -10 mm size. Duplicate moisture samples of 1 kg each may be collected at this stage, if not already done. The rest of the material shall be mixed well and reduced, to 20 kg which shall then be further processed in stages as detailed in Fig. 2, to prepare the laboratory samples for chemical analysis. For reduction at various stages one of the methods detailed in 9.2.1 to 9.2.3 shall be followed. The mass of each laboratory sample shall be at least 200 g.

NOTE — The lumps obtained while collecting the increments (see 4.1.1.1) shall be crushed separately and one scoopful for each lump (approximately 4 kg for run of mine ore) shall be taken along with the materials of other sizes in the gross sample for reduction as detailed in 9.2.
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FIG.2 STAGES OF REDUCING A GROSS SAMPLE



NOTE — Step 850 micron may be bypassed in case mechanical sample preparation.





9.2.1 Reduction by Riffle Divider

After each crushing, the material shall be well mixed and poured into the riffle. This process shall be repeated using rifles of different sizes according to the size of the crushed material.

9.2.2 Coning and Quartering Method 

In this method the crushed dolomite shall be well mixed and then scooped into a cone-shaped pile. Care shall be taken to drop each scoopful over the same spot to ensure even distribution of lumps and fines on all sides of the cone.

After the cone is formed it shall be flattened by pressing the top of the cone with the smooth surface of the scoop. Then, it is cut into quarters by two lines which intersect at right angle at the center of the base of the cone. The bulk of the sample is reduced to half by rejecting any two diagonally opposite quarters.

9.2.3 Increment Reduction Method

The division of the gross sample (after being crushed to 10 mm) by the manual increment division method (see Fig. 3) shall be carried out according to the following procedure. It is advisable to have at least 20 increments under this method.

The size of the increment shall be as specified in Table 3.

a) Spread the crushed sample on a smooth, flat and non-moisture absorbing plate, into a uniform flat rectangle of dimensions a × b mm.

b) Divide the rectangle into five equal parts lengthwise and four equal parts breadthwise (for 20 increments) as given in Fig. 3.

c) From each of the 20 parts so obtained, equal quantities, not less than that specified in Table 3, shall be collected with the help of a suitable scoop and combined together to form the reduced sample.

In the above procedure the scoop shall be inserted to the bottom of the sample layer and if necessary a bumper plate may be inserted in front of the scoop to facilitate the operation

[image: ]

FIG.3 MANUAL INCREMENT DIVISION METHOD



		TABLE 3 SIZE OF INCREMENTS IN MANUAL INCREMENT

DIVISION METHOD

(Clause 9.2.3)



		Sl No.

		SIZE OF MATERIAL

		THICKNESS OF LAYER

		QUANTITY TO BE ONTAINED AT

ONE TIME FROM EACH PART



		

		(1)

		(2)

		(3)



		

		(mm)

		(mm)

		(g)



		i) 

		10

		30 to 40

		250



		ii) 

		4.75

		25 to 35

		150



		iii) 

		1.70

		15 to 25

		40



		iv) 

		0.85

		10 to 20

		25



		v) 

		0.15

		5 to 10

		5







10 NUMBER OF TESTS

10.1 Moisture Determination

All the moisture samples representing different sub-lots in a lot shall be tested individually for moisture content.

If needed, moisture determination shall be carried out in duplicate for each gross sample, to avoid change in moisture content, the moisture determination shall be done as quickly as possible.

10.2 Laboratory Samples for Chemical Analysis 

All the laboratory samples shall be tested individually for important characteristics. For the remaining characteristics, a composite sample prepared by mixing equal or proportionate quantities of dolomite from each of the laboratory samples shall be analyzed. Unless otherwise agreed to between the purchaser and the supplier, the following schedule of testing should be followed:

		Chemical Constituents

│



		│

Individual laboratory sample to be analyzed for:

		│

A composite sample to be analyzed for:



		a) Calcium Oxide

		a) Aluminum



		b) Silica

		b) Magnesium oxide



		c) Loss On Ignition

		c) Ferric Oxide



		

		d) Carbon Dioxide







11 REPORTING

11.1 Reporting of Moisture Content 

The result obtained from ith sub-lot shall be denoted by ‘’. In case duplicate test results are obtained for ith sub-lot, average of these two results shall be denoted by . The overall moisture content of dolomite in the lot shall be calculated by the following formula:

Average moisture content 



Where,

, is the mass of the ith sub-lot and symbol ⅀ stands for summation over all i’s.

11.2 Chemical Analysis

11.2.1 For those characteristics, where composite samples have been tested, only one test result will be available and that result shall be reported as the value of that characteristic for the lot sampled.

11.2.2 When two laboratory samples have been analyzed individually from a lot, the average of the two available test results shall be reported as the value of the characteristic for the lot sampled. The individual test results shall also be reported to give an indication of the range of variation in quality.

11.2.3 When three or more laboratory samples have been analyzed individually from a lot the following procedure shall be followed to assess the average quality and limits of variation.

Let  be the results of analyzing n laboratory samples for a particular characteristic.

Calculate,

Average () , if sub-lots are of approximately equal mass

Or

Weighted average () ,



Where,

w1, w2, w3…. wn are the mass of the sub-lots.

Range (R) = difference between the maximum and minimum of the values (when n is less than 10).

Or 

Range (R) = the average value of ranges. When the number of sub-lots n is equal to 10 or more, the corresponding results on laboratory samples (10 or more) should be constituted into two groups in order of their occurrence. For each group, range (R) should be calculated and the average value (R) of the R’s should be used in the subsequent clause.

The average level of the characteristics in the lot shall be reported equal to (x).

The limits of variation in the average level of the lot at 95 percent probability shall be reported as ( ± ℎR), where h is a factor, the value of which depends upon the number of laboratory samples analyzed. The appropriate value of the factor h is given below:



		Number of Laboratory

Samples analyzed

		Value of Factor ℎ



		3

		1.30



		4

		0.72



		5

		0.51



		6  

		0.40



		7

		0.33



		8

		0.29



		10

		0.31



		12

		0.25



		15

		0.24



		16

		0.19



		18

		0.17



		21

		0.17



		27

		0.13



		NOTE — If the number of laboratory samples are different from those given above, it is recommended to obtain the factor ‘h’ for determining confidence limits for the average, using samples standard derivation from Table 5 of IS 1548.
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FOREWORD

(Formal clauses to be added later)

The standard was originally published in 1962 and subsequently revised in 1982. 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: 

Please add the changes made?

In the formulation of this standard, due consideration has been given to international standards and practices prevailing in different countries. For this purpose, guidance has been obtained from the following standards issued by the International Organizations for Standardization:

	ISO 3082 : 2017 Iron ores — Sampling and sample preparation procedures

This standard contains clauses 9.1 which call for agreement between the purchaser and the manufactures.

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

Indian Standard

SAMPLING OF DOLOMITE,

LIMESTONE AND OTHER ALLIED MATERIALS INCLUDING PYROXINITE AND OLIFLUX - METHODS

(First Revision)



1 SCOPE

1.1 This standard lays down the procedure to be followed in collecting and preparing samples from a lot in order to determine size distribution, moisture content and chemical analysis of dolomite, limestone and other allied materials including pyroxinite and oliflux in the lot. It gives detailed procedures for sampling from stationary stock piles, wagons, trucks, conveyors and shipholds.

1.2 This standard also includes a method for estimating and reporting the quality characteristics of dolomite, limestone and other allied materials supplied in bulk.

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 below:

		IS No.

		Title



		IS 460

		Test Sieves — Specifications



		   Part 1 : 2020 

		Wire cloth test sieve (fourth revision)



		   Part 2 :  2020 

		Perforated plate test sieve (fourth revision)



		   Part 3 : 2020 

		Methods of Examination of Apertures of Test Sieves (fourth revision)



		IS 1548 : 1981

		Manual on basic principles of lot sampling (second revision)







3 TERMINOLOGY

3.0 The word ‘dolomite’ in this standard shall mean limestone and other allied materials including pyroxinite and oliflux also for brevity. For the purpose of this standard, the following definitions shall apply.

3.1 Run of Mine — Dolomite consisting of all sizes up to 200 mm.

3.2 Crushed and Screened — Dolomite of sizes not more than 120 mm in case of nominal top size is 10 mm to 120 mm, and sizes not more than 50 mm in case of nominal top size is 0 to 50 mm obtained after crushing and screening.  (is this correct definition? Nominal top size cannot be range)

3.3 Consignment — The quantity of dolomite delivered at one time.

3.4 Lot — The quantity of dolomite indicated to be of the same category and offered for inspection at one time. A lot may consist of whole or a part of the quantity ordered for.

3.5 Sub-lot — The quantity of dolomite in each of the portions into which a lot is divided for the purpose of sampling.

3.6 Increment — The quantity of dolomite obtained by a sampling device at one time from a lot or sub-lot.

3.7 Unit Sample —The quantity of dolomite collected at one point in sectional sampling or at one time from the conveyor by stopped belt method.

3.8 Gross Sample — Sample as collected from a sub-lot, that is, the quantity of material consisting of one or several increments or unit samples taken from a sub-lot.

3.9 Size Sample — The sample taken for the determination of the size distribution of the lot or sub-lot.

3.10 Moisture Sample — The sample drawn from a lot or a sub-lot exclusively for the purpose of the moisture determination.

3.11 Laboratory Sample (Sub-Lot) — The quantity of material obtained by reducing a gross sample following a specified procedure, intended for laboratory testing.

3.12 Composite Sample (for the lot) — The quantity of material obtained by mixing together proportionate quantities of material from each of the laboratory sample representing sub-lots into which a lot has been divided.

3.13 Dolomite — It is an anhydrous carbonate mineral composed of calcium magnesium carbonate, ideally CaMg(CO3)2.

3.14 Limestone — It is a sedimentary rock composed principally of calcium carbonate (calcite) CaCO3.

3.15 Nominal Top Size — Particle size expressed by the smallest aperture size of the test sieve of square opening, comprising the R20 and R40/3 series of relevant parts of IS 460, such that not more than 5 percent by mass of material is retained on the sieve.

4 SAMPLING FROM STOCK PILE

The stationary stock pile varies largely in volume, particularly in height. Hence it is quite difficult to obtain samples from stationary stock piles, therefore is normally not recommended. Sampling of stock piles should preferably be done when the material is in motion by the methods described in 4.1, by the former method. However, in case it becomes very much necessary to draw sample from stationary stock pile, any of the method described in 4.2 may be adopted. For the procedures given in 4.2, the top surface of the stock pile to be sampled shall be flat and even over the entire stock pile as far as possible.

4.1 Sampling during Formation or Dismantling of Stock Piles

4.1.1 Quantity of dolomite to be loaded into or unloaded from a stock pile shall be considered as consisting of a number of sub-lots of approximately equal mass as specified in Table 1. 



		TABLE 1 NUMBER OF SUB- LOTS

(Clauses 4.1.1, 4.2.1.1, 5.1, 6 and 7.1)



		MASS OF THE LOT

(IN TONNES)

		NUMBER OF SUB- LOTS



		(1)

		(2)



		Up to 1 000

		2



		1001 to 3 000

		3



		3 001 to 6 000

		4



		6 001 to 20000

		5



		20 001 to 30000

		6



		30 001 to 70 000  

		8



		70 001 to 100 000

		10



		100 001 to 150 000

		15



		150 000 and above

		15 + (1 for every 10000 tons)







4.1.1.1 From the quantity of dolomite constituting a sub-lot, the number of increments specified in Table 2, depending on the category of dolomite, shall be collected at regular intervals spaced over the whole period of loading or unloading. The increments, each of mass specified in Table 2, shall be collected with the help of suitable scoop (Fig. 1) or baskets of equivalent capacity.



NOTE — While sampling run of mine dolomite, if a lump of size, over 200 mm is encountered at any point, the lump shall be picked up as it is (without breaking into pieces), to be accounted for in the size determination as given under 8.4.1 and in the reduction of gross sample as given under 9.2.



		TABLE 2 MASS OF THE INCREMENTS AND UNIT SAMPLES

(Clauses 4.1.1.1, 4.2.1.2, 5.2, 5.3, 6 and 7.2)



		SL NO.

		INCREMENTS

		RUN OF MINE

		CRUSHED AND SCREEND

(Nominal Top Size  120mm)

		CRUSHED AND SCREEND

(Nominal Top Size 50mm)



		(1)

		(2)

		(3)

		(4)

		(5)



		i)

		Increment mass (kg)

		8

		8

		4



		ii)

		Number of increment

		50

		50

		40



		iii)

		Mass of gross samples (kg)

		400

		400

		160



		iv)

		Number of unit samples

		10

		10

		4



		v)

		Mass of unit sample(kg)

		40

		40

		40







4.1.2 Gross Samples

All the increments collected from the same sub-lot shall be combined together to constitute a gross sample.

4.2 Sampling from Stationary Stock pile 



4.2.1 Division into Sub-lots and Sampling 

The quantity of dolomite in the stock pile shall be approximately estimated and shall be divided into a number of sub-lots of approximately equal mass as per Table 1. The dolomite surface in the sub-lot shall be levelled, before sampling. Each sub-lot shall be sampled either by sectional sampling (see 4.2.1.1) or by trench sampling (see 4.2.1.2).

4.2.1.1 Sectional sampling (Can we provide figures for Sectional sampling like how is the procedure for sampling done via figures?)

The number of unit samples to be collected from a sub-lot shall be as given in Table 2. For collecting those unit samples, an equal number of points shall be located on the central longitudinal line of the dolomite surface in the stock piles. Does the no of points selected depend on Table 2 that is for run off mine 10 points, for 200 mm 40 points on each sub lot?

On the surface of each of the stock pile on which a point has been located, a circle of diameter three times the maximum particle size ( it is nominal top size?) of dolomite shall be marked at the selected point . Then over the area of this marked circle the entire section of the dolomite, from top to bottom shall be collected in stages.This can be done by reaching initially up to a depth of 50 cm and then covering the hole so formed, by a plate for removing the matering lying on the sides of the hole. After removing the plate, further depth can be reached in the same manner. This procedure is repeated till the bottom of the stock pile is reached.(How much mass is to be collected from each point)

4.2.1.2 Trench sampling (Can we provide figures for trench sampling?)

The gross samples shall be made up of the number of increments as specified in Table 2. These increments shall be taken from the- stock pile in the following manner.

The number of increments shall be equally distributed over the entire stock pile and along a randomly chosen line on the surface, a trench shall be cut right down to the ground level leaving a space of 30 cm in width to provide for walking space. From the trenches so cut, the requisite number of increments shall be collected with the help of a suitable sampling scoop (see Fig. 1) at various points spread over the two exposed sides of the trenches. In, case of larger stock piles, in addition to the trenches so formed, the sides of the stock piles may also be opened to expose the material at place where the trench does not expose the material inside.  

4.2.2 Gross Samples

The gross sample for each sub-lot shall be formed by combining all the unit samples or increments collected from stock piles.
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FIG.  1    SAMPLING    SCOOP





		

		DIMENSIONS OF THE SAMPLING SCOOP IN mm





		NOMINAL CAPACITY OF THE SCOOP

		

A

		

B

		

C

		

D

		

E

		

F

		

G



		(1)

		(2)

		(3)

		(4)

		(5)

		(6)

		(7)

		(8)



		8 kg

( Lump and sized)

		

200

		

240

		

150

		

175

		

115

		

440

		

40



		4kg

(Calibrate and fines)

		

175

		

150

		

120

		

100

		

65

		

350

		

30









5 SAMPLING FROM WAGONS AND TRUCKS

Representative samples of dolomite may be collected either during loading or unloading of wagons or trucks, i.e. when the material is in motion or from loaded wagons or trucks. As far as possible, sampling during motion is to be preferred. 

5.1 Division into Sub-lots 

For the purpose of sampling, all the wagons or trucks in the lot shall be divided into a number of sub-lots of approximately equal mass as specified in Table 1. 

5.2 Sampling during Loading or Unloading of Wagons/Trucks 

For sampling of dolomite during the course of loading or unloading, the number of increments to be collected from each sub-lot and the mass of the increment shall be as given in Table 2 depending on the category of the material. The increments may be collected with the help of sampling scoop (Fig. 1) or suitable basket of equivalent capacity.

5.2.1 Sampling from Wagons 

In case of wagons, at least 25 percent of the total number of wagons in a sub-lot, subject to a minimum of 5 wagons shall be selected at random and the required number of increments shall be evenly distributed at equal intervals (what does it mean at equal intervals?) over the selected wagons. In case the sub-lot consists of 5 or less number of wagons, all of them shall be subjected to sampling and the number of increments shall be equally distributed. 

5.2.1 Sampling from Trucks In the case of trucks, at least 50 percent of the trucks in a sub-lot subject to a minimum of 10 trucks shall be selected at random and the required number of increments shall be evenly distributed. In case the sub-lot size is less than l0 trucks, all of them shall be subjected to sampling. When the dolomite is received from a single source it is sufficient to sample 25 percent of the trucks subject to a minimum of five.

5.3 Sampling from Loaded Wagons/Trucks (Sectional Sampling Method) (When material is not in motion then only sectional sampling is followed?) (Can we provide figures for images for priocedure?)

For the purpose of sampling from loaded wagons, the method of sectional sampling shall be adopted. The number of unit samples to be collected from each sub-lot shall be in accordance Table 2. For collecting these unit samples, an equal number of points shall be located on the central and longitudinal lines of the dolomite surface of all the wagons in the lot. At each point, a unit sample shall be collected as indicated in 4.2.1.1. 

Sectional sampling from trucks is to be avoided as far as possible and sampling has to be carried out only during the loading or unloading of trucks.



6 SAMPLING DURING LOADING/UNLOADING OF SHIPS 

The quantity of dolomite in a lot shall be divided into a number of sub-lots of approximately equal mass as specified in Table 1. Sampling has to be carried out only when the material is loaded into or unloaded from a shiphold. The number of increments as given in Table 2 shall be taken at regular intervals of time.



7. SAMPLING FROM CONVEYORS (Can we provide figures for images for priocedure?)

7.1 Division into Sub-lots 

For the purpose of sampling a, lot, while it is being discharged over a conveyor, shall be divided into a number of sub-lots of approximately equal mass as specified in Table 1. This can be done by dividing the total duration of movement of dolomite into a number of equal intervals corresponding to the number of sub-lots, keeping also in view the rate of discharge.

The material moved in each of such intervals will form a sub-lot. A representative gross sample shall be drawn from each of the sub-lots and shall be kept separately. Thus there will be as many gross samples as the number of sub-lots into which the lot has been divided.

7.2 The number of increments to be taken from a sub-lot is given in Table 2 and depends on the category of dolomite. The number shall be evenly distributed over the sub-lot. The increment shall be drawn with the help of a suitable sampling scoop (see Fig. 1) at regular intervals.

7.3 Taking Increments at Discharge Points  Can we provide figures for images for priocedure?)

When the material is in motion, the most reliable means of taking such increments is to sample at a point where it discharges from the belt. The best possible increment is one which cuts across entirely the falling stream of the material by means of a suitable receptacle passed from one side of a stream to the other without allowing the material to overflow the receptacle. The stream should be sampled systematically by taking material from all portions.

7.4 Sampling by Stopped Belt Method  Can we provide figures for images for priocedure?)

If it is practicable to stop the conveyor belt periodically, larger quantity of dolomite constituting unit sample may be drawn from the belt so as to avoid frequent stoppage of the belt and interruption of the flow of material. The mass of each unit sample shall be not less than 40 kg and it shall be collected from the full width and thickness of stream. The number of unit samples as given in Table 2 shall be equally spread over the entire sub-lot.



8 DETERMINATION OF SIZE DISTRIBUTION

8.1 The size distribution of dolomite in a lot shall normally be estimated as given below:

a) Over 200 mm;

b) Over 150 mm and up to 200 mm;

c) Over 50 mm and up to 150 mm;

d) Over 10 mm and up to 50 mm;

e) Over 1 mm and up to 10 mm; and

f) 1 mm and below.

If necessary, dolomite of other sizes may also be estimated. The sizes given above are not standard ISO sieve sizes. Do we need to modify it?

In the determination of size distribution sieves of suitable sizes as specified in IS 460 (Part 1) or IS 460 (Part 2) shall be used wherever possible. The standard test sieve will, after period of time, become less accurate. The sieve shall, therefore, be periodically checked according to IS 460 (Part 3) and the correction factor to be applied to the result shall be determined.

8.2 Gross Samples Constituted by Aggregating Unit Samples 

Each gross sample shall be screened successively through selected sieves (see 8.1) and the quantity retained on each of the sieves, and that passing through the smallest sieve, shall be weighed separately and recorded.

8.2.1 Size distribution for the lot shall be estimated as follows:



a) Over 200 mm, percent        



b) Over 150 mm, and

up to 200 mm, percent  	 



c) Over 50 mm, and

up to 150 mm, percent		 



d) Over 10 mm, and

up to 50 mm, percent    	 



e) Over 1 mm, and

up to 10 mm, percent    	



f) 1 mm and below,

percent       		  

where



………are the masses of the different gross sample or unit sample;

………are the corresponding masses of dolomite of size exceeding 200 mm;

………are the corresponding masses of dolomite of size over 150 mm, and up to                                   200 mm;

………are the corresponding masses of dolomite of size over 50 mm, and up to 150 mm;

………are the corresponding masses of dolomite of size over 10 mm, and up to 50 mm;

………. are the corresponding masses of dolomite of size over 1 mm, and up to 10 mm; and

 ………are the corresponding masses of dolomite of size over 1 mm, and below.

NOTE — Percentage of material of any other desired sire shall be calculated on similar lines.

8.3 Gross Samples Constituted by Aggregating Increments 

Where the gross samples do not contain any lump over 200 mm the procedure detailed in 8.2 and 8.2.1 shall be followed for estimating the size distribution in the lot, the percentage of material over 200 mm being nil.

8.4 Where the gross samples contain some lumps over 200 mm, the portion of the gross samples excluding such lumps shall be treated as in 8.2.

8.4.1 The size distribution for the lot shall be estimated as follows:



a) Over 200 mm, percent     		



b) Over 150 mm, and         		

Up to 200 mm, percent



c) Over 50 mm, and         		

Up to 150 mm, percent



d) Over 10 mm, and,     	 	

Up to 50 mm, percent



e) Over 1 mm, and			

Up to 10 mm, percent



f) 1 mm, and below, percent		



where

………..are the masses (in kg) of the different gross samples excluding lumps over 200 mm

n is the total number of lumps over 200 mm in all the gross samples, and



……….; are as defined in 8.2

NOTE — Mass of each lump is taken to be equivalent to one increment, that is, 4 kg. Why 4 Kg in IS 8562 it is 8 Kg?



9 REDUCTION OF A GROSS SAMPLE

9.1 Moisture Sample 

Each of the gross samples shall be sent first for size determination and only after that the sample preparation shall be carried out. For moisture determination, moisture sample of 20 to 25 kg shall be taken from each gross sample in not less than 5 increments after crushing the material to -10 mm size by mechanical or manual means. From this 20 to 25 kg material, two or more samples of 1 kg each shall be drawn for moisture determination.

NOTE — If needed, separate moisture samples may be drawn from the sub-lot by any other procedure, as agreed to between the purchaser and the supplier.

9.2 Preparation of Samples for Chemical Analysis 

Dolomite in each gross sample shall be first crushed in a jaw crusher, roll crusher or manually using a hammer or pounder and a suitable steel plate, till the material in gross sample is of -10 mm size. Duplicate moisture samples of 1 kg each may be collected at this stage, if not already done. The rest of the material shall be mixed well and reduced, to 20 kg which shall then be further processed in stages as detailed in Fig. 2, to prepare the laboratory samples for chemical analysis. For reduction at various stages one of the methods detailed in 9.2.1 to 9.2.3 shall be followed. The mass of each laboratory sample shall be at least 200 g.

NOTE — The lumps obtained while collecting the increments (see 4.1.1.1) shall be crushed separately and one scoopful for each lump (approximately 4 kg for run of mine ore) shall be taken along with the materials of other sizes in the gross sample for reduction as detailed in 9.2.

[image: ]

FIG.2 STAGES OF REDUCING A GROSS SAMPLE



NOTE — Step 850 micron may be bypassed in case mechanical sample preparation. (Are the above sieve sizes correct per IS 460 NEW STANDARD sieve size? If not please modify and clarify the same?





9.2.1 Reduction by Riffle Divider

After each crushing, the material shall be well mixed and poured into the riffle. This process shall be repeated using rifles of different sizes according to the size of the crushed material. (Can we include figures for understanding?)

9.2.2 Coning and Quartering Method (Can we include figures for understanding?)

In this method the crushed dolomite shall be well mixed and then scooped into a cone-shaped pile. Care shall be taken to drop each scoopful over the same spot to ensure even distribution of lumps and fines on all sides of the cone.

After the cone is formed it shall be flattened by pressing the top of the cone with the smooth surface of the scoop. Then, it is cut into quarters by two lines which intersect at right angle at the center of the base of the cone. The bulk of the sample is reduced to half by rejecting any two diagonally opposite quarters.

9.2.3 Increment Reduction Method

The division of the gross sample (after being crushed to 10 mm) by the manual increment division method (see Fig. 3) shall be carried out according to the following procedure. It is advisable to have at least 20 increments under this method.

The size of the increment shall be as specified in Table 3.

a) Spread the crushed sample on a smooth, flat and non-moisture absorbing plate, into a uniform flat rectangle of dimensions a × b mm.

b) Divide the rectangle into five equal parts lengthwise and four equal parts breadthwise (for 20 increments) as given in Fig. 3.

c) From each of the 20 parts so obtained, equal quantities, not less than that specified in Table 3, shall be collected with the help of a suitable scoop and combined together to form the reduced sample.

In the above procedure the scoop shall be inserted to the bottom of the sample layer and if necessary a bumper plate may be inserted in front of the scoop to facilitate the operation

[image: ]

FIG.3 MANUAL INCREMENT DIVISION METHOD



		TABLE 3 SIZE OF INCREMENTS IN MANUAL INCREMENT

DIVISION METHOD

(Clause 9.2.3)



		Sl No.

		SIZE OF MATERIAL

		THICKNESS OF LAYER

		QUANTITY TO BE ONTAINED AT

ONE TIME FROM EACH PART



		

		(1)

		(2)

		(3)



		

		(mm)

		(mm)

		(g)



		i) 

		10

		30 to 40

		250



		ii) 

		4.75

		25 to 35

		150



		iii) 

		1.70

		15 to 25

		40



		iv) 

		0.85

		10 to 20

		25



		v) 

		0.15

		5 to 10

		5







10 NUMBER OF TESTS

10.1 Moisture Determination

All the moisture samples representing different sub-lots in a lot shall be tested individually for moisture content.

If needed, moisture determination shall be carried out in duplicate for each gross sample, to avoid change in moisture content, the moisture determination shall be done as quickly as possible.

10.2 Laboratory Samples for Chemical Analysis 

All the laboratory samples shall be tested individually for important characteristics. For the remaining characteristics, a composite sample prepared by mixing equal or proportionate quantities of dolomite from each of the laboratory samples shall be analyzed. Unless otherwise agreed to between the purchaser and the supplier, the following schedule of testing should be followed:

		Chemical Constituents

│



		│

Individual laboratory sample to be analyzed for:

		│

A composite sample to be analyzed for:



		a) Calcium Oxide

		a) Aluminum



		b) Silica

		b) Magnesium oxide



		c) Loss On Ignition

		c) Ferric Oxide



		

		d) Carbon Dioxide







11 REPORTING

11.1 Reporting of Moisture Content 

The result obtained from ith sub-lot shall be denoted by ‘’. In case duplicate test results are obtained for ith sub-lot, average of these two results shall be denoted by . The overall moisture content of dolomite in the lot shall be calculated by the following formula:

Average moisture content 



Where,

, is the mass of the ith sub-lot and symbol ⅀ stands for summation over all i’s.

11.2 Chemical Analysis

11.2.1 For those characteristics, where composite samples have been tested, only one test result will be available and that result shall be reported as the value of that characteristic for the lot sampled.

11.2.2 When two laboratory samples have been analyzed individually from a lot, the average of the two available test results shall be reported as the value of the characteristic for the lot sampled. The individual test results shall also be reported to give an indication of the range of variation in quality.

11.2.3 When three or more laboratory samples have been analyzed individually from a lot the following procedure shall be followed to assess the average quality and limits of variation.

Let  be the results of analyzing n laboratory samples for a particular characteristic.

Calculate,

Average () , if sub-lots are of approximately equal mass

or



Weighted average () , if sub-lots are of unequal masses



[bookmark: _GoBack]where,

w1, w2, w3…. wn are the mass of the sub-lots.

Range (R) = difference between the maximum and minimum of the values (when n is less than 10).

The average level of the characteristics in the lot shall be reported equal to ().

The limits of variation in the average level of the lot at 95 percent probability shall be reported as ( ± ℎR), where h is a factor, the value of which depends upon the number of laboratory samples analyzed. The appropriate value of the factor h shall be as given below for less than 10 number of laboratory samples:





		Number of Laboratory

Samples analyzed

		Value of Factor ‘ℎ’



		2

		6.36



		3

		1.30



		4

		0.72



		5

		0.51



		6  

		0.40



		7

		0.33



		8

		0.29



		9

		0.25







However, when the number of sub-lots ‘n’ is equal to 10 or more, the corresponding results on laboratory samples (10 or more) should be divided into subgroups of equal size in order of their occurrence. For each group, range () should be calculated and the average value of range () should be used in place of . The value of  factor ‘h’ for these cases can be obtained using the Table 6 of IS 1548 and the example for calculation is given in 9.4.5.3 of IS 1548.
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FOREWORD

(Formal clauses to be added later)

The Standard was first published in 1962. 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 changes have been made: 

a) Title has been modified; and

b) Reference clause has been included.

If the ore is a pure mineral or is uniform in composition, sampling will be a very simple task, since any small portion of the ore will represent the entire bulk, but when it is recalled that the ore will reality, physical or mechanical mixture if many different substances, and the proportion of substances other than the pure mineral is subject to wide variation, even in a single deposit, the difficulty and importance of proper sampling can be easily realized.

For the purpose of sampling, quartzite available in this county has been classified into the following three categories on the basis of ore sizes:

a) Run-of mine ─ ore of all sizes up to 250mm;

b) Crushed and screened, large size ─ ore of sizes not more than 150 mm and not less than 50 mm; and

c) Crushed and Screened, small size ─ ore of sizes not more than 50 mm.

In the formulation of this standard, considerable assistance has been derived from the following publication:

a) JIS M 8100: 2018 Particulate Materials - General Rules for Methods of Sampling issued by the Japanese Standards Association.

This standard is one of a series of Indian Standard on sampling or ores and aggregates; other standards in this series are;

IS 1405: 2010 Iron ores - Sampling and sample preparation - Manual method (Third Revision)

IS 1449: 2010 Methods of sampling of manganese ores (Second Revision)

IS 1811: 1984 Methods of sampling foundry sand (First Revision)

IS 1999: 1987 Methods of sampling bauxite (First Revision)

IS 2109: 1982 Methods of sampling dolomite, limestone and other allied materials (First Revision)

IS 2246: 2023 Methods of sampling of fluorspar (Flourite)

Metric system has been adopted in India all the quantities and dimensions in this standard have been given in that system.

This standard is intended chiefly to cover the technical provisions relating to the sampling of quartzite and it does not include all the necessary provisions of a contract.

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)’. A 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

METHODS OF SAMPLING QUARTZ / QUARTZITE 

(First Revision of IS 2245)

1 SCOPE

1.1 This standard lays down the procedure to be followed in collecting and preparing samples form a lot in order to determine ore sizes, moisture content and the chemical composition of the quartzite in the lot. It details the procedures for sampling of the ores form stock piles, loaded rail wagons, conveyors and ship’s holds

1.2 This standard also includes a method for reporting the quality of the bulk of the quartzite sampled.

2 REFERENCES

The following 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 No.

		Title



		IS 460

		Specification for test sieve 



		  Part 1 : 2020

		Wire cloth test sieve (fourth revision)



		  Part 2 :  2020

		Perforated plate test sieve (fourth revision)



		  Part 3 : 2020

		Methods of Examination of Apertures of Test Sieves (fourth revision)





3 TERMINOLOGY

For the purpose of this standard, the following definitions shall apply.

3.1 Lot/Stock Pile ─ The quantity of quartzite indicated (by the supplier) to be of the same category (see foreword) offered for inspection at one time a lot may consist of the whole or a part of the quantity ordered for.

3.2 Sub-lot ─ The quantity ore in each of the groups into which a lot/stock pile is divided for the purpose of sampling.

3.3 Increment ─ The quantity of quantity of quartzite collected by filling up the sampling scoop to its capacity in a single motion of the scoop; the quantity obtained by mixing up two or more scoopfuls (as found necessary) is also called an increment.

3.4 Unit Sample ─ The quantity of quartzite drawn to be representative of a portion (section) of a sub-lot.

3.5 Gross Sample ─ The quantity of quartzite obtained by mixing together all the increments or unit samples collected from the same sub-lot.

3.6 Laboratory Sample ─ The quantity of quartzite obtained by reducing a gross sample following a specified procedure and intended for laboratory testing.

3.7 Moisture Sample ─ A laboratory sample meant exclusively for the determination of moisture content.

4 SAMPLING FROM STOCK PILE

The stock piles vary greatly in sizes particularly in height. Hence, it is quite difficult to obtain representative sample from stock pile and should be avoided.  Sampling should be done when the material is in motion (Refer 4.1). In case it becomes very much necessary to draw sample, any of the method described in 4.2 may be adopted.

4.1 Sampling during Loading or Unloading of Stock Piles

4.1.1 Sub-lots 

The quantity of quartzite to be loaded into or unloaded from a stock pile shall be considered as divided into the number of sub-lots, of approximately equal weight, specified in Table 1.

4.1.1.1 While loading or unloading the quantity of quartzite constituting a sub-lot, the number of increments specified under ‘point sampling’ in Table 2 (depending upon the quantity of quartzite in the sub-lot) shall be collected at regular intervals during the whole period of loading or unloading the sub-lot. The increments, each of weight specified in Table 3, Shall be collected from one or more garbs or baskets (filled with quartzite) used for loading or unloading.



		TABLE 1 NUMBER OF SUB-LOTS INTO WHICH A LOT/STOCK PILE IS TO BE DIVIDED

(Clause 4.1.1, 4.2.1, 5.1, 6.1 and 7.1)



		WEIGHT OF THE LOT/STOCK PILE 

(IN MATRIO TONNES)

		NO. OF SUB-LOTS



		Up to 1500

		2



		1501 to 8000

		3



		3001 to 6000

		4



		6001 to 10000

		5



		10000 to 30000

		6



		Above 30000

		10










		TABLE 2 NUMBER OF UNIT SAMPLES/INCREMENTS TO BE COLLECTED FROM A SUB-LOT

( Clause 4.1.1.1, 4.2.1.1, 4.2.1.2, 5.1.2, 5.1.3 and 6.1.1 )



		WEIGHT OF THE SUB-LOT (IN METRIC TONNES)

		SECTIONAL SAMPLING,

NUMBER OF UNIT SAMPLE FOR



		POINT SAMPLING,

NUMBER OF INOREMENTS FOR



		

		Run – of Mile (up to 250 mm in size)

		Crushed and Screened, Large Size (not more than 150 mm and not less than 50 mm in size)

		Crushed and Screened, Small Size (not more than 50 mm in size)

		Run-of-Mine (up to 250 mm in size)

		Crushed and Screened, Large Size (not more than 150 mm and not less than 50 mm in size)

		Crushed and Screened, Small Size (not more than 50 mm in size)



		Up to 100

		1

		1

		1

		4

		8

		10



		101 to 200

		2

		1

		1

		6

		14

		20



		201 to 300

		3

		2

		1

		8

		22

		30



		301 to 400

		4

		3

		2

		10

		30

		40



		401 to 500

		5

		3

		2

		12

		36

		48



		501 to  600

		5

		4

		3

		18

		48

		60



		601 to 700

		6

		5

		3

		24

		54

		72



		701 to 800

		7

		5

		4

		36

		60

		84



		801 to 900

		8

		6

		4

		36

		72

		96



		901 to 1 000

		9

		7

		5

		48

		72

		96



		1 001 to 1 200

		11

		8

		5

		48

		76

		120



		1 201 to 1 400

		14

		10

		7

		60

		120

		160



		1 401 to 1 700

		16

		12

		8

		60

		120

		180



		1 701 to 2 000

		18

		14

		10

		90

		150

		210



		NOTE ─ This refers to the number of unit samples to be collected from a sub-lot whose height is one mater. This should be increased or decreased according to the height of the sub-lot by multiplying the corresponding figures by the ratio:















		TABLE 3 WEIGHT OF THE INCREMENTS 

(Clause 4.1.1.1, 4.2.1.2, 5.1.1, 5.1.3 and 6.1.1)



		CATEGORY OF QUARTEINT 

		WEIGHT OF THE INOREMENT 

kg



		Run-of-mine (up to 250 mm in size)



		25



		Crushed and screened, large size (not more than 150 mm and not less than 50 mm in size)

		10



		Crushed and screened , small size (not more than 50 mm in size)

		5







4.1.2 Gross Samples

All the increments collected form the same sub-lot shall be mixed together to constitute a gross sample.

4.2 Sampling a Completed Stock Pile

4.2.1 Sub-lots 

Ore in the stock pile shall be divided into the number of sub-lots of approximately equal weight, specified in Table 1 by suitably marking the line of demarcation on the surface of the stock pile. The ore surface in the sub-lot shall be levelled before sampling. The sub-lots shall be sampled either by the method of sectional sampling (see 4.2.1.1) or by the method of point sampling (see 4.2.1.2).

4.2.1.1 Sectional sampling 

The number of unit samples to be collected from a sub-lot shall depend upon the quantity of quartzite in the sub-lot in accordance with Table 2. For collecting these unit samples, an equal number of points shall be located on the central longitudinal line of the ore surface in the sub-lot.

At every selected point, a unit sample shall be collected by taking the whole section of the ore from top to bottom over an area of a circle of 30 cm diameter. For doing so, ore form the surface down to a depth of approximately 45 cm shall be collected first. The bottom of the hole so formed shall be covered with a plate so that when the hole is dug further (to collect the unit sample) the ores form sides cannot fill the hole by falling down. This is repeated till the bottom is reached.

4.2.1.2 Point sampling 

The number of increments to be collected from a sub-lot shall depend upon the quantity of quartzite in the sub-lot, in accordance with Table 2. For collecting these increments, each of weight specified in Table 3, an equal number of points shall be located on (a) longitudinal parallel lines 1.5 m apart over the whole surface and (b) transverse parallel lines 1.0 m apart on the exposed sides of the sub-lot. The points shall be located so as to be evenly distributed over all the lines.

At each of these points a hole of 40-cm depth shall be made and increments shall be taken from it by the scoop. Care should be taken to prevent the ores from spilling over the edges of the scoop. The average granulometric composition of the increment must be as near as possible to the composition of the ore being sampled. 

While sampling run-of-mine quartzite, if a lump of size over 250 mm is encountered at any point, the lump shall be picked up as it is ( without breaking into pieces ) to be accounted for in the determination of ore size distribution as given under 8.3.2.1 and in the reduction of gross sample as given under 8.1. 

4.2.2 Gross Samples 

All the increments/unit samples collected from the same sub-lot shall be mixed together to constitute a gross sample.

4.3 Thus, a lot will be represented by as many gross samples as the number of sub-lots into which it has been divided. Each gross sample shall be processed further individually in accordance with 7 and 8 and tested in accordance with 10. 

5 SAMPLING FROM WAGONS 

Representative samples of quartzite may be collected either during the loading or unloading of the wagons, that is, when quartzite is in motion (see 5.1.1), or from loaded wagons, the former method being preferable. While sampling from the loaded wagons, the ore surface of all the wagons shall be levelled and the samples may be drawn either by the method of sectional sampling (see 5.1.2) or by the method of point sampling (see 5.13). 

5.1 Sub-lots 

For the purpose of sampling, all the wagons in the lot shall be divided into the number of sub-lots of approximately equal weight specified in Table 1. 

5.1.1 Sampling During Loading and Unloading

For sampling quartzite when it is being loaded into or unloaded from wagons, the number of increments specified under ' point sampling' in Table 2 (depending upon the quantity of quartzite in the sub-lot) shall be collected at regular intervals during the whole period of loading or unloading each sub-lot. The increments, each of weight specified in Table 3, shall be collected from one or more grabs or baskets ( filled with quartzite) used for the job.

5.1.2 Sectional Sampling

The number of unit samples to be collected from a sub-lot shall depend upon the quantity of quartzite in the sub-lot and be in accordance with Table 2. For collecting these unit samples, an equal number of points shall be located on the central longitudinal line of the ore surface of all the wagons in the sub-lot. At each of such points, a unit sample shall be collected as indicated in 4.2.1.1. 

5.1.3 Point Sampling

The number of increments to be collected from a sub-lot shall depend upon the quantity of quartzite in the sub-lot and be in accordance with Table 2. For collecting these increments, each of weight specified in Table 3, an equal number of points shall be located on the ore surface of all the wagons in the sub-lot to be sampled, in a chequer-board fashion. Figure 1 illustrates the location of sampling points in a chequer-board fashion, for taking 20 increments from a sub-lot of given size. At each of such points, an increment shall be collected as indicated in 4.2.1.2. 

NOTE ─ In the case of smaller lots of not more than 5 wagons, the unit samples/ increments shall be collected from each of the wagons in the sub-I t according to the methods given in 5.1.2 or 5.1.3. However, in the case of larger lots of more than 5 wagons, at least 25 percent of the wagons, subject to a minimum of 5, shall be selected at random from the sub-lot and then the required number of unit samples/ increments be evenly distributed over the selected wagons.

5.2 Gross Samples

All the increments/units samples collected from the same sub-lot shall be mixed together to constitute a gross sample.



FIG. 1 ILLUSTRATION OF THE LOCATION OR SAMPLING POINTS FOR 

TAILING 20 INCREMENTS FROM A SUB-LOT OF 200 TONNES OF 

CRUSHED AND SCREENED, SMALL SIZE ORE

5.3 Thus, a lot will be represented by as many gross samples as the number of sub-lots into which it has been divided. Each gross sample shall be processed further individually in accordance with 7 and 8 and tested in accordance with 10. 

6 SAMPLING DURING LOADING/UNLOADING OF SHIP

6.1 Sub-lots 

The quantity of quartzite in the ship's holds, constituting a lot, shall be divided into the number of sub-lots of approximately equal weight, and specified in Table 1. 

6.1.1 The number of increments to be collected from a sub-lot, shall depend upon the quantity of quartzite in the sub-lot in accordance with Table 2 (under point sampling). The increments shall be collected at regular intervals during the whole period of loading or unloading the material in the sub-lot. The increments, each of weight specified in Table 3, shall be collected at regular interval of grab discharge.

6.2 Gross Samples

All the increments collected from the same sub-lot shall be mixed together to constitute a gross sample. 

6.2 Gross Samples

All the increments collected from the same sub-lot shall be mixed together to constitute a gross sample. 



6.3 Thus, a lot will be represented by as many gross samples as the number of sub-lots into which it has been divided. Each gross sample shall be processed further individually in accordance with 7 and 8 and tested in accordance with 10. 

7 SAMPLING FROM CONVEYORS 

7.1 Sub-lots

For the purpose of sampling, the quantity of quartzite to be discharged over a conveyor shall be considered as divided into the number of sub-lots, specified in Table 1.

7.1.1 While the quantity of quartzite constituting a sub-lot is moving on the conveyor, the number of unit samples specified in Table 4 (depending upon the quantity of quartzite in the sub-lot), shall be collected at regular intervals during the whole period required to discharge the ore in the sub-lot. Each unit sample shall consist of the full width and thickness of approximately 1.5 m length of the ore stream, the weight of a unit sample being not less than 400 kg. If the stopping of the conveyor is not practicable for collecting the unit sample, they shall be collected at the discharge end, using some mechanical device.



		TABLE 4 NUMBER OF UNIT SAMPLES FOR SAMPLING FROM 

CONVEYOR

(Clause 7.1.1)



		WEIGHT TO THE SUB-LOT( IN METRIC TONNES)

		NUMBER OF UNIT SAMPLE FOR





		

		Run-of-Mine (up to 250 mm in size)

		Crushed and Screened, Large Size (not more than 150 mm and not less than 50 mm in size)

		Crushed and Screened, Small Size (not more than 50 mm in size)



		Up to 500

		1

		1

		1



		501 to 1000

		2

		2

		1



		1001 to 1500

		3

		2

		2



		1501 to 2000

		4

		3

		2



		NOTE ─ Weight of each unit sample shall not be less than 400 kg.





7.2 Gross Samples

All the unit samples collected from the same sub-lot shall be mixed together to constitute a gross sample. 

7.3 Thus, a lot will be represented by as many gross samples as the number of sub-lots into which it has been divided. Each gross sample shall be processed further individually in accordance with 7 and 8 and tested in accordance with 10. 

8 DETERMINATION OF ORE SIZES 

8.1 The size distribution of the quartzite in a lot shall normally be estimated as recommended below: 

a) Over 250 mm, 

b) Under 250 mm and over 150 mm, 

c) Under 150 mm and over 50 mm, 

d) Under 50 mm and over 10 mm, 

e) Under 10 mm and over 1 mm, and 

f) Under 1 mm.

    If required, other size fractions as agreed between supplier and purchaser.

NOTE — In the determination of ore size distribution, sieves of suitable sizes specified in IS 460 (relevant parts) Specification for Test Sieves, shall be used, wherever possible. 

8.2 Gross Samples by Sectional Sampling 

8.2.1 Each gross sample shall be screened successively through selected sieves (see 8.1) and the quantity of the ore retained on each of the sieves as also passing through the smallest sieve, shall be weighed separately and recorded. 

8.2.1.1 Ore size distribution for the lot shall be estimated as follows: 

		a) Over 250 mm (%)                               

		





		b) Under 250 min and 

over 150 mm (%)                                   

		





		c)Under 150 mm and                                

Over 50 mm (%)                                    

		





		d)Under  50 mm and 

over 10 mm (%)                                     

		





		e)Under 50 mm and 

over 10 mm (%)

		





		

f)Under 10 mm and 

Over 1 mm (%)

		







Where 

, ,  …………………	are the weights of the different gross samples; 

, , …………………. 	are the corresponding weights of ore of size exceeding 250 mm; 

, , ………………….	are the corresponding weights of ore of size under 250 mm and over 150 mm; 

, , …………………..	are the corresponding weights of ore of size under 150 mm and over 50 mm;

, , ,……………… 	are the corresponding weights of ore of size under 50 mm and over 10 mm;

, , .............................. 	are the corresponding weights of ore of size under 10 mm and over 1 mm; and 

, , ………………….are the corresponding weights of ore of size under 1 mm. 

NOTE — Percentage of ore of any other desired she shall be calculated on similar lines. 

8.3 Gross Samples by Point Sampling 

8.3.1 Where the gross samples do not contain any lump over 250 mm, the procedure detailed in 8.2.1 and 8.2.1.1 shall be followed for estimating the ore size distribution in the lot, the percentage of ore over 250 mm being nil. 

8.3.2 Where the gross samples contain some lumps over 250 mm, the portion of the gross samples excluding such lumps shall be treated as in 8.2.1. 

8.3.2.1 The ore size distribution for the lot shall be estimated as follows: 

		a) Over 250 mm (%)                  

		





		b) Under 250 mm and 

over 150 mm (%)                 

		





		c)Under 150 mm and 

over 50 mm (%)

		





		d) Under 50 trim and 

over 10 mm (%)

		





		e) Under 10 mm and 

over 1 mm (%) 



		





		f) Under 1 mm (%) 



		





    

Where, 

………….. 	are the weights ( in kg ) of the different gross samples excluding the lumps  over 250 mm;

 n is the total number of lumps over 250 mm in all the gross samples; and

 ,……….; ,...; ,...; etc are as defined in 8.2.1.1.



9 REDUCTION OF A GROSS SAMPLE 

9.1 Each gross sample shall be reduced separately. Each individual size group of ore above 50 mm in the gross sample (including the lumps of over 250 mm as obtained in 4.2.1.2) shall be crushed separately to below 50 mm with jaw crusher, roll crusher or by manual labor using pounder and a manganese steel plate. This crushed ore shall be thoroughly mixed and proportionate quantities from each size group including those less than 50 mm of the ore shall be taken to obtain 50 kg of the gross sample. The portion of the gross sample so obtained shall be mixed well and reduced in stages as detailed in Fig.2 to prepare the moisture sample for the determination of moisture content and laboratory samples for the determination of chemical composition. For reduction at various stages either of the methods detailed in 9.1.1 or 9.1.2 shall be followed. Each moisture sample and laboratory sample shall weigh 600 g.

9.1.1 Reduction by Coning and Quartering

The crushed ore shall be well mixed and then scooped into a cone-shaped pile. Care shall be taken to drop each scoopful exactly over the same spot as otherwise the central axis of the cone will be slackened and an uneven distribution of lumps and fines will result. After the cone is formed, it shall be flattened by pressing the top of the cone with the smooth surface of the scoop. Then it is cut into quarters by two lines which intersect at right angles at the center of the cone. The bulk of the sample is reduced by rejecting any two diagonally opposite quarters. 

9.1.2 Reduction by Using Sample Splitter or Riffle Sampler

Mechanical quartering is best done with a rifle. After each crushing, the ore shall be well mixed and poured into the riffle. This process shall be repeated using different size riffles according to the size of the crushed ore. 

9.2 The material in each moisture sample and laboratory sample shall be thoroughly mixed and divided into three approximately equal parts. A set consisting of material from each of the moisture sample and laboratory sample drawn from a single lot shall be given to the pure-chaser; another such set shall be given to the supplier and the third set shall be kept under seal as a referee sample. 

9.2.1 All the moisture samples and the laboratory samples shall be preserved in dry, clean and well-stoppered bottles, labelled with full identification such as the source of the ore, the category of the ore ( see foreword ), the supplier's name, the lot number and the date of sampling. These samples shall be sent to a laboratory, mutually agreed upon by the purchaser and the supplier, for the determination of chemical composition and moisture content.

[image: MTD IS 2245-FIG 2]

10 NUMBER OF TESTS 

All the moisture samples representing a lot shall be tested individually for moisture content. All the laboratory samples for chemical analysis shall be tested individually for important characteristics; for the remaining, a composite sample prepared by mixing equal quantities of the ore from each of the laboratory samples shall be analyzed. The chemical characteristics for which each laboratory sample is to be analyzed individually and also those for which a composite sample is to be tested, shall be as given in Table 5, unless otherwise agreed to between the purchaser and the vendor. 



		TABLE 5 NUMBER OF TESTS



		CHEMICAL CONSTITUENTS OF QUABTZITE FOR WHICH



		Laboratory Samples are Analyzed Individually

		A Composite Sample is Analyzed



		A12O2

		CaO



		Fe2O2

		MgO



		SiO2

		Alkalies 

Loss on ignition





 

11 REPORTING 

11.1 Reporting of Chemical Composition 

11.1.1 For those characteristics, where a composite sample has been tested, only one test result will be available and that result shall be reported as the value of the characteristic for the lot sampled. 

11.1.2 When only two laboratory samples have been analyzed individually from a lot, the average of the two available test results shall be reported as the value of the characteristic for the lot sampled. The individual test results shall also be reported to give an indication of the range of variation in quality. 

11.1.3 When three or more laboratory samples have been analyzed individually from a lot, the quality of the lot sampled with reference to each of the characteristics shall be reported as follows: 

Let ……………… be the results of analyzing 'n' laboratory samples for a particular characteristic. 

        Calculate 

Average (x̄) = 

          and Range (R) = the difference between the maximum and the minimum values 

The average level of that characteristic in the lot shall be reported as equal to x̄. 

The limits of variation in the average level of that characteristic in the lot shall be reported as ( x̄ ± hR ), where ‘h’ is a factor the value of which depends upon the number of laboratory samples analyzed. The appropriate value of the factor ‘h’ shall be taken from Table 6. 





		TABLE 6 VALUES OP THE FACTOR ‘h’



		NUMBER OF LABORATORY SAMPLE ANALYSED

		VALUE OF THE FACTOR ‘h’



		3

		1.30



		4

		0.72



		5

		0.51









11.2 Reporting of Moisture Content 

11.2.1 The results obtained by testing all the moisture samples representing a lot individually shall be reported in accordance with 11.1.2 or 11.1.3.
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FOREWORD

(Formal clauses to be added later)

The Standard was first published in 1962. This revision has been brought out to bring the standard in the latest style and format of the Indian Standards. It also incorporates the amendment issued to the last version of the standard.

In addition, the following changes have been made: 

a) Title has been modified; and

b) Reference clause has been included.

If the ore is a pure mineral or is uniform in composition, sampling will be a very simple task, since any small portion of the ore will represent the entire bulk, but when it is recalled that the ore will reality, physical or mechanical mixture if many different substances, and the proportion of substances other than the pure mineral is subject to wide variation, even in a single deposit, the difficulty and importance of proper sampling can be easily realized.

For the purpose of sampling, quartzite available in this county has been classified into the following three categories on the basis of ore sizes:

Run-of mine ─ ore of all sizes up to 250mm (This definition is different from IS 2109 ? Is it Correct? );

Crushed and screened, large size ─ ore of sizes not more than 150 mm and not less than 50 mm; and250mm (This definition is different from IS 2109 ? Is it Correct? );

Crushed and Screened, small size ─ ore of sizes not more than 50 mm. 250mm. (This definition is different from IS 2109? Is it Correct? );



In the formulation of this standard, considerable assistance has been derived from the following publication:

a) JIS M 8100: 2018 Particulate Materials - General Rules for Methods of Sampling issued by the Japanese Standards Association.

This standard is one of a series of Indian Standard on sampling or ores and aggregates; other standards in this series are;

IS 1405: 2010 Iron ores - Sampling and sample preparation - Manual method (Third Revision)

IS 1449: 2010 Methods of sampling of manganese ores (Second Revision)

IS 1811: 1984 Methods of sampling foundry sand (First Revision)

IS 1999: 1987 Methods of sampling bauxite (First Revision)

IS 2109: 1982 Methods of sampling dolomite, limestone and other allied materials (First Revision)

IS 2246: 2023 Methods of sampling of fluorspar (Flourite)

Metric system has been adopted in India all the quantities and dimensions in this standard have been given in that system.

This standard is intended chiefly to cover the technical provisions relating to the sampling of quartzite and it does not include all the necessary provisions of a contract.

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)’. A 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

METHODS OF SAMPLING QUARTZ / QUARTZITE 

(First Revision of IS 2245)

1 SCOPE

1.1 This standard lays down the procedure to be followed in collecting and preparing samples form a lot in order to determine ore sizes, moisture content and the chemical composition of the quartzite in the lot. It details the procedures for sampling of the ores form stock piles, loaded rail wagons, conveyors and ship’s holds

1.2 This standard also includes a method for reporting the quality of the bulk of the quartzite sampled.

2 REFERENCES

The following 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 No.

		Title



		IS 460

		Specification for test sieve 



		  Part 1 : 2020

		Wire cloth test sieve (fourth revision)



		  Part 2 :  2020

		Perforated plate test sieve (fourth revision)



		  Part 3 : 2020

		Methods of Examination of Apertures of Test Sieves (fourth revision)





3 TERMINOLOGY

For the purpose of this standard, the following definitions shall apply.

3.1 Lot/Stock Pile ─ The quantity of quartzite indicated (by the supplier) to be of the same category (see foreword) offered for inspection at one time a lot may consist of the whole or a part of the quantity ordered for.

3.2 Sub-lot ─ The quantity ore in each of the groups into which a lot/stock pile is divided for the purpose of sampling.

3.3 Increment ─ The quantity of quantity of quartzite collected by filling up the sampling scoop to its capacity in a single motion of the scoop; the quantity obtained by mixing up two or more scoopfuls (as found necessary) is also called an increment.

3.4 Unit Sample ─ The quantity of quartzite drawn to be representative of a portion (section) of a sub-lot.

3.5 Gross Sample ─ The quantity of quartzite obtained by mixing together all the increments or unit samples collected from the same sub-lot.

3.6 Laboratory Sample ─ The quantity of quartzite obtained by reducing a gross sample following a specified procedure and intended for laboratory testing.

3.7 Moisture Sample ─ A laboratory sample meant exclusively for the determination of moisture content.

3.8 Run-of mine ─ ore of all sizes up to 250mm. (This definition is different from IS 2109 ? Is it Correct? )

3.9 Crushed and Screened, large size ─ ore of sizes not more than 150 mm and not less than 50 mm.  (This definition is different from that given in IS 2109 ? Is it Correct?  )

3.10 Crushed and Screened, small size ─ ore of sizes not more than 50 mm. (This definition is different from that given in IS 2109 ? Is it Correct?  )

4 SAMPLING FROM STOCK PILE

The stock piles vary greatly in sizes particularly in height. Hence, it is quite difficult to obtain representative sample from stock pile and should be avoided.  Sampling should be done when the material is in motion by the method described in 4.1. In case it becomes very much necessary to draw sample, any of the method described in 4.2 may be adopted.

4.1 Sampling during Loading or Unloading of Stock Piles

4.1.1 Sub-lots 

The quantity of quartzite to be loaded into or unloaded from a stock pile shall be considered as divided into the number of sub-lots, of approximately equal weight, specified in Table 1.

4.1.1.1 While loading or unloading the quantity of quartzite constituting a sub-lot, the number of increments specified under ‘point sampling’ in Table 2 (depending upon the quantity of quartzite in the sub-lot) shall be collected at regular intervals during the whole period of loading or unloading the sub-lot. The increments, each of weight specified in Table 3, shall be collected from one or more garbs or baskets (filled with quartzite) used for loading or unloading.



		TABLE 1 NUMBER OF SUB-LOTS INTO WHICH A LOT/STOCK PILE IS TO BE DIVIDED

(Clause 4.1.1, 4.2.1, 5.1, 6.1 and 7.1)



		WEIGHT OF THE LOT/STOCK PILE 

(IN METRIC TONNES)

		NO. OF SUB-LOTS



		Up to 1500

		2



		1501 to 8000

		3



		3001 to 6000

		4



		6001 to 10000

		5



		10000 to 30000

		6



		Above 30000

		10





How would be ensured that mass would be below 2000 for newly added lots as in Table 2 only sublots whose mass is upto 2000 are given? What is the source of above data?




		TABLE 2 NUMBER OF UNIT SAMPLES/INCREMENTS TO BE COLLECTED FROM A SUB-LOT

( Clause 4.1.1.1, 4.2.1.1, 4.2.1.2, 5.1.2, 5.1.2.1, 5.1.2.2, and 6.1.1 )



		WEIGHT OF THE SUB-LOT(1) (IN METRIC TONNES)

		SECTIONAL SAMPLING,

NUMBER OF UNIT SAMPLE FOR



		POINT SAMPLING,

NUMBER OF INCREMENTS FOR



		

		Run – of Mile (up to 250 mm in size)

		Crushed and Screened, Large Size (not more than 150 mm and not less than 50 mm in size)

		Crushed and Screened, Small Size (not more than 50 mm in size)

		Run-of-Mine (up to 250 mm in size)

		Crushed and Screened, Large Size (not more than 150 mm and not less than 50 mm in size)

		Crushed and Screened, Small Size (not more than 50 mm in size)



		Up to 100

		1

		1

		1

		4

		8

		10



		101 to 200

		2

		1

		1

		6

		14

		20



		201 to 300

		3

		2

		1

		8

		22

		30



		301 to 400

		4

		3

		2

		10

		30

		40



		401 to 500

		5

		3

		2

		12

		36

		48



		501 to  600

		5

		4

		3

		18

		48

		60



		601 to 700

		6

		5

		3

		24

		54

		72



		701 to 800

		7

		5

		4

		36

		60

		84



		801 to 900

		8

		6

		4

		36

		72

		96



		901 to 1 000

		9

		7

		5

		48

		72

		96



		1 001 to 1 200

		11

		8

		5

		48

		76

		120



		1 201 to 1 400

		14

		10

		7

		60

		120

		160



		1 401 to 1 700

		16

		12

		8

		60

		120

		180



		1 701 to 2 000

		18

		14

		10

		90

		150

		210



		(1) This refers to the number of unit samples to be collected from a sub-lot whose height is one mater. This should be increased or decreased according to the height of the sub-lot by multiplying the corresponding figures by the ratio below and then rounding off the values so obtained to the nearest integer:















		TABLE 3 WEIGHT OF THE INCREMENTS 

(Clause 4.1.1.1, 4.2.1.2, 5.1.1, 5.1.3 and 6.1.1)



		CATEGORY OF QUARTEINT 

		WEIGHT OF THE INCREMENT 

kg



		Run-of-mine (up to 250 mm in size)



		25



		Crushed and screened, large size (not more than 150 mm and not less than 50 mm in size)

		10



		Crushed and screened , small size (not more than 50 mm in size)

		5





4.1.2 Gross Samples

All the increments collected form the same sub-lot shall be mixed together to constitute a gross sample.

4.2 Sampling a Completed Stock Pile

4.2.1 Sub-lots 

Ore in the stock pile shall be divided into the number of sub-lots of approximately equal weight, specified in Table 1 by suitably marking the line of demarcation on the surface of the stock pile. The ore surface in the sub-lot shall be levelled before sampling. The sub-lots shall be sampled either by the method of sectional sampling (see 4.2.1.1) or by the method of point sampling (see 4.2.1.2).

4.2.1.1 Sectional sampling 

The number of unit samples to be collected from a sub-lot shall depend upon the quantity of quartzite in the sub-lot in accordance with Table 2. For collecting these unit samples, an equal number of points shall be located on the central longitudinal line of the ore surface in the sub-lot.

At every selected point, a unit sample shall be collected by taking the whole section of the ore from top to bottom over an area of a circle of 30 cm diameter. For doing so, ore form the surface down to a depth of approximately 45 cm shall be collected first. The bottom of the hole so formed shall be covered with a plate so that when the hole is dug further (to collect the unit sample) the ores form sides cannot fill the hole by falling down. This is repeated till the bottom is reached.

4.2.1.2 Point sampling 

The number of increments to be collected from a sub-lot shall depend upon the quantity of quartzite in the sub-lot, in accordance with Table 2. For collecting these increments, each of weight specified in Table 3, an equal number of points shall be located on (a) longitudinal parallel lines 1.5 m apart over the whole surface and (b) transverse parallel lines 1.0 m apart on the exposed sides of the sub-lot. The points shall be located so as to be evenly distributed over all the lines. 

At each of these points a hole of 40 cm depth shall be made and increments shall be taken from it by the scoop. Care should be taken to prevent the ores from spilling over the edges of the scoop. The average granulometric composition of the increment must be as near as possible to the composition of the ore being sampled. 

While sampling run-of-mine quartzite, if a lump of size over 250 mm is encountered at any point, the lump shall be picked up as it is ( without breaking into pieces ) to be accounted for in the determination of ore size distribution as given under 8.3.2.1 and in the reduction of gross sample as given under 8.1. 

4.2.2 Gross Samples 

All the increments/unit samples collected from the same sub-lot shall be mixed together to constitute a gross sample.

4.3 Thus, a lot will be represented by as many gross samples as the number of sub-lots into which it has been divided. Each gross sample shall be processed further individually in accordance with 7 and 8 and tested in accordance with 10. 

5 SAMPLING FROM WAGONS 

Representative samples of quartzite may be collected either during the loading or unloading of the wagons, that is, when quartzite is in motion (see 5.1.1), or from loaded wagons, the former method being preferable. While sampling from the loaded wagons, the ore surface of all the wagons shall be levelled and the samples may be drawn either by the method of sectional sampling (see 5.1.2.1) or by the method of point sampling (see 5.1.2.2). 

5.1 Sub-lots 

For the purpose of sampling, all the wagons in the lot shall be divided into the number of sub-lots of approximately equal weight specified in Table 1. 

5.1.1 Sampling During Loading and Unloading

For sampling quartzite when it is being loaded into or unloaded from wagons, the number of increments specified under ' point sampling' in Table 2 (depending upon the quantity of quartzite in the sub-lot) shall be collected at regular intervals during the whole period of loading or unloading each sub-lot. The increments, each of weight specified in Table 3, shall be collected from one or more grabs or baskets ( filled with quartzite) used for the job.

5.1.2 Sampling from Loaded Wagons 

5.1.2.1 Sectional sampling

The number of unit samples to be collected from a sub-lot shall depend upon the quantity of quartzite in the sub-lot and be in accordance with Table 2. For collecting these unit samples, an equal number of points shall be located on the central longitudinal line of the ore surface of all the wagons in the sub-lot. At each of such points, a unit sample shall be collected as indicated in 4.2.1.1. 

5.1.2.2 Point sampling

The number of increments to be collected from a sub-lot shall depend upon the quantity of quartzite in the sub-lot and be in accordance with Table 2. For collecting these increments, each of weight specified in Table 3, an equal number of points shall be located on the ore surface of all the wagons in the sub-lot to be sampled, in a chequer-board fashion. Figure 1 illustrates the location of sampling points in a chequer-board fashion, for taking 20 increments from a sub-lot of given size. At each of such points, an increment shall be collected as indicated in 4.2.1.2. 

NOTE ─ In the case of smaller lots of not more than 5 wagons, the unit samples/increments shall be collected from each of the wagons in the sub-lot according to the methods given in 5.1.2.1 or 5.1.2.2. However, in the case of larger lots of more than 5 wagons, at least 25 percent of the wagons, subject to a minimum of 5, shall be selected at random from the sub-lot and then the required number of unit samples/ increments be evenly distributed over the selected wagons.

5.2 Gross Samples

All the increments/units samples collected from the same sub-lot shall be mixed together to constitute a gross sample.



FIG. 1 ILLUSTRATION OF THE LOCATION OR SAMPLING POINTS FOR 

TAILING 20 INCREMENTS FROM A SUB-LOT OF 200 TONNES OF 

CRUSHED AND SCREENED, SMALL SIZE ORE

5.3 Thus, a lot will be represented by as many gross samples as the number of sub-lots into which it has been divided. Each gross sample shall be processed further individually in accordance with 7 and 8 and tested in accordance with 10. 

6 SAMPLING DURING LOADING/UNLOADING OF SHIPS

6.1 Sub-lots 

The quantity of quartzite in the ship's holds, constituting a lot, shall be divided into the number of sub-lots of approximately equal weight, and specified in Table 1. 

6.1.1 The number of increments to be collected from a sub-lot, shall depend upon the quantity of quartzite in the sub-lot in accordance with Table 2 (under point sampling). The increments shall be collected at regular intervals during the whole period of loading or unloading the material in the sub-lot. The increments, each of weight specified in Table 3, shall be collected at regular interval of grab discharge.

6.2 Gross Samples

All the increments collected from the same sub-lot shall be mixed together to constitute a gross sample. 

6.3 Thus, a lot will be represented by as many gross samples as the number of sub-lots into which it has been divided. Each gross sample shall be processed further individually in accordance with 7 and 8 and tested in accordance with 10. 

7 SAMPLING FROM CONVEYORS 

7.1 Sub-lots

For the purpose of sampling, the quantity of quartzite to be discharged over a conveyor shall be considered as divided into the number of sub-lots, specified in Table 1.

7.1.1 While the quantity of quartzite constituting a sub-lot is moving on the conveyor, the number of unit samples specified in Table 4 (depending upon the quantity of quartzite in the sub-lot), shall be collected at regular intervals during the whole period required to discharge the ore in the sub-lot. Each unit sample shall consist of the full width and thickness of approximately 1.5 m length of the ore stream, the weight of a unit sample being not less than 400 kg. If the stopping of the conveyor is not practicable for collecting the unit sample, they shall be collected at the discharge end, using some mechanical device.



		TABLE 4 NUMBER OF UNIT SAMPLES FOR SAMPLING FROM 

CONVEYOR

(Clause 7.1.1)



		WEIGHT OF THE SUB-LOT( IN METRIC TONNES)

		NUMBER OF UNIT SAMPLE FOR





		

		Run-of-Mine (up to 250 mm in size)

		Crushed and Screened, Large Size (not more than 150 mm and not less than 50 mm in size)

		Crushed and Screened, Small Size (not more than 50 mm in size)



		Up to 500

		1

		1

		1



		501 to 1000

		2

		2

		1



		1001 to 1500

		3

		2

		2



		1501 to 2000

		4

		3

		2



		NOTE ─ Weight of each unit sample shall not be less than 400 kg.





7.2 Gross Samples

All the unit samples collected from the same sub-lot shall be mixed together to constitute a gross sample. 

7.3 Thus, a lot will be represented by as many gross samples as the number of sub-lots into which it has been divided. Each gross sample shall be processed further individually in accordance with 7 and 8 and tested in accordance with 10. 

8 DETERMINATION OF ORE SIZES 

8.1 The size distribution of the quartzite in a lot shall normally be estimated as recommended below: 

a) Over 250 mm, 

b) Under 250 mm and over 150 mm, 

c) Under 150 mm and over 50 mm, 

d) Under 50 mm and over 10 mm, 

e) Under 10 mm and over 1 mm, and 

f) Under 1 mm.

    If required, other size fractions as agreed between supplier and purchaser.

NOTE — In the determination of ore size distribution, sieves of suitable sizes specified in IS 460 (relevant parts) Specification for Test Sieves, shall be used, wherever possible. 

8.2 Gross Samples by Sectional Sampling 

8.2.1 Each gross sample shall be screened successively through selected sieves (see 8.1) and the quantity of the ore retained on each of the sieves as also passing through the smallest sieve, shall be weighed separately and recorded. 

8.2.1.1 Ore size distribution for the lot shall be estimated as follows: 

		a) Over 250 mm, percent                              

		





		b) Under 250 min and 

over 150 mm, percent

		





		c)Under 150 mm and                                

Over 50 mm, percent

		





		d)Under  50 mm and 

over 10 mm, percent

		





		e)Under 50 mm and 

over 10 mm, percent

		





		

f)Under 10 mm and 

Over 1 mm, percent

		







where 

, ,  …………………	are the weights of the different gross samples; 

, , …………………. 	are the corresponding weights of ore of size exceeding 250 mm; 

, , ………………….	are the corresponding weights of ore of size under 250 mm and over 150 mm; 

, , …………………..	are the corresponding weights of ore of size under 150 mm and over 50 mm;

, , ,……………… 	are the corresponding weights of ore of size under 50 mm and over 10 mm;

, , .............................. 	are the corresponding weights of ore of size under 10 mm and over 1 mm; and 

, , ………………….are the corresponding weights of ore of size under 1 mm. 

NOTE — Percentage of ore of any other desired she shall be calculated on similar lines. 

This size distribution is different in IS 2109 and IS 8652.Why cannot this be same?

8.3 Gross Samples by Point Sampling 

8.3.1 Where the gross samples do not contain any lump over 250 mm, the procedure detailed in 8.2.1 and 8.2.1.1 shall be followed for estimating the ore size distribution in the lot, the percentage of ore over 250 mm being nil. 

8.3.2 Where the gross samples contain some lumps over 250 mm, the portion of the gross samples excluding such lumps shall be treated as in 8.2.1. 

8.3.2.1 The ore size distribution for the lot shall be estimated as follows: 

		a) Over 250 mm, percent

		





		b) Under 250 mm and 

over 150 mm, percent

		





		c)Under 150 mm and 

over 50 mm, percent

		





		d) Under 50 mm and 

over 10 mm, percent

		





		e) Under 10 mm and 

over 1 mm, percent



		





		f) Under 1 mm, percent



		





    

where, 

………are the weights ( in kg ) of the different gross samples excluding the lumps over 250 mm;

 n is total number of lumps over 250 mm in all the gross samples; and

 ,….; ,.....; ,...; etc are as defined in 8.2.1.1.

NOTE — Each lump is taken to be equivalent to one increment of the run-of-mine, that is 25 Kg.

9 REDUCTION OF A GROSS SAMPLE 

9.1 Each gross sample shall be reduced separately. Each individual size group of ore above 50 mm in the gross sample (including the lumps of over 250 mm as obtained in 4.2.1.2) shall be crushed separately to below 50 mm with jaw crusher, roll crusher or by manual labor using pounder and a manganese steel plate. This crushed ore shall be thoroughly mixed and proportionate quantities from each size group including those less than 50 mm of the ore shall be taken to obtain 50 kg of the gross sample. The portion of the gross sample so obtained shall be mixed well and reduced in stages as detailed in Fig.2 to prepare the moisture sample for the determination of moisture content and laboratory samples for the determination of chemical composition. For reduction at various stages either of the methods detailed in 9.1.1 or 9.1.2 shall be followed. Each moisture sample and laboratory sample shall weigh 600 g.

9.1.1 Reduction by Coning and Quartering

The crushed ore shall be well mixed and then scooped into a cone-shaped pile. Care shall be taken to drop each scoopful exactly over the same spot as otherwise the central axis of the cone will be slackened and an uneven distribution of lumps and fines will result. After the cone is formed, it shall be flattened by pressing the top of the cone with the smooth surface of the scoop. Then it is cut into quarters by two lines which intersect at right angles at the center of the cone. The bulk of the sample is reduced by rejecting any two diagonally opposite quarters. 

9.1.2 Reduction by Using Sample Splitter or Riffle Sampler

Mechanical quartering is best done with a rifle. After each crushing, the ore shall be well mixed and poured into the riffle. This process shall be repeated using different size riffles according to the size of the crushed ore. 

9.2 The material in each moisture sample and laboratory sample shall be thoroughly mixed and divided into three approximately equal parts. A set consisting of material from each of the moisture sample and laboratory sample drawn from a single lot shall be given to the pure-chaser; another such set shall be given to the supplier and the third set shall be kept under seal as a referee sample. 

9.2.1 All the moisture samples and the laboratory samples shall be preserved in dry, clean and well-stoppered bottles, labelled with full identification such as the source of the ore, the category of the ore ( see foreword ), the supplier's name, the lot number and the date of sampling. These samples shall be sent to a laboratory, mutually agreed upon by the purchaser and the supplier, for the determination of chemical composition and moisture content.





[image: MTD IS 2245-FIG 2]



KINDLY PROVIDE THE IS SEIVE SIZE DATA AS PER THE NEW IS 460 PARTS?



10 NUMBER OF TESTS 

All the moisture samples representing a lot shall be tested individually for moisture content. All the laboratory samples for chemical analysis shall be tested individually for important characteristics; for the remaining, a composite sample prepared by mixing equal quantities of the ore from each of the laboratory samples shall be analyzed. The chemical characteristics for which each laboratory sample is to be analyzed individually and also those for which a composite sample is to be tested, shall be as given in Table 5, unless otherwise agreed to between the purchaser and the vendor. 



		TABLE 5 NUMBER OF TESTS



		CHEMICAL CONSTITUENTS OF QUABTZITE FOR WHICH



		Laboratory Samples are Analyzed Individually

		A Composite Sample is Analyzed



		A12O3

		CaO



		Fe2O3

		MgO



		SiO2

		Alkalies 

Loss on ignition





 

11 REPORTING 

11.1 Reporting of Chemical Composition 

11.1.1 For those characteristics, where a composite sample has been tested, only one test result will be available and that result shall be reported as the value of the characteristic for the lot sampled. 

11.1.2 When only two laboratory samples have been analyzed individually from a lot, the average of the two available test results shall be reported as the value of the characteristic for the lot sampled. The individual test results shall also be reported to give an indication of the range of variation in quality. 

11.1.3 When three or more laboratory samples have been analyzed individually from a lot, the quality of the lot sampled with reference to each of the characteristics shall be reported as follows: 

Let ……………… be the results of analyzing 'n' laboratory samples for a particular characteristic. 

Calculate 

Average (x̄) =  ; and

          Range (R) =           the difference between the maximum and the minimum values 

The average level of that characteristic in the lot shall be reported as equal to x̄. 

The limits of variation in the average level of that characteristic in the lot shall be reported as ( x̄ ± hR ), where ‘h’ is a factor the value of which depends upon the number of laboratory samples analyzed. The appropriate value of the factor ‘h’ shall be taken from Table 6 for less than 10 number of laboratory samples. 



		TABLE 6 VALUES OP THE FACTOR ‘h’

(Clause 11.1.3)



		NUMBER OF LABORATORY SAMPLE ANALYSED

		VALUE OF THE FACTOR ‘h’



		3

		1.30



		4

		0.72



		5

		0.51



		6

		0.40



		7

		0.33



		8

		0.29



		9

		0.25





However, when the number of sub-lots ‘n’ is equal to 10 or more, the corresponding results on laboratory samples (10 or more) should be divided into subgroups of equal size in order of their occurrence. For each group, range () should be calculated and the average value of range () should be used in place of . The value of  factor ‘h’ for these cases can be obtained using the Table 6 of IS 1548 and the example for calculation is given in 9.4.5.3 of IS 1548.

11.2 Reporting of Moisture Content 

11.2.1 The results obtained by testing all the moisture samples representing a lot individually shall be reported in accordance with 11.1.2 or 11.1.3.
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FOREWORD

This draft Indian Standard ( First Revision ) subject to its finalization is to be adopted by the Bureau of Indian Standards on recommendation of The Ores and Feed Casting Sectional Committee and approval of Metallurgical Engineering Division Council.

This standard was first published in 1989. 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: 

Economic mineral deposits are natural concentration of resources which form raw material for a number of industrial, agricultural and allied products. 'Exploration' of mineral deposit in the present context, is a term used in: 

a) Mineral search; and 

b) Mineral appraisal in known deposits for preparation of mineral inventory and for economic evaluation. 

Search for locating new deposits involves geological, geophysical, geochemical, biogeochemical and geobiological methods of prospecting, both on remotely sensed data as well as ground truth. 

The task of mineral appraisal is beset with the problems of: 

a) Identifying the spatial extent of the mineral body, called deposit; 

b) Limiting three dimensions of the possible payload with grade variation; 

c) Converting the volume to tonnage vis-a-vis tenor; and 

d) Denoting ore to waste proportion as well as grade variation over and within the ore bodies, so as to arrive at the economics of winning it with open-cast and/or underground mining as the case may be. 

Directly or indirectly, the implications are on the degree or assurance of predictive inference, after the studies are satisfactorily and scientifically carried out. Depending upon the exploration strategy and inputs, reliable estimates are possible on the limits of confidence attributed to the forecasts; even before the onset of the mining operations. 

The current classification relates to two basic approaches: 

a) Probability, that is, assurance of appraisal; and 

b) Feasibility, that is, techno-economic viability. 

It has, therefore, been felt necessary to formulate national standards and glossary of exploration terms covered in two Sections. 

Section I 'Reserves and resources' of mineral deposits 

Section 2 'Norms of exploration' for mineral appraisal covering the following aspects: 

a) Surface and subsurface geology; 

b) Geotechnical studies; and 

c) End use, etc. 

Being aware of the limitations in quantifying the error estimates over the estimates of tonnage, grade and many other predictive conclusions; the potential risk hazard of an investor in the unknown assets, such as minerals, is the factor influencing some guidelines to judge the certainty, to be standardised, for mineral industry to develop soundly. The methodology of reserve estimation as well as prediction of error-limits are' outside the scope of this document; for reasons of increasingly large variety of available procedures depending on the shape, size, nature and type of mineralization proposed to be taken up in any minerals exploration programme.

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






Indian Standard

CLASSIFICATION OF TERMINOLOGY FOR EXPLORATION OF MINERAL DEPOSITS 

(First Revision)

Section 1 Reserves and Resources

1 SCOPE 

This Section 1 specifies the definitives for a classification of terminology pertaining to reserves and resources of economic mineral deposits subjected to appraisal through mineral exploration.

2 CRITICAL DEFINITIONS

Five critical terms are being enunciated for appreciation of the terminological classification laid down in this standard. The scheme of classification thus envisaged, has been designed with due consideration towards the intensity of exploration and hence it has achieved the degree of certainty in assessments made thereof. The critical terms are as follows.

2.1 Ore

A solid and natural aggregate of one or more minerals, from which one or more metals or economic minerals can be extracted profitably and may encompass industrial minerals and rocks, for example, clays, abrasives and salt.

2.2 Deposit

An anomalous portion of earth's crust, where natural incidence of minerals or metals is high enough over the normal crustal abundance to be economically mineable.

2.3 Resource Base

A subjectively projected order of tonnage of ore minerals with least data on prognosis but with optimistic interpolations of alternative geological interpretations, so as to form the broad canvas for any long term planning.

2.4 Resources

A concentration of solid, liquid or gaseous materials on earth or any other celestial body in such form, that commercial extraction of the commodity is either possible at present or feasible within the foreseeable future, through a technology which has either existed on the drawing board or has found application on laboratory scale.

2.5 Reserve

A calculable tonnage of ore or metal including those that are believed, though not conclusively established, to exist within given mineralized boundaries and divisible into the categories of 'Developed', 'Proved', 'Probable and Possible', depending upon their degree of assurance on existence [see IS 5028], as perceived from a higher to a progressively lower order, inferred from geological appraisals

3 RESERVE CLASSIFICATION

Reserve of ore being a connotation of calculable tonnage with variable degree of assurance on the estimates, warrants a classification devised with greater exactitude in definitives. A fourfold classification, as under, should cover adequately.

3.1 Developed Reserve

3.1.1 This category includes the very best of the economically exploitable sections or parts of the deposit wherein, the degree of geological assurance on tonnage, grade and other physico-chemical-cum-metallurgical parameters are decidedly the highest. These reserves should be blocked out and be kept ready for immediate exploitation with quality and quantity estimated on mine development preparatory to industrial production. Ore blocking out is to be in suitable dimension, guided by the nature of physico-chemical characters of the deposit including beneficiability, if needed, as well as the method of working to be adopted in actual mining; with developmental mining carried out preferably on four sides of the block thus designated. Open-cuts, and/or cross-cuts for a systematic sampling must be provided at suitable and regular intervals. The error or estimation of tonnage should not exceed 10 percent.

3.1.2 Samples collected from open-cuts and crosscuts should be subjected to laboratory scale and pilot plant tests for determination of process parameters, namely handling, communition, beneficiation, agglomeration, for the ore. The reserve estimate has to be based upon cut-off grade which could sustain the current industrial requirements. Ore below the cut-off as well as the waste rock within the ore body, have to be sized up with commensurate degree of assurance in reference to mode of distribution and the relation with mineable ore. It is desirable that reserves, grade and waste quantity are indicated benchwise or levelwise for facilitating production planning and quality control system during the mining period to follow.

3.1.3 If the best known part of a deposit is not to be taken up for immediate mining for any geological, techno-economic or marketing reasons, or alternatively if some part of the deposit was partially mined in past and with further exploration acquired higher degree of assurance though not being set for immediate mining; even then the term 'Developed Reserve' should be applied for the reserves thus estimated and may include recoverable reserves as in vogue for the tonnage being ushered in for concurrent exploitation.

3.2 Proved Reserve

This category will have to encompass conclusions on all main geological aspects of the deposit or part thereof, in matters such as tonnage, grade, physico-chemical and metallurgical parameters. Though strictly a geological ore reserve, the reserve included herein, must have total evaluation of the type of occurrence, shape and structure of the deposit including attitude and tenor, etc, in different segments of the blocks under the purview of 'Proved Reserve'. The configuration of the mineral body should be defined by adequately spaced boreholes and/or exploratory openings. The information collected should be sufficient to facilitate pre-investment decisions on production planning, mine development, capacity projections and preparation of feasibility records with techno-economic options, alternatively delineated after studies on anticipated recoverable mine produce. The error of estimation in tonnage should be in the range of 10 to 20 percent.

3.3 Probable Reserve

This category implies a clearly lower status to the ore reserves in terms of degree of assurance, in spite of being still within the direction of economic considerations. Here the tonnage and grade are computed, based partly on the data retrieved from 'Developed' or 'Proved' blocks on extensions and partly from geological knowledge of analogous ore or mineral bodies within the metallogenetic province or epoch. This category thus must include the currently non-produceable parts of the deposits being exploited, developed or under feasibility study, besides the deposit which too may become producible with marginal improvements in economic and/or technological fronts. Peripheral portions of large iron ore deposit could exemplify the former while medium to small base metal prospects of India could illustrate the later kind of probable reserve, provided mineral exploration has been undertaken commensurate with desirable accuracy of vital conclusions thus enumerated. The error of estimate of tonnage should be in the range of 20 to 30 percent.

3.4 Possible Reserve

This category includes reserves estimated after exploration which may suffice for a rapid evaluation of tonnage, grade and physico-chemical characters of a deposit; based on assumed continuity of ore from geological evidences and/or widely spaced exploration openings, corroborating geophysical/geochemical survey data, large-scale geological maps and/or rather disconnected surface information’s from pits, cliff sections, mine faces and similar suggestive interpretations; if available. The 'Possible Reserves' may have an error level of 30 to 50 percent.

4 RESOURCE POTENTIAL

This includes tonnage estimates and grade prediction, etc, made on mineral bodies, which may be taken as incidences, prospects, reported occurrences, suspected emplacements on geological premises or hypothetical and imaginary ore bodies, not necessarily established to conclusively to be existing. Thus the 'Resource Potential' will enfold within its' ambit, both 'Resource' as well as 'Resource Base' and shall have futuristic implications rather than present day utility. 

5 CONFIDENCE OF ESTIMATION

5.1 Classical statistics based upon the concept of randomness of sample input and geostatistics based upon the concept of regionalization in geological variable have varied approaches to resource evaluation. The techniques of treating sampling data from geologically chosen points or mathematically decided spots of drawing, shall be realistically applied to project into the realms of the unknown and would end up in reliable forecast The techniques in this field are too exhaustive for enumeration or even exemplification. These also change both with respect to the nature of the geological model, namely, the deposit, as well as with the individual judgements of the experienced geoscientists. The confidence level of these estimation thus have variations, both natural and generated.

5.2 Statistical approach for estimating the reliability in a quantified manner is also an applied

field within the domain of ore reserve estimation.  The error standardisation in a porbabilistic model has been receiving impetus, due primarily to the increasingly large investment in planned projects and the consequent risk hazard inherent with mineral deposits. The adjudication of quantified risk factor before an investment decision, has been greatly facilitated with modern statistical techniques on treatment of samples and their results. The methodology in vogue has a much diversified application.

Section 2 Norms of Exploration

6 SCOPE

This (Section 2) provides classification of activities in each step of mineral exploration programme, depending upon the basis of works, and the objective at each step of the programme as well as the resultant status of resource evaluation. The various phases of the activities are as under:

a) Reconnaissance for broad inventory of the resources,

b) Preliminary exploration for establishment of developmental potentiality,

c) Detailed exploration for formulation of actual mine plans and designs, and

d) Guidelines for environmental studies.

7 RECONNAISSANCE

7.1 The basis of this initial level of work is often the disjointed and piece-meal information’s received on mineral incidence and/or interpretations from available literature.

7.2 The objective of reconnoitory phase is to search for mineral districts, narrow belts or prospects.

7.3 The activities of reconnaissance may include:

a) Geological mapping on 1: 200 000 to 1 : 50 000 scale;

b) Satellite imagery/Airborne geophysical survey/Regional geochemical survey, etc;

c) Synthesis of existing available geological, structural, tectonic date with regional correlation and analogy;

d) Petrographic analyses to ascertain the rock types and mineral assemblages;

e) Identification of mineral/zone of interest; and

f) Locating geophysical and geochemical anomalies and the determinations on causative sources.

7.4 The resultant status of the reconnaissance phase may register spatial definitions of commerciable mineralized zones, which may contribute to produce one or many blocks/prospects warranting further studies. If no zone qualifies into these considerations all subsequent interests may have to be called off.

8 PRELIMINARY EXPLORATION

8.1 The basis of this step in an exploration system is often the encouraging results of reconnaissance. In cases of more discreate informations from literature, personal knowledge or informal reports, the preliminary exploration phase is limited without going in through a reconnoitory phase.

8.l.1 The objective of preliminary exploration is to assess broad potential over a wide field area and selection of blocks/prospects for eventual detailed exploration, if necessary.

8.2 In order to narrow down the space and time of exploration by eliminating unproductive ranges, preliminary exploration is divisible into two stages namely, stage I and stage II.

8.2.1 The activities of the stage I of preliminary exploration programme should include:

a) Geological Mapping on 1 : 50 000 to 1 : 25 000 scale;

b) Analysis of the mining history of the region;

c) Petrographic study of all the lithological units;

d) Determination of the geological type for the deposit/occurrence and its analogy with

e) known deposits;

f) Soil sampling, stream sediment study and detailed geochemical prospecting;

g) Detailed group-geophysical prospecting;

h) Pitting and trenching/drilling wherever necessary; and

i) Assessment of geological data base including tectonic, stratigraphic, hydrological

j) and geotechnic studies.

8.2.2 The activities of stage II of preliminary exploration programme should include:

a) Surface survey including triangulation and bench height, with transference of national grids and bench marks and/or triangulation points on to the base map;

b) Limited surface geological mapping in scale 1 : 10000 to 1 : 2000;

c) Analyses of geology, structure, tectonics, history of investigation and mining and geological documentation of all exploratory works including pitting and trenching, core drilling and chemical analysis of samples thereof.

Drilling aspects comprise planning of the hole locations, execution and management of drilling, logging of holes in suitable format, and interpretation;

Chemical analysis aspect comprises the analysis of primary samples for grade, assay, composite samples for gauge composition, trace elements for deleterious constituents and check sampling for reliability tests;

d) Petrographic study of rocks associated with the mineral deposit and study of rocks suitable to host the mineral;

e) Mineralogical study of host and ore, grain size distribution, structures and textures and liberation characteristics wherever necessary;

f) Systematic geochemical sampling and interpretation;

g) Application of borehole geophysics;

h) Technological analyses of samples so as to indicate the ore characters and possible beneficiation techniques under bench scale testing conditions;

j) Preparation of geological cross-sections, longitudinal sections, slice plans and drawings correlating different litho-units and structures, isometric panel projections and block diagrams, etc, indicating (i) structural disposition, (ii) ore area, (iii) lithostratigraphic succession, (iv) grade maps as well as, (v) broad-based gradetonnage curves indicating trend features; and

k) Geomathematical evaluation of exploration data for facilitating the next phase.

8.3 Preliminary exploration enables an organization to derive the resultant status as follows:

a) Reserves of mineral deposit estimated in the 'Probable' and 'Possible' categories that is remain as identified resources;

b) Avoid inadequate, incomplete or superfluous studies accounting for infructuous expenditure;

c) Avoid subsequent unnecessary work if non-profitability is established at this phase;

d) Establish the initial evaluation of the economic soundness or otherwise of the project;

e) Determine the approximate cost estimate for the next phase of work;

f) Identify the gaps in the data base and technological know-how; and

g), Increase in confidence on the relative economic value of the deposit through reliable sample location, collection analysis interpretation and control during the execution of this phase.

9 DETAILED EXPLORATION

The basis of detailed exploration phase of the programme stems from the choice of mine-compatible blocks derived as conclusions from preliminary exploration programme.

9.1 The objective of detailed exploration is to provide stable data base for possible mine-feasibility studies to be carried on the in-shelf projects. The aims of the detailed exploration are as follows:

a) To firm up results obtained during preliminary exploration;

b) To collect more data on the mineral deposit with regard to ore geometry, reserves and grade distribution within the body, mine-ability, process-technological knowhow and marketability, etc;

c) To establish higher degree of accuracy and dependability by projecting the geometrical pattern of the deposit and blocking out reserves on a predetermined norm which would help in drawing up the mine plans;

d) To obtain mining - geological, details including waste dump yards and plant structural sites, etc; and

e) To help in the preparation of detailed project report for opening up the mine and exploitation of the mineral commodity.

9.2 The activities in the case of detailed exploration must include:

a) Preparation of a base map with total complement of surface survey details and geology as the preliminary exploration stage II but with details commensurate with the scale of 1 : 1 000 to 1 : 250, as and when necessary;

b) Physical execution of exploration input, such as: (1) Surface drilling or underground drilling at a closer interval with borehole surveys, (2) Aditing and trenching, (3) Collection of data on all the rock formations including host rock, hanging and footwall rocks, (4) Collection of geohydrological and environmental data, (5) Collection of borehole samples, composite samples and their laboratory testing, (6) Conducting beneficiation test on. pilot plant scale, (7) Preparation of detailed geological plant, X-sections and L-sections, (8) Ore reserve estimation (9) Estimation of confidence to assure quantitative reliability index for the conclusions, and (10). Broad outlines of grade and reserve distributions and waste inclusions within ore to facilitate mine planning;

c) Detailed documentation of exploratory works and geological information’s as appropriate to the scale of present operations;

d) Detailed geochemical sampling to make use of all trace elements;

e) Geophysical survey in drill holes and underground exploratory workings, wherever necessary;

f) Technological investigation of bulk samples;

g) Choosing the most suitable processings/treatment plant after pilot-plant scale and industrial scale testing of the produce;

h) Detailed study of physical properties of rocks and raw materials which control the development of the deposit and the choice of extraction procedure with drainage-ventilation-haulage methodology;

j) Geomathematical studies on the ore deposit and predictive forecasts; and

k) Environment database compilation comprising ground water, petromineral, rock mechanics and geotechnical studies.

9.3 The resultant status after the Detailed exploration will end up in estimates of reserves of the categories such as developed, proved, probable and possible; which shall be adequate for the purposes of the feasibility report on the mining of the mineral deposits explored so far.

10 QUANTUM OF EXPLORATION INPUT

Quantification of exploration requirements corresponding to various categories of reserves at different stages of exploration, shall depend upon:

a) Aim of the work;

b) Prediction accuracy desirable;

c) Shape, size and complexity of the mineral deposit;

d) Type of the mineral commodity; and

e) Geological homogeneity/heterogeneity.

10.1 In the absence of comprehensive feed-back data on exploited deposits and correlation with exploration programmes of past, broad groupings of the geological archetypes have been standardized on the basis of semblance in the attributes, which are:

a) Stratiform, stratabound, tabular bodies with predictable regular habit;

b) Lenticular bodies and massive bodies of irregular shape and grade, silicified linear zones;

c) Lenses, veins, and replacement bodies;

d) Gemstone and rare metal pegmatites reefs and veins; and

e) Placers and residual refractory mineral deposits.

10.2 Spacings in terms of exploration openings may be designed, based on experiences in India

and abroad and average characters of deposit archetypes. Judicious considerations of all aspects

may include necessary changes in exploration intervals, as per individual needs.

10.3 Exploration practice in different types of deposits is given in Annex A, for guidance.

11 ENVIRONMENTAL STUDIES

Environmental studies at different stages of exploratory work have been given in Annexes B and C.



ANNEX A

(Clause 10.3)

EXPLORATION PRACTICE IN DIFFERENT TYPES OF DEPOSITS

		Sl No.

		Types of Deposite

		Characteristics of deposite

		Principal Kinds of Minerals

		Exploration Practice



		(1) 

		(2) 

		(3) 

		(4) 

		(5) 



		

		Stratiform, stratabound and tabular deposits.

		Of regular habit with predictable change in trend with sharp to moderate physical contrast with bounding surfaces; low dipping to moderately steep, simply folded and faulted. Also as blanket cappings and surficial tabular bodies.

		Coal seams, lignite beds, iron-ore formations and cappings, manganese horizons in sedimentary and metasedimentary sequences, thick bauxite cappings, regional chromite lodes in large ultramafics; limestone, dolomite barytes, gypsum, potash and salt beds; chalk and fireclay; fuller's earth

		Wide-spaced drilling generally good enough up to probable reserve category with attendant alternate exploratory pit/trench openings for bulk sampling, as necessary.

Spacing for:

Coal, gypsum, potash and Salt beds 1 000 m Iron and manganese ore 400-200 m

Limestone and dolomite 500-300 m 

Bauxite of thick capping 400-200 m Chromite as regional load lodes 300-100 m Barytes formations 400-300m 

Progressive grid reduction for higher category. Adit in suitable topography. Dry drilling in bauxite and information vulnerable to wash



		

		Stratiform, stratabound and tabular deposits.

		of irregular habit and/or with faults of large measure folds solution cavities, irregular erosion and weathering (oxidation) feature, partings and bifurcations, igneous intrusives, facies changes, etc.

		Coal seams, lignite beds, iron-ore formations and cappings, manganese horizons in sedimentary and meta-sedimentary sequences, thick bauxite cappings, regional chromite lodes in large ultramafics, limestone, dolomite barytes, gypsum, potash and salt beds, chalk and fireclay; fuller's earth.

		Close-spaced, probing, choice of location and number of sites dependent on variability. Borehole geophysics in complicated fault or folded structures; regular grid pattern may be replaced by selection of sites best suited to unravel the structural complexity. Example may be cited of a faulted coal basin where the area may be subdivided into polygonal homogeneous blocks bounded by structural planes (here faults). Accessibility in complicated folded body is poor.



		

		Lenticular bodies of all dimensions including bodies occurring in echelon; silicified linear zones of composite veins.

		Gradual and abrupt charge in thickness and grade along strike and dip direction; bounding sur- faces of mineralized bodies often sharp, but in sulphides mostly defined by assay contacts; (a) massive bodies with irregular shape and grade-homogeneous distribution of metal values as in replacement and disseminated type bodies - shapes interpretative; (b) steeply dipping narrow bodies with or without pitch; pinch and swell type, with or without bifurcations, partings etc.

		Base metal sulphides, supergene iron and manganese bodies in lateritced country pockety bauxite and nickel cobalt laterites, auriferous quartz reefs, graphite lenses; porphyry deposits of copper, molybdenum and tin; pyrites and pyrrhotite bodies.

		Moderate to close-spaced drilling and pitting up to probable reserves; adits/ shafts and two level development and underground boreholes for steeply dipping bodies with deviation check; sampling interval commensurate with complexity (0.5 m to 1.0 m) check sampling. Spacing of probe points along strike generally not to exceed 200 m to be decided on the length of individual lenses in series drilling in dipping mineralized zones. fewer probe points in deeper intersections. Drilling preferably with application of borehole geophysics. Exploration planning to be guided by the results of ground geochemical and geophysical surveys.



		

		Lenses, veins and pockets; stock-works, irregular shaped, modest to small size bodies.

		Bodies distributed in space lacking estimable regular patterns; structural control less than lithologic, if any; small cluster of multi-shaped bodies, of volcanic origin pipes and chimneys, of magmatic origin plugs and pods, clots and seggregations of hydrothermal origin vein and replacement. Bodies in stock-work. Metamorphic and metasomatic in skarn and tectites, in griesens and in thermal aureole around intrusives

		Small multimetal complex sulphide bodies of Cu-Pb-Zn-Sb-Hg, podiform chromite; Sn-Ag chimneys and pipes; tectite mineral bodies; skarn deposits of scheelite, powellite, wollastronite, fluorite, etc, and semigem minerals, network of apatite, barytes, asbestos veins, vermiculite bodies, magnesite lenses and mica in pegmatite, pyrophyllite lens and veins, opal, insitu-sillimanite, kyanite lenses, high grade bauxite in clay pockets, clay, ochre and bentonite lenses, diamond pipes

		Irregularity in shape and distribution of grade demand larger input of exploratory mining, deep pitting, trenching/benching, level development in underground mines with supporting underground boreholes. Close drilling (50 m – 25 m) to assess grade wise estimates of reserves. Well documented surveys surface and sub-surface. Proved category difficult to achieve. Exploration planning to be guided by the results of careful ground geochemical and geophysical surveys. Exploration preferably with attendant exploitation scheme.



		

		Gemstone and rare metal pegmatites, reefs and veins.

		Highly erratic distribution of minerals and metals. No trend in grade and thickness; no assured continuity; cluster of high values haloed by barren zones; structural and litholigic controls indeterminate.

		Tin-tungsten-tantalum-niobium -molybdenum veins and pegmatites; beryl, topaz, emerald deposits, mineralization associated with alkaline rock complexes and veins in carbonatites.

		High input of exploratory mine openings-open pit or underground with bulk determination of grade. Role of drilling secondary to delineate likely outline of host rock. Category of reserve unattainable beyond possible reserves.



Exploration of regional and preliminary resource evaluation scale followed by direct exploitation. 



		

		Placers and residual refractory mineral deposits of hill and valley wash.

		Eluvial, colluvial and alluvial placer concentration of heavy metals and minerals; pebble and cobble, boulder beds, gravel beds in alluvium and colluvium; conglomerates, foothills fan deposits, grain-size from extremely fine striated material to rough to polished boulders.

		Placer tin and gold deposits, monazite, garnet, Limenite, rutile; diamoniferous conglomerate; floats and gravel beds of corundum, kyanite, sillimanite, floats and talus deposits of magnetite.

		Pitting in grids; trenching hydraulicking, sluicing and pannings for bulk sample, concentration and concentrate analysis, large diameter drilling; boulder exposure tracing in alluvial and colluvial terrains; geomorphic analyses of terrain and slope formation












ANNEX B

(Clause 11)

GUIDELINES FOR ENVIRONMENTAL STUDIES FOR EXPLORATION/MINING

B-0 The environmental base line data is to be acquired during mineral exploration comprising the following:

a) Geoscientific data base;

b) General demographic data.

B-1 GEOSCIENTIFIC DATA BASE

B-1.1 Geological Documentation

B-1.1.1 Geological map of the area (Quaternary and recent formations to be mapped if needed).

B-1.1.2 General Geological Data:

a. Lithology and its distribution pattern

b. Rock texture and its variability

c. Mineralogical data for significant lithologies

d. Chemical composition of rocks and soils

e. Type of deposits

f. Thickness of soil cover and other overburden/ interburden

g. Thickness of ore body with its morphological feature

h. Ore to overburden data

B-1.1.3 Structural Geological Data:

a. Lineament

b. Folds

c. Faults

d. Foliation

e. Joints

f. Dip and strike

g. Igneous intrusions (dykes, sills, etc)

B-1.1.4 Rock Texture, (crystallinity, grain size, shape, etc).

B-1.2 Geomorphological Map and Terrain Analysis

B-1.2.1 Geomorphological Map, on a scale of not less than 1 : 50 000.

B-1.2.2 Land forms-hills, plateaux spurs, valleys, low-lying platead, scarps, peneplained areas, height from local erosional surface. Surface water regime-flow dimensions of rivers, streams and nallas, ponds, lakes and reservoir-bodies, etc. Water-falls with water flow measurement during the different local seasons. General stream system with its relation to minor/major river basins ( for regional-scale documentation and landsat imageries if available, may be used ).

B-l.2.3 Terrain Analysis

B-l.2.3.1 Break of slope analysis

B-1.2.3.2 Vulnerability of soil/surface deposits, etc, to erosion, sate of erosion due to surface drainage, etc.

B-1.3 Geotechnical Documentation

B-1.3.1 Slope Stability Study, of hill and natural slopes.

B-1.3.2 Geological Discontinuities, (Nature of their occurrence, orientation and position in space, continuity, intensity, surface properties, etc).

B-1.3.3 Geological Hazards Studies, (Subsidence, landslides, mud-flow, seismicity, etc. Past record, frequency, intensity, areal extent of areas prone to these hazards ).

B-1.3.4 Geotechnical Properties, of rocks to be subjected to mining operations. 

B-1.3.4.1 Joint survey, (Type of structure, position in space, orientation, intensity, joint wall rock hardness, continuity, gauge strength).

B-l.3.4.2 Physico-mechanical properties, of the rocks, soils, etc, and their distribution. Hardness, density, adsorption, soluble component, organic material, strength, elasticity, permeability, swelling index, etc.

B-1.3.4.3 Solid bed and soil quality analysis, (Grain size, plastic limit, water content, specific

gravity, bulk density, organic material content, soluble material content, coefficient of permeability, cohesion and coefficient of internal friction).

B-1.4 GeohydrologicaI Documentation

B-l.4.1 Geohydrological Map ofthe Area (showing groundwater table, aquifer, wells, spring, drainage channels reservoirs, etc).

B-1.4.2 Ground Water Inventory, (flow pattern with seasonal fluctuations to be specified).

B-1.4.3 Geophysical Data Acquisition, (available log of bore holes, data on temperature gradient and radio activity, etc).

B-1.4.4 Geochemical Investigations, of soil, ore-body, over-burden rocks, underlying rocks, etc, with particular reference to toxic elements.

B-1.4.5 Physical and Chemical Qualities, of surface and ground water:

a) Physical (Taste, Turbidity, Colour, Odour, etc)

b) Chemical 

· Total solids (Amount, nature and composition)

· Water analysis

c) (Important chemical constituents and deleterious substances/harmful elements, total hardness, Eh, pH, COD or chemical oxygen demand, etc)

d) Bacterial analysis (coliform test)

B-l.5 Other Potential Hazards

B-1.5.1 Air

B-1.5.1.1 Background qualitative appraisal, of ambient air quality. Mass concentration of the particulate matter (mg/m3) , sulphur oxides ( mg/m3 ), nitrogen oxides, carbon dioxide, carbon monoxide hazardous toxicants, etc.

B-1.5.1.2 Atmospheric heal

B-1.5.1.3 Radioactivity (particulate) in air

B-1.5.1.4 Thermal discharge, due to spontaneous combustions, mine fires, etc.

B-1.5.2 Noise and Vibration

B-1.5.2.1 Existing level

B-1.5.2.2 Possible causes/sources

B-l.5.2.3 Effect/observation, if any

B-2 GENERAL DEMOGRAPHIC DATA

B-2.1 Location

B-2.2 Aerial Extent

B-2.3 Altitude

B-2.4 General Topography

Topographic map of the area marked or referred to with at least a triangulation station or other established altitude points (bench mark), on a scale or 1 : 50 000 with a contour interval of not more than 20 m to be submitted with a brief description of topography.

B-2.5 Features Existing Within 10 km of the Site

B-2.5.1 Human Settlements, number of villages and their population (including tribal), with particulars regarding their means of livelihood and habits. Fishing habits if any; prevailing earning structure of the common people. Festivals and fairs (Places of religious importance and their ages). Incidence of gypsy camps/settlements in the area.

B-2.5.2 Lands, distribution of government and private land, showing land-use pattern on map, specifying the forest land, revenue land, cultivable land, grazing land, etc. Type of cultivation, irrigational infrastructure. Cropping pattern, Income pattern from land, public attitude for mineral exploration from present land-use.

B-2.5.3 Weekly shandy markets, shopping and recreational facilities, schools and hostels, etc.

B-2.5.4 National parks, sanctuaries, places of archaeological interest, caves, other tourist spots, beach resorts, etc.

B-2.5.5 Railways, tramlines, aerial ropeways electrical transmission lines/substations, telephone lines, national/state highways, roads, tracks, waterways, pipelines, etc.

B-2.6 Meteorological Data, (with average annual and seasonal fluctuation pattern based on at least 5 years’ data).

B-2.6.1 Temperature (in °C)

B-2.6.2 Rainfall (in mm)

a) Monthly precipitation,

b) Annual average, and

c) Range.

B-2.6.3 Snowfall-Period, days in a year.

B-2.6.4 Fog and Frost-Period, days in a year.

B-2.6.5 Dust Storming and Cyclones-Period, Frequency, vulnerability of the area.

B-2.6.6 Wind Speed and Direction

B-2.6.7 Humidity

B-2.7 Ecological Conditions

B-2.7.1 Fauna, Wild life habitat, aquatic life, cattle, birds, snakes and scorpions, insects, rodents, distinctive micro-organisms in soil and water (Data should be supported by studies carried out by Zoological Survey of India, if any).

B-2.7.2 Flora, Type of forest and its economic value. Density-Trees per hectare vis-a-vis mineable reserves. Rare species in the area and their present use. Fruit-bearing trees. Pasturage. Local fodder growth (Data should be strengthened as far as possible, by records from Divisional Forest, Officer and Botanical Survey of India).

B-2.8 Aesthetic Qualities

B-2.8.1 Visual Quality and Scale of Existing Lands

B-2.8.2 Land-Water Interface

B-2.8.3 Water Surface Quality

B-2.8.4 Wooden Shoreline

B-2.9 Socio-Economic Baseline

B-2.9.1 Present Infrastructure

B-2.9.2 Likely Developments Due to possible Mining activity




ANNEX C

(Clause 11)

ENVIRONMENTAL PROGRAMME FOR EXPLORATION PROJECTS

C-l PRELIMINARY EXPLORATION-STAGE I 

C-l.1 Reconnaissance 

Flora, fauna ecological archaeological, historical and heritage surveys.

C-l.2 Establish air, water and noise, ambient quality monitoring programmes. Assist in the location of access roads, drilling and camp sites and sight lines to reduce site impacts; supervise repair work.

C-2 PRELIMINARY EXPLORATION STAGE II

C-2.1 Extend and upgrade the reconnaissance surveys. undertake preliminary surveys of terrain, soils and erosion, hydrological and meteorological studies and surveys of existing land use, residents and rural properties, local communities and townships to cover area affected by possible mining project options.

C-2.2 Expand monitoring programmes into additional areas of potential disturbance. Work out cost-conceptual environmental engineering safeguards to minimise potential impacts associated with the components of the various project options.

C-2.3 Prepare CAC report, that is, Constraints, Alternatives and Safeguards report.

C-3 DETAILED EXPLORATION/PREFEASIBILITY

C-3.1 Undertake investigations of natural and physical environment, land use, cultural, sociological and economic aspects of people and communities to ensure all potential constraints on the project are identified and defined.

C-3.2 Analyse the results of ecological, air, noise and water quality monitoring to establish ambient conditions before mining.

C-3.3 Examine each component of the project, the construction and the operational stages in order to identify and minimize direct and/or indirect impacts due to pollution and conflicts at the local, state and national levels, by change in the design and/or addition of safeguards and controls.

C-3.4 Prepare the environmental impact statement, detailing the likely and unavoidable effects of the projects.

C-4 PROJECT PLANNING

C-4.1 Undertake any additional work required by authority’s plan and commence all long term and detailed environmental studies and research; to establish base-line conditions accurately.

C-4.2 Upgrade air, water and noise monitoring.

C-4.3 Commence rehabilitation trials.

C-4.4 Finalise design details for safeguards to satisfy pollution control requirements.
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INDIAN STANDARD ON METHOD OF DETERMINATION OF ANGLE OF REPOSE FOR IRON ORES FINES IN BULK



Prepared by Mitra S K Pvt. Ltd

_____________________________________________________________________

FOREWORD

(Formal clauses will be added later)



This Indian Standard is going to  be adopted by the Bureau of Indian Standards, after the draft finalized by the Ores and Feedstock for Iron and Steel Industry Sectional Committee to be approved by the Metallurgical Engineering Division Council.



The test methods prescribed in this standard are intended to be used for assessment of the quality of refractory castables as well as for checking their conformity to the specification.



Angle of repose is a test required primarily by the marine ships loading bulk cargo determine the cargo behavior to slide at certain angle. Bulk granular materials when poured on a flat surface will create a conical pile. The internal angle between the surface of the pile and the horizontal surface is called as ‘angle of repose’. Angle of repose is generally dependent on the bulk density, surface area, and the shapes of the particle also the coefficient of friction.



One of the most difficult and dangerous cargoes to carry in bulk are granular cargoes. If a ship has rolling of about 20° from the horizontal, which means that if the grain has angle of repose equal to or less than 20° , the cargo will shift. Then this happens the ship will develop a large lying on her side and still rolling will obviously cause a greater shift of cargo which in turn will capsize the vessel. 



During the Formulation of this Indian Standard, assistance has been derived from IMSBC CODE 2018 EDITION: Appendix 2



For the purpose of deciding whether particular requirement of this standard is complied with the final value, observed or calculated, expressing the result of a test or analysis, shall be rounded off in accordance with IS 2 : 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.

























INDIAN STANDARD ON METHOD OF DETERMINATION OF ANGLE OF REPOSE FOR IRON ORES FINES IN BULK



1. SCOPE



This Standards provides the test procedure for the determination of the angle of repose of fine-grained non-cohesive materials (size less than 10 mm). The results so obtained may be used when interpreting sections 5 and 6 of this Code for the materials in question.	Comment by Microsoft account: Min. Size 1 micron???



2. Terminology	Comment by Microsoft account: Can be neglected



2.1 Angle of repose for laboratory: The angle of repose obtained by this test is the angle formed between the horizontal and the top of the test box when the material in the box just begins to slide in bulk.



2.2 Angle of repose for Shipboard: According to this method, the angle of repose is the angle between the cone slope and the horizontal measured at half height.



2.3



3. Material requirements



4 Sampling/ selection of material



5 Methods for determination of Angle of repose



5.1 SECTION 1 TILTING BOX TEST FOR USE IN LABORATORY OR PORT OF LOADING	Comment by Microsoft account: Both Section 1 and Section 2 come under one Clause.



5.1.1 DEFINITION

The angle of repose obtained by this test is the angle formed between the horizontal and the top of the test box when the material in the box just begins to slide in bulk.



5.1.2 PRINCIPLE OF TEST

When measuring the angle of repose by this method, the material surface should initially be level and parallel to the test box base. The box is tilted without vibration and tilting is stopped when the product just begins to slide in bulk.





5.3 APPARATUS 

Description of the Tilting box apparatus is as follows:



5.3.1 A framework, on top of which is attached an open box. Attachment of the box to the frame is by means of a shaft passing through bearings affixed to both the frame and the end of the box, enabling the box to be subjected to a controlled tilt.



5.3.2 The dimensions of the box are 600 mm long, 400 mm wide and 200 mm high.



5.3.3 To prevent sliding of the material along the bottom of the box during tilting, a tightly fitting grating (openings 30 mm × 30 mm × 25 mm) is placed on the bottom of the box before filling.



5.3.4 Tilting of the box is effected by a hydraulic cylinder fitted between the frame and the bottom of the box. Other means may be used to obtain the required tilting but in all cases vibration must be eliminated.



5.3.5 To pressurize the hydraulic cylinder, a hydro-pneumatic accumulator may be used, pressurized by air or gas at a pressure of about 5 kg/cm2.



5.3.6 The rate of tilting should be approximately 0.3°/s.



5.3.7 Range of tilt should be at least 50°.



5.3.8 A protractor is fitted to the end of the shaft. One lever of the protractor is fitted so that it may be screw adjusted to the horizontal.



5.3.9 The protractor should measure the angle of the top of the box to the horizontal to within an accuracy of 0.5°.



5.3.10 A spirit level or some other levelling device should be available to zero the protractor.



[image: ]



Fig *** Sketch of tilting box



5.4 PROCEDURE



5.4.1 The box is filled with the material to be tested by pouring it slowly and carefully from the lowest practical height into the box in order to obtain uniformity of loading.	Comment by Microsoft account: If possible specify material (iron ore/fines, sinter or any for any ore)? As per the Title Material should be Iron ore fines.



5.4.2 The excess material is scraped off with the aid of a straight edge, inclined at about 45° towards the direction of scraping.



5.4.3 The tilting system is then activated and stopped when the material just begins to slide in bulk.



5.4.4 The angle of the top of the box to the horizontal is measured by the protractor and recorded.



5.5 EVALUATION



The angle of repose is calculated as the mean of three measurements and is reported to within half a degree up to one decimal place.	Comment by Microsoft account: Rounded off as per IS 2 

The three samples from a lot have to be measured with reference to the procedure given in Clause 5 and the following formula shall be followed to assess the mean of three measurements.



Let x1, x2 and x3 be the measurements derived from Clause 5 for evaluation of angle of repose.



Calculate,

Angle of repose   (x̄) =     * 100   

* is considered as a symbol for multiplication.



Notes: Preferably the test should be carried out with three independent samples. Care should be taken to ensure that the shaft is adjusted to be horizontal before testing.





5.2 SECTION 2 ALTERNATIVE OR SHIPBOARD TEST METHOD TO BE USED FOR THE DETERMINATION OF THE ANGLE OF REPOSE WHEN THE TILTING BOX IS NOT AVAILABLE	Comment by Microsoft account: Both Section 1 and Section 2 come under one Clause.



5.2.1 DEFINITION



According to this method, the angle of repose is the angle between the cone slope and the horizontal measured at half height.



5.2.2 PRINCIPLE OF TEST

To determine the angle of repose, a quantity of the material to be tested is poured very carefully out of a flask onto a sheet of rough-textured paper, in such a way that a symmetrical cone is formed.



5.2.3 EQUIPMENT

The necessary equipment to carry out this test is as follows:

a) Horizontal table free from vibrations;

b) Sheet of rough-textured paper onto which the material should be poured;

c) Protractor; and

d) 3-litre conical flask.



Laboratory test procedures, associated apparatus and standards





5.2.4 PROCEDURE



Put the sheet of paper on the table. Split 10 L of the material to be tested into three subsamples and test each in the following way:	Comment by Microsoft account: 9L in place of 10L?



Pour two thirds of the subsample (i.e. 2 L) onto the sheet, producing a starting cone. The remainder of this subsample is then poured very carefully from a height of a few millimeters on top of the cone. Care should be taken that the cone will be built up symmetrically. This may be achieved by revolving the flask slowly close around the top of the cone when pouring.



When measuring, care should be taken that the protractor does not touch the cone; otherwise this may result in sliding of the material and spoil the test.



The angle has to be measured at four places around the cone, about 90 degrees apart.

This test should be repeated on the other two subsamples.



5.2.5 CALCULATIONS

The angle of repose is taken as the mean of the 12 measurements and is reported to half a degree and up to one decimal place.	Comment by Microsoft account: Rounded off as per IS 2 

Include Formula same as given in Tilting box method.



This figure can be converted to the tilting box value as follows:	Comment by Microsoft account: Figure and number?

At = as + 3° 

Where,

at = angle of repose according to the tilting box test

as = angle of repose according to the survey test
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IS xxxxx : 2019

MTD 13 (20343)


Indian Standard


IRON ORE PELLETS FOR FEEDSTOCK OF BLAST FURNACE       SPECIFICATION


1 SCOPE


1.1 This standard covers the specification of iron ore pellets to be used as feedstock of blast furnace for iron making.

1.2 Requirements covered in this standard shall be met at the point of receipts, unless it is stated otherwise.


2 REFERENCES

The following standards contain provisions which through reference in this text, constitute provision of this standard. At the time of publication, the editions 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



		1387:1993

		General requirements for the Supply of metallurgical materials (first revision)



		1493

		Methods of chemical analysis of iron ores:



		(Part 1) : 1981

		Determination of common constituents  (first revision)



		(Part 3) : 1987

		Determination of titanium chromium, vanadium, calcium and magnesium by atomic absorption spectrophotometry



		(Part 5) : 1990

		Determination of copper Content by atomic absorption spectrometric method



		(Part 6) : 1990

		Determination of sodium and/or potassium content by atomic absorption spectrometric method



		6495 : 1984

		Method of tumbler test for iron oxides pellets ores, sinter and pellets (first revision)



		8604 : 1977       

		Determination of compression strength of iron ore pellets after reduction



		8624 : 1995        

		Determination of compression strength of iron ore pellets after pellets



		8625 : 1986

		Method for determination of crushing strength of iron ore pellets



		9101 : 1979

		Method of sampling iron ore pellets



		9660 : 1980

		Guidelines for determination of softening characteristics of iron ore pellets



		10823:1994

		Methods for Determination of Thermal Degradation Index [TDI] & Reduction Degradation Index [RDI] of Lump iron Ores, Sinters & Pellets



		11283 : 1985      

		Method for determination of softening point of iron oxides (in powder form) lump ore, sinter and pellets.



		11292 : 1985      

		Method for determination of relative reducibility of iron oxides : lump ores, sinter and pellets



		11348

		Iron ore pellets - Apparent specific gravity, true specific gravity and porosity - Method for determination apparent.





3 Terminology: 


3.1 Lump Ore: Iron ore (not being iron ore concentration products) which is nominally sized over 6.3mm and less than 30mm.

3.2 Iron Ore pellets: Spherical agglomerates formed by balling fine ores, usually finer than 100 µm, with various additives followed sometimes by hot or cold bonding induration.

3.3 Loss of Ignition (LOI): Change in mass of an ore held at 1000°C, excluding the loss due to absorbed water content of an ore (equilibrated with the laboratory atmosphere) that can be removed by heating for 2 hours at 105°C.

3.4 Cold Crushing Strength (CCS): Maximum load (applied under specified conditions at room temperature) divided by the area over which the load is applied, which a refractory can withstand before failure occurs.


3.5 Tumbler index (TI): It is a relative measure of the resistance of lump ore (3.1), agglomerates or hot briquetted iron to size degradation by impact, referred to as Tumbler Index and expressed as the percentage by mass of the +6.3mm fraction generated in the test portion after tumbling.

3.6 Abrasion index (AI): the abrasion index is a relative measure of the resistance of lump ore (3.1), agglomerates or hot briquetted iron to size degradation by abrasion, referred to as Abrasive Index and expressed as the percentage by mass of the −500 μm fraction generated in the test portion after tumbling.

3.7 Apparent Porosity: The ratio of the volume of the open pores to the bulk volume of the solid material, expressed as a percentage.

3.8 Reduction Degradation Index (RDI): The degradation of the iron bearing materials because of reduction and related stresses introduced in the matrix due to phase changes. Measured as a percentage by mass.

3.9 Relative Reducibility: The final degree of reduction attained after a prescribed period of time and with other specified condition.

3.10 Swelling index: A relative measure of the volume increase of iron ore pellets which occurs during the free swelling test. The index is expressed as a percentage.

4 SUPPLY OF MATERIAL


The material shall be supplied in accordance with the provisions of IS 1387.


5 CHEMICAL COMPOSITION

5.1 The iron ore pellets shall conform to the following chemical analysis (dry LOI free basis):


Table 1: chemical composition


		Constituent

		Percentage



		Fe (Total)

		64  Min



		SiO₂ + Al₂O₃

		6.0  Max



		Ratio of Al₂O₃/ SiO₂

		Less than 1



		CaO + MgO

		0.5   Min and shall be as agreed mutually between the manufacturer and the purchaser.



		S

		0.01  Max



		P

		0.08  Max



		Total of Pb, Zn, Cu, Sn, Cr and As

		0.02 Max



		Alkali (Na₂O + K₂O)

		To be agreed upon between the supplier and the purchaser





However, the supply of material of a composition with limits outside those specified in 5.1, the specification of the iron ore pellets required shall have to be agreed between the purchaser and the supplier.


		Moisture

		3 percent Max during dry season and 6 percent Max during rainy season or as agreed upon in both cases.





5.2 The chemical analysis of the iron ore pellets shall be determined by the method specified in IS 1493 and IS 1493 (Parts 1, 3, 4, 5 & 6) or as per latest version of any other established, instrumental/chemical method. In case of dispute, the procedure given in the latest edition of IS 1493 and its relevant parts for chemical analysis shall be the Referee Method.


6 PHYSICAL CHARACTERISTICS 

6.1 SIZE: 

The size range for iron ore pellets at the point of dispatch shall be as follows. Requirements for the iron ore pellets at the point of dispatch is applicable to this clause only, as degradation of iron ore pellets may occur during transportation:



+18mm

5 percent, Max



-18 & +5mm
90 percent, Min


 -5 mm

5 percent, Max

The screen analysis of the material at the point of receipt depends on the handling and transportation and shall, therefore, have to be agreed between the supplier and the purchaser. In case of any dispute, the test sieves used for sizes distributions shall be in accordance with IS 460 (relevant parts).

5.2 Cold crushing strength (CCS) 

The average cold crushing strength of the iron ore pellets carried out on a specified number of individual pellets in a specified size range, when determined in accordance with IS 8625 shall not be less than 220 kg per pellet. Pellets with strength less than 80 kg/pellet shall not exceed 5 percent of the number of pellet selected for testing. The random selection of test portion pellets excluding broken or chipped pellets comprising of pellets with less than 80kg/pellet shall be treated as unfired.

5.3 Tumbler Index 

Tumbler index of iron ore pellets shall be 92 percent Minimum and Abrasion Index shall be less than 6 percent. The tumbler index shall be in accordance with IS 6495 and Abrasion index is -0.5 mm sized material obtained after 200 revolution.

5.4 Apparent Porosity 


Apparent porosity of iron ore pellets shall be 25 percent Minimum. The apparent porosity should be determined in accordance with IS 11348 or Porosity meter higher porosity is desirable with sufficient strength.


6 Metallurgical Characteristics

6.1 Reduction Degradation Index (RDI):

Reduction degradation Index (RDI) of iron ore pellets shall be less than 20 percent. Lower reduction degradation index is desirable for feed to blast furnace. RDI should be determined in accordance with IS 10823, lower Reduction Degradation Index (RDI) indicate Good strength of pellet under mild reducing condition at 5500C temperature.

6.2 Thermal Degradation Index (TDI): 

(For fine generation due to thermal shock at the time of charging of pellet inside the blast furnace) and/or Low Temperature Breaking Test (LTBT) in Linder Apparatus may be considered for the high temperature strength assessment with/without reduction of iron ore pellet.

6.3 Relative Reducibility 


The relative reducibility of the iron ore pellets shall be minimum 60 percent, the iron ore pellet subjected to reducing atmosphere at 9000C temperature for three hours. Oxygen removed from the iron ore pellets after three hours of reduction recorded as Relative Reducibility in accordance with IS 11292. Higher relative reducibility with requisite strength pellet is desirable.

6.4 SWELLING INDEX


The swelling index of the iron ore pellets shall be less than 18 percent, the permeability of iron bearing burden inside the blast furnace depends upon swelling index, and lower swelling index promotes better permeability. Hence lower swelling index of iron ore pellet is desirable. The swelling index of pellet shall be determined in accordance with IS 8624.


6.5 SOFTENING CHARACTERISTICS


Softening characteristics of iron ore pellets shall be determined in accordance with IS 9660, softening temperature of iron ore pellets should be more than 1125°C under intense reducing condition. Softening temperature of iron bearing material has direct impact on size shape and location of cohesive zone inside the blast furnace.

7 SAMPLING


Representative samples of iron ore pellets shall be drawn according to the scheme of sampling given in IS 9101.


8 Test Report to be submitted
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Dr Rajan Kumar Singh,
GM (R&D), NMDC
Convenor of the BIS committee
Email: ranjankr(a}nmdc.co.in
(to formulate draft standard for Iron Ore
as a feed to Blast Furnaces)


Sub. :BIS SECTIONAL COMMITFEE MTD 13 ON DRAFF STANDARDS FOR
IRON ORE PELLETS FOR FEEDSTOCK OF BLAST FURNACE


Dear Dr. Rajan Kumar Singh,


Greetings from Pellet Manufacturers Association of India (PMAD!


Our sincere thanks and gratitude for your Leadership role in the
above committee. Shri Vijay Dwivedi and myself have enjoyed and learnt a
lot, attending the meetings conducted by you.


PMAI is the largest association of all iron ore pellet producers in India and is
recognised by the Ministry of Steel. We have 26 member plants spread over
7 states of India.


The Bureau of Indian Standards (BIS) vide their letter dated 27 April 2022
conveyed that the sectional committee on “Standardisation in the field of
Ores and Feedstock of Iron and Steel Industry” headed by you from NMDC,
have decided to include PMAI as a member of the technical committee on
formulation of standards for iron ore pellets for feedstock of blast furnace;
Apart from PMAI, other members of this Committee are: JSW, JSPL, AMNS
and KIOCL.


Since then, the PMAI has been attending all the meetings of the above
Committee. It has been a great learning experience.


The Draft standard is attached.


The first meeting of this committee with proposed draft standards was held
on 4th May 2022. The PMAI team strongly objected to the draft standards,
particularly with respect to the Fe, Silica & Alumina percentages.
Subsequently, since then the issue has been widely discussed, internally
between our member plants as well as in the various meetings of the BIS
Committee. However, no consensus could be reached on the draft
standards, primarily because there is a wide variation in the chemical
composition as well as mineralogy of Iron ore in the mines in different states
from India.


Jb


OK


Pellet Manufacturers' Association of India


A-84 (Lower Ground Floor), Defence Colony, New Delhi - 1 10024
Tel : +91-1 1-35007666, Website : www.pmai.co.in


Contd. .2/-
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The matter has been deliberated within the 'Governing Body’ of the PMAI
and it has been decided to request BIS that the specifications should not be
mandatory on the reasons/grounds mentioned below: The stand taken by
PMAI is that the composition and, mineralogy of Iron Ore varies from state
to state and hence the output (i.e. Pellets will vary from state to
state. Thus, we cannot have a standard for Iron Ore as a feed to BFs -


which can be applicable to the whole country .


The key customer for Iron Ore Pellets is the Blast Furnace and so the
product has to be suitable for Blast Furnaces. This is particularly when it is
an established fact that the resources of Iron Ore are dwindling and
gradually the Fe% of Iron Ore is going down, both with reference to
Chemistry and proportion of fines


In a broader perspective, we feel that it is not technically feasible to lay
down standards for Iron Ore as a feedstock to BFs . The reasons are follows:


1. The Steel Industry is going through an "Energy Transition ": it is
understood that the Ministry of Steel would prepare guidelines for raw
material inputs through various committees . Lots of Changes are on
the anvil and this is perhaps not the right time to set up standards for
iron ore.


2.


3.


4.


5.


In view of the national efforts towards Decarbonisation in Steel sector,
the focus will be shifted towards reducing carbon emissions and pellets
have an advantage to do this


Various Task forces set up by the Ministry of Steel on Decarbonisation -


they will also focus on quality of Raw materials .Lot will depend on the
extent to which Natural Gas and Hydrogen will be used in future.


While deciding standards the USER AGENCY must be involved : BFs of
Tata Steel and Integrated steel plants need to be consulted


Wide variation in Mineralogy amongst different states : e.g. best ore is
in Chhattisgarh. But in Odisha there are a lot of Goethites and high
LOI. Associated Minerals vary from mine to mine - they are very
important - like Limonite which is Clayey. Mineralogy changes from
Mine to mine - also based on depth of mines.


Standards are only of significance when they affect the public. Pellet is
an intermediary product ( in the value chain of ore to pellets to use in
BFs ) and not directly for public use .Iron Ore is not purchased for
public consumption so standards are not applicable .


Input to pellets is non standard, varying from state to state and
different regions -rather Inconsistent Input.


6.


7


Contd ...3/-
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Accordingly, the Pellet Manufacturers Association of India (PMAI) requests
BIS to take a view on this and exempt Iron Ore from specifications and
standardisation in view of the reasons specified above and drop the Agenda
item on 'Iron Ore Pellets for Feedstock of Blast Furnace -
Specification’ from the Committee on 'Ores and Feedstock for Iron and
Steel Industry Sectional Committee, MTD-13’.


We will appreciate your response to our letter .


With Kind Regards,
FOR PELLET MANUFACTURERS ASSOCIATION OF INDIA


Deepak Bhatnagar
Secretary General


Copy to


Dr. Vibhuti Roshan,
Dy. General Manager (M.P.)
NMDC Limited,
(A Government of India Enterprise)
Research & Development Centre
Patancheru, Sangareddy Dist.
Hyderabad – 502319, Telangana
Email: vinhutiroshan(a}nmdc . co .in


/8hri Ram Sai Kumar - We understand that some other scientist is
V now looking after this committee .


Scientist-B and Assistant Director Kindly forward to the
appropriate scientlst .


Metallurgical Engineering Department
Bureau of Indian Standards (BIS)
New Delhi- 1 1 0002
Email: ramgedela@bis.gov.in
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IRON ORE PELLETS FOR FEEDSTOCK OF BLAST FURNACE
SPECIFICATION


1 SCOPE


1.1 This standard covers the specification of
iron ore pellets to be used as feedstock of blast
furnace for iron making.


1.2 Requirements covered in this standard shall
be met at the point of receipts, unless it is
stated otherwise.


2 REFERENCES


The following standards contain provisions
which through reference in this text, constitute
provision of this standard. At the time of
publication, the editions 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


1387: 1993


1493


(Part 1)
1981


(Part 3)
1987


(Part 5)
1990


(Part 6)
1990


6495 : 1984


Indian Standard


8604 : 1977


8624 : 1995


8625 : 1986


9101 : 1979


9660 : 1980


10823:1994


Title


General requirements for the
Supply of metallurgical materials


=irst revision)
Methods of chemical analysis of
Iron ores


ofDetermination corrlrrlorl


constituents (first revision)
ofDetermination titanium


chromium, vanadium, calcium
magnesium by atomicand


absorption spectrophotomet
ofDetermination copper


Content by atomic absorption
spectrometric method
Determination of sodium and/or
potassium content by atomic
absorption spectrornetric
method
Method of tumbler test for iron


11283 : 1985


11292 : 1985


IS xxxxx : 2019


MTD 13 (20343)


oxides pellets ores, sinter and


llets (first revision
Determination of compression
strength of iron ore pellets after
reduction


Determination of compression
strength of iron ore pellets after
pellets
Method for determination of


crushing strength of iron ore
pellets
Method of sampling iron ore
bellets


Guidelines for determination of
softening characteristics of iron
ore pellets
Methods for Determination


of Thermal Degradation Index
Reduction[TDI] &


Degradation Index [RDI] of
Lump iron Ores, Sinters &
Pellets
Method for determination of
softening point of iron oxides (in
powder form) lump ore, sinter
and pellets
Method for determination of
relative reducibility of iron
oxides lump ores, sinter and
pellets
Iron ore pellets Apparent
specific gravity, true specific
gravity and porosity Method


jor determination apparent







3 Terminology:


3.1 Lump Ore: Iron ore (not being iron ore
concentration products) which is nominally
sized over 6.3mm and less than 30mm.


3.2 Iron Ore pellets: Spherical agglomerates
formed by balling fine ores, usually finer than
100 pm, with various additives followed
sometimes by hot or cold bonding induration.


3.3 Loss of Ignition (LOI): Change in mass of an


ore held at 1000'C, excluding the loss due to
absorbed water content of an ore (equilibrated
with the laboratory atmosphere) that can be


removed by heating for 2 hours at 105'C.


3.4 Cold Crushing Strength (CCS): Maximum
load (applied under specified conditions at
room temperature) divided by the area over
which the load is applied, which a refractory can
withstand before failure occurs.


3.5 Tumbler index (Tl): it is a relative measure
of the resistance of lump ore (3.1),


agglomerates or hot briquetted iron to size


degradation by impact, referred to as Tumbler
Index and expressed as the percentage by mass
of the +6.3mm fraction generated in the test
portion after tumbling.


3.6 Abrasion index (AI): the abrasion index is a
relative measure of the resistance of lump ore
(3.1), agglomerates or hot briquetted iron to
size degradation by abrasion, referred to as


Abrasive Index and expressed as the percentage
by mass of the -500 pm fraction generated in
the test portion after tumbling.


3.7 Apparent Porosity: The ratio of the volume
of the open pores to the bulk volume of the
solid material, expressed as a percentage.


3.8 Reduction Degradation Index (RDI): The
degradation of the iron bearing materials
because of reduction and related stresses


introduced in the matrix due to phase changes.
Measured as a percentage by mass.


3.9 Relative Reducibility: The final degree of
reduction attained after a prescribed period
of time and with other specified condition.


3.10 Swelling index: A relative measure of the
volume increase of iron ore pellets which
occurs during the free swelling test. The index
is expressed as a percentage.


4 SUPPLY OF MATERIAL


The material shall be supplied in accordance
with the provisions of IS 1387.


Metallurgical wast


Binders (bentonite or organic


Any other materia!


5 CHEMICAL COMPOSITION


5.1 The iron ore pellets shall conform to the
following chemical analysis (dry LOI free basis):


Table 1: chemical composition


Constituent


Fe (Total)
SiO2 + Al203


Ratio o/Al203/ SiO2


CaO + MgO


Percentage


6.6 Max
Less than 1


0.5 Min and shall be as


agreed mutually between
the manufacturer and the


purchaser
0.01 Max
0.08 Max
0.02 Max


S


P


Total of Pb, Zn, Cu


Sn, Cr and As


Alkali (Na20 + K20) beTo agreed upon


between the supplier and
the purchaser


However, the supply of material of a


composition with limits outside those specified
in 5.1, the specification of the iron ore pellets
required shall have to be agreed between the
purchaser and the supplier


Moisture 3 percent Max during dry







season and 6 percent Max
during rainy season Burte to
Augusd or as agreed upon in
both cases.


5.2 The chemical analysis of the iron ore pellets
shall be determined by the method specified in
relevant parts of IS 1493 and IS 1493 (Parts 1, 3,


4, 5 & 6) or any other established,
instrumental/chemical method. In case of
dispute, the procedure given in the latest
edition of IS 1493 and its relevant parts for
chemical analysis shall be the Referee Method.


6 PHYSICAL CHARACTERISTICS


6.1 SIZE:


The size range for iron ore pellets at the point
of dispatch shall be as follows. Requirements
for the iron ore pellets at the point of dispatch


is applicable to this clause only, as degradation
of iron ore pellets may occur during
transportation:


+18mm 5 percent, Max


-18 & +5mm 90 percent, Min


-5 mm 5 percent, Max


The screen analysis of the material at the point
of receipt depends on the handling and
transportation and shall, therefore, have to be


agreed between the supplier and the purchaser.
In case of any dispute, the test sieves used for
sizes distributions shall be in accordance with IS


460 (relevant parts).


5.2 Cold crushing strength (CCS)


The average cold crushing strength of the iron
ore pellets carried out on a specified number of
individual pellets in a specified size range, when
determined in accordance with IS 8625 shall not
be less than
strength less than 80 kg/pellet shall not exceed
5 percent of the number of pellet selected for
testing. The random selection of test portion
pellets excluding broken or chipped pellets


comprising of pellets with less than 80kg/pellet
shall be treated as unfired.


5.3 Tumbler Index


Tumbler index of iron ore pellets shall be 92


percent Minimum and Abrasion Index shall be


less than 6 percent. The tumbler index shall be
in accordance with IS 6495 and Abrasion index
is -0.5 mm sized material obtained after 200


revolution.


5.4 Apparent Porosity


Apparent porosity of iron ore pellets shall be 25


percent Minimum. The apparent porosity
should be determined in accordance with IS


11348 or Porosity meter higher porosity is
desirable with sufficient strength.


6 Metallurgical Characteristics


6.1 Reduction Degradation Index (RDI):


Reduction degradation Index (RDI) of iron ore
pellets shall be less than 20 percent. Lower
reduction degradation index is desirable for
feed to blast furnace. RDI should be determined
in accordance with IS 10823, lower Reduction


Degradation Index (RDI) indicate Good strength
of pellet under mild reducing condition at 550oC


temperature.


6.2 Thermal Degradation Index (TDI):


(For fine generation due to thermal shock at the
time of charging of pellet inside the blast
furnace) and/or Low Temperature Breaking Test
(LTBT) in Linder Apparatus may be considered
for the high temperature strength assessment
with/without reduction of iron ore pellet.


6.3 Relative Reducibility


The relative reducibility of the iron ore pellets
shall be minimum 60 percent, the iron ore
pellet subjected to reducing atmosphere at
900oC temperature for three hours. Oxygen


removed from the iron ore pellets after three
hours of reduction recorded as Relative


Reducibility in accordance with IS 11292. Higher







relative reducibility with requisite strength
pellet is desirable.


6.4 SWELLING INDEX


The swelling index of the iron ore pellets shall


be ;between 10 to 18 percee{ the permeability
of iron bearing burden inside the blast furnace
depends upon swelling index, and lower
swelling index promotes better permeability.
Hence lower swelling index of iron ore pellet is
desirable. The swelling index of pellet shall be
determined in accordance with IS 8624.


6.5 SOFTENING CHARAcrERisTics


Softening characteristics of iron ore pellets shall
be determined in accordance with IS 9660,


softening temperature of iron ore pellets should
be more than 1125'C under intense reducing
condition. Softening temperature of iron
bearing material has direct impact on size shape
and location of cohesive zone inside the blast
furnace.


7 SAMPLING


Representative samples of iron ore pellets shall
be drawn according to the scheme of sampling
given in IS 9101.


8 Test Report to be submitted
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MTD 13 (20343)


Indian Standard


IRON ORE PELLETS FOR FEEDSTOCK OF BLAST FURNACE       SPECIFICATION


1 SCOPE


1.1 This standard covers the specification of iron ore pellets to be used as feedstock of blast furnace for iron making.

1.2 Requirements covered in this standard shall be met at the point of receipts, unless it is stated otherwise.


2 REFERENCES

The following standards contain provisions which through reference in this text, constitute provision of this standard. At the time of publication, the editions 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



		1387:1993

		General requirements for the Supply of metallurgical materials (first revision)



		1493

		Methods of chemical analysis of iron ores:



		(Part 1) : 1981

		Determination of common constituents  (first revision)



		(Part 3) : 1987

		Determination of titanium chromium, vanadium, calcium and magnesium by atomic absorption spectrophotometry



		(Part 5) : 1990

		Determination of copper Content by atomic absorption spectrometric method



		(Part 6) : 1990

		Determination of sodium and/or potassium content by atomic absorption spectrometric method



		6495 : 1984

		Method of tumbler test for iron oxides pellets ores, sinter and pellets (first revision)



		8604 : 1977       

		Determination of compression strength of iron ore pellets after reduction



		8624 : 1995        

		Determination of compression strength of iron ore pellets after pellets



		8625 : 1986

		Method for determination of crushing strength of iron ore pellets



		9101 : 1979

		Method of sampling iron ore pellets



		9660 : 1980

		Guidelines for determination of softening characteristics of iron ore pellets



		10823:1994

		Methods for Determination of Thermal Degradation Index [TDI] & Reduction Degradation Index [RDI] of Lump iron Ores, Sinters & Pellets



		11283 : 1985      

		Method for determination of softening point of iron oxides (in powder form) lump ore, sinter and pellets.



		11292 : 1985      

		Method for determination of relative reducibility of iron oxides : lump ores, sinter and pellets



		11348

		Iron ore pellets - Apparent specific gravity, true specific gravity and porosity - Method for determination apparent.





3 Terminology: 


3.1 Lump Ore: Iron ore (not being iron ore concentration products) which is nominally sized over 6.3mm and less than 30mm.

3.2 Iron Ore pellets: Spherical agglomerates formed by balling fine ores, usually finer than 100 µm, with various additives followed sometimes by hot or cold bonding induration.

3.3 Loss of Ignition (LOI): Change in mass of an ore held at 1000°C, excluding the loss due to absorbed water content of an ore (equilibrated with the laboratory atmosphere) that can be removed by heating for 2 hours at 105°C.

3.4 Cold Crushing Strength (CCS): Maximum load (applied under specified conditions at room temperature) divided by the area over which the load is applied, which a refractory can withstand before failure occurs.


3.5 Tumbler index (TI): It is a relative measure of the resistance of lump ore (3.1), agglomerates or hot briquetted iron to size degradation by impact, referred to as Tumbler Index and expressed as the percentage by mass of the +6.3mm fraction generated in the test portion after tumbling.

3.6 Abrasion index (AI): the abrasion index is a relative measure of the resistance of lump ore (3.1), agglomerates or hot briquetted iron to size degradation by abrasion, referred to as Abrasive Index and expressed as the percentage by mass of the −500 μm fraction generated in the test portion after tumbling.

3.7 Apparent Porosity: The ratio of the volume of the open pores to the bulk volume of the solid material, expressed as a percentage.

3.8 Reduction Degradation Index (RDI): The degradation of the iron bearing materials because of reduction and related stresses introduced in the matrix due to phase changes. Measured as a percentage by mass.

3.9 Relative Reducibility: The final degree of reduction attained after a prescribed period of time and with other specified condition.

3.10 Swelling index: A relative measure of the volume increase of iron ore pellets which occurs during the free swelling test. The index is expressed as a percentage.

4 SUPPLY OF MATERIAL


The material shall be supplied in accordance with the provisions of IS 1387.


5 CHEMICAL COMPOSITION

5.1 The iron ore pellets shall conform to the following chemical analysis (dry LOI free basis):


Table 1: chemical composition


		Constituent

		Percentage



		Fe (Total)

		64  Min



		SiO₂ + Al₂O₃

		6.0  Max



		Ratio of Al₂O₃/ SiO₂

		Less than 1



		CaO + MgO

		0.5   Min and shall be as agreed mutually between the manufacturer and the purchaser.



		S

		0.01  Max



		P

		0.08  Max



		Total of Pb, Zn, Cu, Sn, Cr and As

		0.02 Max



		Alkali (Na₂O + K₂O)

		To be agreed upon between the supplier and the purchaser





However, the supply of material of a composition with limits outside those specified in 5.1, the specification of the iron ore pellets required shall have to be agreed between the purchaser and the supplier.


		Moisture

		3 percent Max during dry season and 6 percent Max during rainy season or as agreed upon in both cases.





5.2 The chemical analysis of the iron ore pellets shall be determined by the method specified in IS 1493 and IS 1493 (Parts 1, 3, 4, 5 & 6) or as per latest version of any other established, instrumental/chemical method. In case of dispute, the procedure given in the latest edition of IS 1493 and its relevant parts for chemical analysis shall be the Referee Method.


6 PHYSICAL CHARACTERISTICS 

6.1 SIZE: 

The size range for iron ore pellets at the point of dispatch shall be as follows. Requirements for the iron ore pellets at the point of dispatch is applicable to this clause only, as degradation of iron ore pellets may occur during transportation:



+18mm

5 percent, Max



-18 & +5mm
90 percent, Min


 -5 mm

5 percent, Max

The screen analysis of the material at the point of receipt depends on the handling and transportation and shall, therefore, have to be agreed between the supplier and the purchaser. In case of any dispute, the test sieves used for sizes distributions shall be in accordance with IS 460 (relevant parts).

5.2 Cold crushing strength (CCS) 

The average cold crushing strength of the iron ore pellets carried out on a specified number of individual pellets in a specified size range, when determined in accordance with IS 8625 shall not be less than 220 kg per pellet. Pellets with strength less than 80 kg/pellet shall not exceed 5 percent of the number of pellet selected for testing. The random selection of test portion pellets excluding broken or chipped pellets comprising of pellets with less than 80kg/pellet shall be treated as unfired.

5.3 Tumbler Index 

Tumbler index of iron ore pellets shall be 92 percent Minimum and Abrasion Index shall be less than 6 percent. The tumbler index shall be in accordance with IS 6495 and Abrasion index is -0.5 mm sized material obtained after 200 revolution.

5.4 Apparent Porosity 


Apparent porosity of iron ore pellets shall be 25 percent Minimum. The apparent porosity should be determined in accordance with IS 11348 or Porosity meter higher porosity is desirable with sufficient strength.


6 Metallurgical Characteristics

6.1 Reduction Degradation Index (RDI):

Reduction degradation Index (RDI) of iron ore pellets shall be less than 20 percent. Lower reduction degradation index is desirable for feed to blast furnace. RDI should be determined in accordance with IS 10823, lower Reduction Degradation Index (RDI) indicate Good strength of pellet under mild reducing condition at 5500C temperature.

6.2 Thermal Degradation Index (TDI): 

(For fine generation due to thermal shock at the time of charging of pellet inside the blast furnace) and/or Low Temperature Breaking Test (LTBT) in Linder Apparatus may be considered for the high temperature strength assessment with/without reduction of iron ore pellet.

6.3 Relative Reducibility 


The relative reducibility of the iron ore pellets shall be minimum 60 percent, the iron ore pellet subjected to reducing atmosphere at 9000C temperature for three hours. Oxygen removed from the iron ore pellets after three hours of reduction recorded as Relative Reducibility in accordance with IS 11292. Higher relative reducibility with requisite strength pellet is desirable.

6.4 SWELLING INDEX


The swelling index of the iron ore pellets shall be less than 18 percent, the permeability of iron bearing burden inside the blast furnace depends upon swelling index, and lower swelling index promotes better permeability. Hence lower swelling index of iron ore pellet is desirable. The swelling index of pellet shall be determined in accordance with IS 8624.


6.5 SOFTENING CHARACTERISTICS


Softening characteristics of iron ore pellets shall be determined in accordance with IS 9660, softening temperature of iron ore pellets should be more than 1125°C under intense reducing condition. Softening temperature of iron bearing material has direct impact on size shape and location of cohesive zone inside the blast furnace.

7 SAMPLING


Representative samples of iron ore pellets shall be drawn according to the scheme of sampling given in IS 9101.


8 Test Report to be submitted
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REVIEW ANALYSIS OF INDIAN STANDARD

(To be submitted to the Sectional Committee)



1. Sectional Committee No. & Title: MTD 13	



2. IS No: IS 5632



3. Title: Specification for WOLFRAMITE CONCENTRATE



4. Date of review: 27/05/2021



5. Review Analysis



i) Status of standard(s), if any from which assistance had been drawn in the formulation of this IS.



		[bookmark: _Hlk37918499]Standard

(No. & Title)

		Whether the standard has since been revised 

		Major changes

		Action proposed



		

		

		

		









ii) Status of standards referred in the IS



		Referred standards

(No. & Title)

		IS No. of this standards since revised

		Changes that are of affecting the standard under review

		Action proposed



		IS 1387: 1967 General requirements for the supply of metallurgical materials



		

 2nd revision on 1993

		 Inspection conditions are incorporated

		Should refer to current standard IS 1387: 1993







iii) Any other standards available related to the subject & scope of the standard being reviewed (International/regional/other national/association/consortia, etc. or of new or revision of existing Indian Standard)



		Standard

(No. & Title)

		Provisions that could be relevant while reviewing the IS

		Action proposed



		No such standards available



		

		













iv) Technical comments on the standard received, if any



		[bookmark: _Hlk37918937]Source

		Clause of IS

		Comment

		Action proposed



		

NIL

		

		

		







v) Information available on technical developments that have taken place (on product/processes/practices/use or application/testing/input materials, etc)



		Source

		Development

		Relevant clause of the IS under review that is likely to be impacted 

(Clause & IS No.)

		Action proposed



		

BIS

		

		

		







vi) Issues arising out of changes in any related IS or due to formulation of new Indian Standard



		[bookmark: _Hlk37919100]Related IS and its Title

(revised or new)

		Provision in the IS under review that would be impacted & the clause no. or addition of new clause/provision

		Changes that may be necessary in the Standards under review

		Action proposed



		

NIL

		

		

		







vii) Any consequential changes to be considered in other IS



		Related IS to get impacted

		Requirements to be impacted



		



		











6. Any other observation: 

Marking and Sampling clause should be modified.

Reference clause should be added if any reference were mentioned during revision

Hindustan produce company is using this standard as reference and producing this particular products. 



7. Recommendations:  
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भारतीय मानक 


वोल्फ्रामाइट कॉन्सेंटर ेट के लिए लवलिलि   


(पहला पुनरीक्षण) 
 


Draft Indian Standard 


SPECIFICATION FOR WOLFRAMITE CONCENTRATE 
(Second Revision) 


 
ICS 77.100 


Ores and Feed Stock for Iron and Steel Industry 


Sectional Committee, MTD 13 


Last date for receipt of comments are 


15 June 2023 


FOREWORD 


(Formal clauses to be added later) 


The Standard was first published in 1970. 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 updated; 


b) BIS certification marking is added; and 


Wolframite concentrate is the basic raw material used for the production of ferrotungsten. This 


standard contains clauses 4, 5.2, 6 and 7 which call for agreement between the purchaser and 


the supplier. 


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 


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. 
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Indian Standard 


SPECIFICATION FOR WOLFRAMITE CONCENTRATE 


 (First Revision) 


 
1 SCOPE  


This standard covers the requirements for wolframite concentrate used in the ferrous industry.  


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 No. Title 


1387: 1993 General requirements for the supply of metallurgical materials 


(second revision) 


IS 460 Test sieves — Specifications 


   (Part 1) : 2020  


  


Wire cloth test sieve (fourth revision) 


  (Part 2) : 2020  Perforated plate test sieve (fourth revision) 


 


  (Part 3) : 2020  Methods of examination of apertures of test sieves (fourth 


revision) 


IS 15765 : 2008  Method of sampling ferro alloys for sieve analysis and size 


determination 


 


3 SUPPLY OF MATERIAL  


General requirements relating to the supply of Wolframite concentrate shall be as laid down in 


IS 1387.  


4 CHEMICAL COMPOSITION  


The chemical composition of the material shall comply with the following requirements:  


Constituent Percent 


Tungsten oxide 65.0, Min 


Phosphorus 0.05, Max 


Arsenic 0.1, Max 


Antimony 0.1, Max 


Bismith 0.1, Max 


Tin 0.1, Max 
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Sulphur 0.05, Max 


Copper 0.05, Max 


Silica 3.0, Max 


Manganese oxide 10.0 to 15.0 


 


NOTE – The determination of chemical constituents shall be as agreed to between the purchaser and 


the supplier. 


5 FORM AND SIZE  


5.1 Unless otherwise specified the material shall be supplied in lumps or as crushed and 


screened particles. 


5.2 If wolframite concentrate is supplied in crushed and screened particles, the size ranges shall 


be as agreed between manufacturer and purchaser. Further, the undersize and oversize values 


shall be as agreed between manufacturer and purchaser. 


5.3 The undersize and oversize values shall be valid at the point of delivery to the purchaser. 


The test sieves used shall be in accordance with sizes specified in IS 460 (Part 1) and IS 460 


(Part 2). As the standard test sieve will become less accurate after period of time, the sieve shall 


therefore be periodically checked according to IS 460 (Part 3) and the correction factor shall 


be determined and applied to the result.  


6 SAMPLING 


The material shall be sampled as agreed to between the purchaser and the supplier for chemical 


analysis and size analysis. 


7 PACKING  


The material shall be supplied packed in suitable containers in quantities mutually agreed to 


between the purchaser and the supplier. 


8 MARKING  


8.1 The material shall be marked with the following: 


a) Indication of the source of manufacture; 


b) size range; 


c) Quantity; and 


d) Any other information, if required. 


8.1 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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Ores and Feedstock for Iron and Steel Industry Sectional Committee, MTD-13

FOREWORD

This Indian standard (First Revision) was adopted by the Bureau of Indian Standards, after the draft finalized by the Ores and Feedstock for Iron and Steel Industry Sectional Committee had been approved by the Metallurgical Engineering Division Council.

The Standard was first published in 1970. This revision has been brought out to bring the standard in the latest style and format of the Indian Standards. It also incorporates the amendment issued to the last version of the standard.

In addition, the following changes have been made:

a) Reference clause has been updated;

b) BIS certification marking clause has been modified as per BIS Act, 2016; and

Wolframite concentrate is the basic raw material used for the production of ferrotungsten. This standard contains clauses 4, 5, 6 and 7 which call for agreement between the purchaser and the supplier.

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








Indian Standard

WOLFRAMITE CONCENTRATE — SPECIFICATION 

 (First Revision)



1 SCOPE 

This standard covers the requirements for wolframite concentrate used in the ferrous industry. 

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 No.

		Title



		1387: 1993

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







3 SUPPLY OF MATERIAL 

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

4 CHEMICAL COMPOSITION 

The chemical composition of the material shall conform to the requirements specified in Table below, when determined by any standard wet analytical/instrumental methods as mutually agreed between the purchaser and the supplier.

		Constituent

		Percent



		Tungsten oxide (WO3)

		65.0, Min



		Phosphorus

		0.05, Max



		Arsenic

		0.1, Max



		Antimony

		0.1, Max



		Bismith

		0.1, Max



		Tin

		0.1, Max



		Sulphur

		0.05, Max



		Copper

		0.05, Max



		Silica (SiO2)

		3.0, Max



		Manganese oxide (MnO)

		10.0 to 15.0



		NOTE — Until an official Indian Standard regarding the methods of chemical analysis of wolframite concentrate is released, the identification of chemical constituents will be determined through mutual agreement between the purchaser and the supplier.





5 FORM AND SIZE 

The form of material and size shall be as agreed to between the purchaser and the supplier.

6 SAMPLING

The material shall be sampled as agreed to between the purchaser and the supplier.

7 PACKING 

The material shall be supplied packed in suitable containers/bags/drums in quantities mutually agreed to between the purchaser and the supplier.

8 MARKING 

8.1 The material shall be marked with the following:

a) Indication of the source of manufacture;

b) Form and size range;

c) Net weigh of each package;

d) Batch/Lot number; 

e) Percentage of tungsten oxide (WO3) in the concentrate;

f) Quantity; and

g) Any other special marking requirements as agreed between the purchaser and the supplier.

8.2 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.




[bookmark: _Toc87862547]ANNEX A

(Foreword)

COMMITTEE COMPOSITION

Ores and Feedstock for Iron and Steel Industry Sectional Committee, MTD 13



		
Organization

		Representative(s)



		National Mineral Development Corporation Ltd, Hyderabad

		SHRI RAJAN KUMAR (Chairperson)



		Agni Steel Private Limited, Erode

		SHRI A. RAJASEKARAN





		Alex Stewart International (India) Private Limited, Visakhapatnam

		SHRI DEBASISH PAL

SHRI S. BALAJI (Alternate)





		Arcelor Mittal and Nippon Steel India Ltd, Visakhapatnam

		DR ATANU RANJAN OJHA

SHRI CH. V. S. ND. HARIPRASAD (Alternate)
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		DR SANJIB MAJUMDAR

DR ABHISHEK MUKHERJEE (Alternate)
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		DR SWAGAT S. RATH
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SPECIFICATION FOR CHROME MANGANESE

 ( Second Revision )













1. SCOPE



1.1 This standard covers requirements for chrome manganese used in steel industry.



2. GRADES



2.1 Chrome manganese shall be of two grades, as specified in Table 1.



3. SUPPLY OF MATERIAL



3.1 General requirements relating to the supply of chrome manganese shall be as laid down in IS:1387-1993+.



*Rules for rounding off numerical values (revised)

+General requirements for the supply of metallurgical materials (Second revision)



4. CHEMICAL COMPOSITION


4.1 The chemical composition of the material when determined in accordance with any established instrumental/chemical method shall be as given in Table1. In case of dispute the referre method shall be as agreed to between the supplier and the purchaser.









TABLE 1 CHEMICAL COMPOSITION OF CHROME MEANGANESE

(Clauses 2.1 and 4.1)



		SL.

NO.

		GRADE

		COMPOSITION,PERCENT





		

		Chro-

mium

		Manga-

nese

		Sili-con

		Nitro-gen

		Carbon,

Max

		Phosp-horus,

Max

		Sul-phur,

Max

		Alumi-nium,

Max

		Iron



		i)

		Cr53Mn23

		50.0

to 

55.0

		20.0

 to

 25.0

		2.0

to

3.0

		−

		0.050

		0.040

		0.050

		0.10

		Rema-

inder



		ii)

		Cr50Mn

20N8

		46.0 to 53.0

		17.0

    to

   22.0

		2.0

to

3.0

		6.0

to

9.0

		0.050

		0.040

		0.050

		0.10

		Rema-

inder











4.1.1 The supply of material of a composition with limits outside those specified in Table 1 shall be subject to agreement between the supplier and the purchaser.



5. NOMINAL SIZE RANGES



5.1 [bookmark: _gjdgxs]Chrome manganese is supplied in lumps or as crushed and screened particles. The undersize values shall be valid at the point of delivery to the purchaser.





TABLE 2 PARTICLE SIZE



		CLASS

		PARTICLE SIZE RANGE

mm

		UNDERSIZE,Max PERCENT                                                BY MASS



		1

		2 to 50

		3



		1A

		20 to 50

		10



		2

		2 to 25

		5



		3

		Upto 2

		−







NOTE− Maximum 10 percent by mass of oversize is allowed in all the classes and no piece shall exceed 1.15 times the maximum limit of size range specified in two or three directions.





5.2 If the purchaser requires different size ranges and or tolerances other than those given in Table 2, these shall be agreed upon between the supplier and the purchaser.



6. EXTRANEOUS CONTAMINATION



6.1 The material shall be reasonably free from extraneous contaminations like slag and non-metallic inclusions, etc.



7. SAMPLING 



7.1 The material shall be sampled in accordance with IS:1472-1977*.



8. PACKING 



8.1 The material shall be supplied packed in suitable containers in quantities mutually agreed to between the supplier and the purchaser.



9. MARKING 



9.1 The material shall be marked with the following details:



a) Supplier’s name or trade-mark, and 

b) Grade.



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



NOTE- The use of the ISI Certification Mark is governed by the provisions of the Bureau of Indian Standards Act, 2016 and the Rules and Regulations made thereunder. The ISI Mark on products covered by and 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 license for the use of the ISI Certification Mark may be granted to manufacturers or processors, may be obtained from the Indian Standards Institution.
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Ores and Feed Stock for Iron and Steel Industry Sectional Committee, MTD 13





FOREWORD 

This Indian Standard (First Revision) is to be adopted by the Bureau of Indian Standards, after the draft finalized by the Ores and Feed Stock for Iron and Steel Industry Sectional Committee had been approved by the Metallurgical Engineering Division Council. 

The Standard was originally published in 1981. 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 updated;

Sinter is an agglomerated product suitable for charging in the blast furnace obtained by incipient fusion of iron, ore fines along with other constituents, such as, coke breeze, flux, sand, mill scale, flue dust and other metallurgical wastes.

This specification refers to iron ore sinter meant for use in the blast furnace. The quality requirements of sinter for use in the blast furnace depend on local factors, for example, type of other burden materials available, size of the furnace, hot metal quality, slag chemistry desired, etc. Also, a compromise on the desired quality may have to be reached in many cases, depending upon the availability and suitability of raw materials for making sinter. Therefore, it is not possible to lay down the complete quality requirements of sinter in a specification such as this. 

However, certain guidelines as to the requisite properties of iron ore sinter intended for use in the blast furnace have been included.

The property requirements of sinter can broadly be classified into the following categories:

a) Chemistry,

b) Size,

c) Physical strength,

d) Reducibility,

e) Behaviour under RUL test,

f) Softening point, and

g) Softening characteristics

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

(First Revision)

1 SCOPE

This standard covers guideline for iron ore sinters in terms of chemical and physical requirements.

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 listed below:

		IS No.

		Title



		IS 6495 : 2019

		Method of tumbler test for iron oxides : lump ores, sinter and pellets (second revision)



		IS 8167 : 1989

		Method for determination of reducibility index of iron ore oxides, lumps ore, sinter and pillets (first revision)



		IS 9660 : 2001

		Methods for determination of softening - Melting characteristics of iron ore lumps/ pellets/sinter (first revision)



		IS 9963 : 1981

		Determination of shatter index of iron ore lumps, sinters and pellets





3 CHEMICAL COMPOSITION

It is well established that super fluxed sinter offers many advantages over both acid and fluxed sinter. The super fluxed sinter besides Eliminating/minimizing the direct flux to be charged in the blast furnace gives an optimum combination of strength and reducibility which is not possible to achieve in acid or self-fluxed sinter. The basicity of sinter should be such that other properties like strength and reducibility are compatible for smooth furnace operation. The chemistry of sinter should be indicated by the following:

		



		Total Fe



		CaO



		SiO2



		AI2O3



		MgO



		FeO



		MnO



		P



		S



		





4 SIZE

The acceptable optimum size of sinter at the blast furnace depends on the size distribution of other feed materials in the blast furnace burden, size of the furnace, furnace operating characteristics (whether the furnace is equipped for high top pressure operation or not), etc.

Therefore, it is not possible to specifically quantify the optimum size range, However, the size range should be recorded as follows:

		+ 40 mm

		Percent



		−40 mm to +25 mm

		Percent



		−25 mm to +10 mm

		Percent



		−10 mm to +5 mm

		Percent



		−5 mm

		Percent



		

		





However, the +40 mm fraction should not exceed 10 percent and −5 mm fraction should not exceed 10 percent in a lot.

5 STRENGTH 

5.1 The strength of sinter is usually measured in terms of its (a) shatter index and (b) tumbler index. Numerous procedures for measuring these indices are available. Suggested procedures for measuring these indices and the desirable values as per these measurement procedures are indicated in 5.2 and 5.3.

5.2 Shatter Index

The shatter index of sinter when determined in accordance with IS 9963 shall not be lower than 80 percent.

5.3 Tumbler Index

The tumbler index of sinter when determined in accordance with IS 6495 shall not be less than 65 percent and the abrasion index shall not exceed 6 percent.

6 REDUCIBILITY

The reducibility of iron ore sinter when determined in accordance with IS 8167 shall not be less than 50 percent.

7 SOFTENING CHARACTERISTIC

The softening characteristic of iron ore sinter shall be determined in accordance with IS 9660 with a sample of sinter having a size range of −15 mm to +10 mm.     
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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 Ores and Feedstock for Iron and Steel Industry Sectional Committee has 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. It also incorporates 1 amendment issued to the last version of the standard.

In addition, the following changes have been made: 

a) Reference clause has been updated;

During the past few years the use of sponge iron has become increasingly important, in the electric arc and other steel making furnaces mainly due to irregularity in price and the poor quality of scrap available. Also, due to its inherent plus points like virgin nature, low Sulphur and phosphorous content and consistency of composition, more and more iron and steel foundries are using direct reduced iron ( DRI ) for the production of quality castings.

The technology of melting sponge iron is presently in an evolutionary state as the characteristics of DRI differ appreciably from iron and steel scrap as well as pig iron. Because of the vary nature of the product, the melting characteristics depend on the type of furnace in which it is used. Accordingly, this standard on melting characteristics has been divided into four sections:

Section 1 	Melting characteristics of DRI in electric arc furnace ( EAF )

Section 2 	Melting characteristics of DRI in basic oxygen furnace ( BOF )

Section 3 	Melting characteristics of DRI in ( cupola furnace ) foundry

Section 3A 	Melting characteristics of DRI in ( induction furnace ) foundry

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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MELTING CHARACTERISTICS OF SPONGE IRON/DIRECT REDUCED IRON (DRI)

(First Revision)

1 SCOPE 

1.1 This standard prescribes the melting characteristics of sponge iron/direct reduced iron (DRI) in electric arc furnace, basic oxygen furnace when used as coolant, cupola furnace and induction furnace. 

1.2 This standard should be read in conjunction with IS 15774.

2 REFERENCES

The following 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 agreement 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 5842 : 1986

		Method for measuring bulk density of iron oxides : Lump ores, sinter and pellets (first revision)



		 IS 11348 : 1989

		Iron ore pellets  Apparent specific gravity, true specific gravity and apparent porosity  Methods for determination (first revision)



		 IS 11896 : 1986

		Method for determination of apparent specific gravity, true specific gravity and apparent porosity of iron ore lumps and sinters



		 IS 15774 : 2007

		Sponge iron/direct reduced iron (DRI) hot briquette iron (HBI) and cold briquette iron (CBI) for steel making — Specification







SECTION 1 MELTING CHARACTERISTICS OF DRI IN EAF

3 GENERAL

This section of the standard prescribes the melting characteristics of DRI in electric arc furnaces.

4 EFFECT OF CHEMICAL CONSTITUENTS/ OTHER PARAMETERS

4.1 Effect of Metallization

4.1.1 In freshly prepared DRT, un-reduced iron oxides are primarily wustite (FeO). The furnace should be operated in such a way that the Fe is recovered by adding extra carbon to reduce FeO even at the expense of some additional energy consumption.

4.1.2 For DRI produced from coal based rotary kiln processes with a carbon content of around 0.1 percent, the degree of metallization is as per IS 15774 and while melting, extra carbon in the form of petroleum coke, broken graphite electrodes, etc, should be charged at the furnace bottom to achieve maximum reduction of FeO. DRI produced from gas based processes have an edge, in this regard, as its carbon content is much higher, over its coal based counterpart. Lower degree of metallization results in increased power consumption and longer heat time. Conversely, at very high metallization levels, there is insufficient oxygen in DRI to maintain a continuous boil and under these conditions, an increased proportion of the arc radiation is lost to the refractories with a consequent reduction in melting efficiency and increased overall power consumption

4.1.3 Indian arc furnaces are generally low powered (100 - 200 kVA/t) and only some are medium powered (200 - 400 kVA/t) and their capacity ranges between 10 - 25 tonne. This automatically imposes limitations on the proportion of scrap that can be substituted by DRI. High power (400 - 700 kVA/t) and ultra-high power ( above 700 kVA/t ) furnaces can consume even up to 100 percent DRI whereas in case of the former the optimum ranges between 40 - 50 percent. It has been established that for a 50 t UHP electric arc furnace using 100 percent DRT, for 1 percent decrease in the degrees of metallization, power consumption increases by 10 kWh/t of steel tapped and the same is likely to be higher for smaller furnaces. When partial charge of DRI is used, the sensitivity of power consumption with degree of metallization is smaller as at lower degree of metallization, more vigorous carbon boil is expected.

4.2 Effect of Carbon Boil

Unreduced iron oxides present in DRI can be used to advantage by the steel maker by reacting with appropriate amount of carbon to maintain a ‘carbon boil’ at the slag-metal interface. The volume of gas evolved from this reaction is appreciable, and it lies in the range of 4 - 10 m3 per minute from a bath area of one m2. This increases the slag depth while decreasing the slag density markedly. A 10 cm thick slag can be foamed to over a 50 cm depth while the slag density goes down below 1 gm/cm3. Further, due to this vigorous carbon boil, both hydrogen and nitrogen contents are decreased to very low levels, refractory is protected and refining reactions become faster.

4.3 Effect of Gangue

The presence of gangue in DRI influences the steel making operation through its effect on slag weight and slag composition. The magnitude of this effect depends on the amount and nature of the gangue in the DRI as well as the quantity of DRI being added to the charge. Typically, an increase of slag weight of 50 kg/t of steel tapped may result in an increase in melting energy consumption of about 50 kWh/t of steel. This slope is dependent on compositions and nature of both the slag making materials and the resulting slag and thus can vary between 35 kWh/t to 35 kWh/t of steel/50 kg slag.

5 EFFECT OF PLANT PRACTICE

5.1 Batch Charging

For DRI produced from coal based processes, the optimum percentage in the charge is in the range of 10 - 20 percent whereas for DRI from gas based processes, the same is in the range of 20-30 percent.

Batch-wise charging is suitable in cases where DRI is used in limited quantities or sporadically so that the additional cost of installing continuous charging facilities is not justified. Batch charging is also the only recommended process for 5 t arc furnaces.

5.2 Continuous Charging

As mentioned in 4.1.3, in the case of continuous charging in furances of 10 t or more capacity, the optimum DRI percentage is 40-50 percent.

5.2.1 Continuous charging of DRI is most beneficial when melting takes place at the slag/ metal interface - this necessitates the DRI quickly penetrating the slag layer. For typical DRI pellets/lumps with a size range of 6 - 25 mm a vertical velocity at impact with the slag in the range of 7 - 9 m/s has been found adequate for good slag penetration. Further, foaming slag is also required for overcoming penetration problem. In general, DRI feed rates are maintained in the range of 27 to 35 kg/min/MW of applied power.

5.2.2 Normally, first a molten pool of scrap is formed in the center of the furnace and when the bath temperature reaches around 1 510C, continuous feeding of DRI should start at one third to one half the normal rage at full power. After 10 - 15 minutes a good boil and foaming slag are established, the feed rate is increased at full power to maintain the bath temperature at 1 570°C. Use of gaseous oxygen helps in the faster melting and as such the overall heat time can be decreased. The refining operations are controlled in such a way that the furnace is tapped soon after completing the continuous feeding of DRI charge.

5.2.3 While using 100 percent DRI in the charge, the ‘hot heel’ practice, in which 10 percent or more of the metal from the prior heat, plus some slag are retained in the furnace after tapping, should be adopted. The DRI is then continuously fed under full power to this molten pool, and a good foaming slag is formed which protects the refractories from arc radiation. The foaming slag practice also allows for use of a lower arc that improves electrical efficiency with no detrimental effect to wall and roofs.

5.2.4 Continuous charging of DRI in EAF results in significant benefits, such as less power ‘off’ time, lower heat losses, higher power input, improved bath heat transfer and faster metallurgical reactions, overlapping of melting and refining operations, etc. These effects continue to increase furnace productivity and reduce both electrode and power consumption relative to batch charging. With larger proportions of DRI in the charge, beyond the optimum value, the adverse effects of gangue and incomplete metallization tend to decrease the benefits of continuous charging.

5.3 Continuous Charging of Hot DRI

Hot DRI (from gas based processes) at a temperature of around 700 – 800 C, can be continuously charged into an electric arc furnace. With a high DRI charge, this can result in 20 percent reduction in electrode consumption, up to 35 percent increase in the feed rate and around 30 percent increase in productivity compared to cold DRI charging practice.

6 EFFECT OF DRI ON EAF PERFORMANCE

6.1 Productivity

During batch charging of DRI, the charging practice is adjusted in such a way so as to eliminate one or more back charges. This results in increased furnace productivity relative to all scrap practice with the optimum occurring at about 15 percent for coal based DRI, or 20 percent for gas based DRI.

6.1.1 For continuous charging of DRI, in most cases, the increase in productivity occurs. The best results are obtained with 45 - 50 percent DRI in the charge when productivity can go up by 20 percent.

6.2 Power Consumption

In general, batch charging of DRI leads to increased power consumption, the magnitude of which is directly proportional to the amount of DRI charged, the gangue content and the amount of unreduced iron oxides in it.

6.2.1 For continuously charged DRI heats (with 45 - 50 percent DRI in the charge), power consumption can go up by about 10 percent as compared to all scrap heats.

6.3 Electrode Consumption

In batch charged heats with a maximum of 15 - 20 percent DRI in the charge, and where the usage of such DRI eliminates at least one back charge, electrode consumption is not likely to increase.

6.3.1 However, in the continuously charged DRI heats, with 45 - 50 percent DRI in the charge, the electrode consumption is likely to decrease by 5 - 10 percent, as compared to all scrap practice, mainly due to the less number of electrode breakages while using DRI.

6.4 Flux Consumption

Flux consumption definitely goes up while using DRI depending on the gangue and phosphorous in DRI present and the levels of Sulphur and phosphorous required in the steel. As a result, the usage of DRI leads to increased slag volume in an EAF.

6.4.1 All EAF shops planning to use DRI, therefore, must make arrangements to handle this increased slag volume for smooth plant operations. Water cooled rakes and bigger slag boxes can help in coping up with this problem.

6.5 Refractory Consumption

The refractory consumption is mainly influenced by residual iron oxide content and other impurities in DRI. When 15-20 percent DRI is batch charged, it has very little effect on the overall refractory consumption relative to all scrap practice.

6.5.1 During continuously charged DRI heats, from the end of scrap melting to tapping of metal, the electric arcs operate under open bath conditions and the furnace lining is exposed to heavy radiation attack. However, by suppression of the arc radiation by creating a foamy slag during continuous charging of DRI, it is possible to keep the refractory consumption at more or less the same level as in conventional scrap practice. Foamy slag also protects the slag line refractory from excessive attack.

6.5.2 The introduction of water cooled panels has led to the development of improved refractories, characterized by high thermal conductivity and high resistance to thermal shock for use in close contact with the panels. DRI always contains some unreduced iron oxide mainly in the form of, Fe0 and can have a harmful effect on the furnace bottom and side walls but with better quality refractories now available, this aspect also is taken care of.

6.6 Lowering in Levels of Residual Elements

Use of DRI in the charge results in a decrease in the level of residuals in steel. This is a straight-line relationship, higher the proportion of DRI, lower would be the level of these elements in steel. This ultimately leads to improved cold workability of steel especially pertaining to cold rolling and deep drawing operations.

SECTION 2 MELTING CHARACTERISTICS OF DRI IN BASIC OXYGEN FURNACES (BOF)

7 GENERAL

This section of the standard prescribes the characteristics of DRI when used as a coolant in basic oxygen furnace.

8 EFFECT OF DRI QUALITY

8.1 Metallization and Metallic Content

Sponge iron addition as coolant increases the iron oxide content of the final slag. For 15-30 percent replacement, the increase in FeO over the normal heat is about 1.0 percent. Thus, in order to maintain the FeO level in the slag within satisfactory limits, the sponge iron must be of higher metallization. The yield, which depends on the slag volume, is found to increase marginally at values of metallization about 90 percent where at lower values, the yield is expected to decrease. On an average, for every tonne of DRI an excess of 0.15 percent hot metal is required to keep the yield at the same level at metallization values below 90 percent. Replacement ratios of 1.2:1 with scrap has been achieved at higher metallization values without affecting the blowing characteristics.

8.2 Gangue Content

The addition of gangue through DRI addition has a two fold effect:

a) The slag volume increases; and

b) The lime consumption increases due to excess silica input in the sponge iron.

The increase in slag volume depends on the silica content in the DRI and may need an increase in the number of times deslagging is done.

8.2.1 The increase in lime consumption has been found to be of the order of 10 kg/t of steel for an increase in DRI of 20 kg/t of steel. This again varies with different percentages of silica in the DRI and the basicity of the bath desired.

8.3 Density and Bulk Density

The density/bulk density of sponge iron being low, will affect its storing, charging and dissolution when charged into the converter. In relation to its dissolution behaviour two cases may be assumed:

a) Specific gravity of DRI < Specific gravity of liquid slag, and

b) Specific gravity of DRI > Specific gravity of liquid slag.

8.3.1 In case (a) the melting of DRI particles would be hampered due to poor heat transfer to DRI particles from the molten slag/slag-metal-slag emulsion. It has been seen that increasing the density has a pronounced effect till values above 3 gm/cm3 are reached. Coarser particles of density between 3 and 7 gm/cm3 tend to pass relatively fast, down to slag metal interface where faster melting is achieved. Melting of denser DRI pellets/briquettes (7 gm/cm3) has been found to cause problems.

8.4 DRI Particle Size

It is found that -4 or -3 mm sizes are not suitable for charging in converters as they give rise to flaming, if charged after the hot metal or during the blow. Further, lower sizes lead to formation of ‘ice bergs’ and create problems in melting.

9 EFFECT OF DRI ON OPERATING PARAMETERS

The effectiveness of a material as a coolant depends on its thermal properties and varies over a wide range. Iron ore, for example, is about 4.5 times as effective as ferrous scrap as a coolant.

9.1 Cooling Power

The cooling power of sponge iron depends on the degree of metallization and to a lesser extent of gangue content. For 15-30 percent replacement, the cooling factor has been found to be about 1.4 corresponding to a metallization level of about 85 percent. For higher replacements, the cooling power of about 1.5 has been found with the same DRI.

9.2 Basicity

The excess silica input from sponge iron must be considered particularly for its impact on the path of slag formation and its consequent effect on the slag basicity. The average final basicity of the bath at 31-40 percent replacement and 41-60 percent replacement ( DRI of 88 percent metallization and 3.4 percent silica ) have been found to be 3.4 and 3.1 respectively. Increase in basicity at lower replacement level may be attributed to better lime dissolution due to higher FeO in slag.



9.3 Desulphurization

It is observed that the degree of desulphurization is lower when DRI is used as a coolant. This is on account of the relatively lower basicity of the slag due to lower lime consumption and lower bath temperature with increasing levels of DRI. But since most DRI contain very low levels of Sulphur and help in diluting the Sulphur input through hot metal, the above drawback is more than offset.

9.4 Dephosphorization

It is seen that unlike the degree of desulphurization, the degree of dephosphorization is greater when DRI is used. This is attributed to lower bath temperature and high FeO content of the slag. The extent of dephosphorization is found to increase up to about 60 percent DRI addition and decrease later on up to 100 percent replacement. This is due to higher bath temperatures at higher DRI percentages.

9.5 Slag Volume

As too large a slag volume leads to slopping, the use of sponge iron as a replacement to scrap in total or in portion has to be examined in terms of chemical composition of the same. It is observed that the number of times the deslagging is done when DRI is used is almost twice the number when only scrap is used. This is due to the extra gangue input with sponge iron in the charge.

9.6 Blowing Time

It is noted that increased use of sponge iron requires additional FeO units to take care of the additional slag quantity due to increased gangue content in the sponge. The oxygen input from sponge iron, approximately compensates the oxygen requirement for slag formation. Therefore, observed blow duration is only marginally different in all the instances.

9.7 Hot-Metal Consumption

The consumption of hot-metal in BOF process using sponge iron is very much affected by quantity of sponge iron in the charge. The specific consumption of hot metal increases at the rate of about 40 kg/t for an increase in DRI to 10 kg/t at 15 - 30 percent DRI level, 15 kg/t for an increase in DRI of 10 kg/t at higher DRI levels.

This is a combined effect of metallization level, quantity of sponge iron, silicon in hot metal and amount of mixer slag carryover with the hot metal.

10 OPERATING PRACTICES WITH DRI COOLANTS

10.1 Because of its sizing and chemical composition, DRI melts more rapidly in hot metal than either iron ore or scrap. Although, this situation may permit decreased blowing time, care must be taken to avoid excessive amounts of DRI in the initial charge since this can lead to excessive initial cooling of the hot metal and consequent ‘cold starts’ and prolonged blowing times.

10.2 When DRI is used as the primary coolant, only a portion of the DRI should be charged into the bottom of the vessel, with the remainder added continuously after ignition has been raised to about 1 450 °C. The DRI charged during the blow should be at least of +4 mm size, since finer material will be lost to the fume collection system. The - 4 mm material should be charged into the bottom of the furnace prior to the hot metal. Bath temperatures can be maintained essentially constant during the blow with DRI feed rates of 6 to 7 kg/ma of oxygen with the exception of briquettes. DRI should not be fed at the end of the blow, since the DRI may float on the slag or become coated with slag and fail to melt into the bath. Similarly, if DRI is used to cool a superheated bath, the heat usually must be re-blown in order to mix the DRI with the bath, quickly.

10.3 The method of addition of DRI to the BOF has an effect on performance. The continuous feeding of appreciable quantities of DRI tends to cool and stiffen the slag, especially late in the blow. The effect is significantly more pronounced for the low-density, finer sized pellets and lump materials than for briquettes.

10.4 In certain cases, this chilling effect has led to lower slag metal partitioning co-efficient for manganese, phosphorous, Sulphur. Charging of DRI into the BOF prior to hot-metal addition has shown no effect on the partitioning co-efficient up to 100 kg/t of steel.

10.5 Non-briquetted DRI can absorb considerable amounts of moisture. The DRI intended for charging into the bottom of the BOF prior to hot metal addition should be kept free from moisture to avoid explosions in the vessel or gas collection system. Damp DRI is to be charged on top of hot metal with caution.

10.6 When large amounts of DRI are to be added, low carbon material is advantageous in avoiding excessive quantities of waste gas. The high bulk density of DRI plus its case of handling relative to that of scrap offers advantages for automated BOF charging systems.

SECTION 3 MELTING CHARACTERISTICS OF DRI IN (CUPOLA FURNACES) FOUNDRY

11 GENERAL

This section of the standard prescribes the melting characteristics of DRI in cupola furnace.

12 DRI MELTING IN CUPOLA

12.1 DRI can replace a part of steel scrap and/or pig iron charged to cupola furnace. It is well known that one of the major disadvantages of Indian pig iron is that it contains titanium in the range of 0.095 to 0.200 percent because there is an appreciable amount of titanium oxide in the ore and coke used in the blast furnace in India. On the other hand DRI does not contain any titanium. Although the effect of titanium can be neutralized by the addition of misch metal or cerium, this involves an extra cost. It has been estimated that additional requirement of inoculants for 0.1 percent titanium will be approximately 0.5 to 1 kg/t. Savings of inoculants will be still more since DRI contains lower levels of Sulphur.

DRI can be used advantageously to bring down the carbon content of certain cast iron grades which would otherwise have an unfavorable carbon to silicon ratio.

12.2 Up to 25 percent DRI can be used in a cupola charge (to replace pig iron) without causing any significant operational difficulties. With higher percentages of DRI in the charge, however, the permeability of the charge decreases and as a result, the gas flow experiences greater resistance. This causes increased air pressure in the wind box and decreased air flow.

12.3 DRI should not be included in the first 6 to 8 charges if added in the earlier charges, it may cause difficulty in tapping out the liquid iron. This also ensures that when DRI reaches melting area, its temperature is sufficiently high.

12.4 For use in cupola, briquetted or lump DRI should be charged. Small DRI pellets can cause operating problems because they trickle down through voids and melt ahead of the material layer with which they were charged, causing that layer to be depleted of DRI pellets. The slag volume of the cupola furnace increases with increasing amounts of DRI in the charge. With 25 percent DRI, the slag volume can go up by 10-15 percent, consequently the smelting capacity of the cupola is expected to go down, depending upon its gangue content.

12.5 Carbon and silicon contents of the cast iron also go down with the usage of DRI, but the rate of decrease in case of the later is more rapid. Therefore, extra ferro-silicon additions will have to be made to make up the same.

SECTION 3A MELTING CHARACTERISTICS OF DRI IN INDUCTION FURNACE

13 GENERAL

13.1 This section of the standard prescribes the melting characteristics of DRI for melting in induction furnace.

13.2 With the development of solid state power supply, and inverters for supplying maximum power and maintaining throughout, during the entire melting time, the efficiency of modern induction furnaces has gone up beyond 95 percent compared to SO-85 percent ten years ago. The energy consumption in large main frequency induction furnace employing liquid heel melting is below 600 kWh/t in modern furnaces.

13.3 Induction melting of DRI imposes some guidelines for successful and trouble free melting. Firstly, unlike scrap 100 percent DRI melting needs a heel of melt occupying at least about 30 percent of the furnace capacity. Secondly, unlike other furnaces, induction furnace does not provide the adequate environment for reduction of the un-reduced Fe0 in the DRI. Thirdly, the gangue of the DRI with un-reduced Fe0 forms slag cover over the melt, and thus occupies a useful fraction of the furnace volume. Fourthly, DRI addition to the molten pool should be continuous and balanced with the rate of energy input to the furnaces. The fast melting of DRI requires that DRI added should dip immediately in the slag cover and melts at the slag-metal interface. For smooth, fast and efficient melting of DRI in induction furnace, some particular physico-chemical characteristics are required. These characteristics are discussed in 14 and 15.

14 PHY SICO-CHEMICAL CHARACTERISTICS OF DRI

14.1 Apparent Specific Gravity

The melting of DRI particles should take place dipped in the slag at the slag-metal boundary line. Therefore, the apparent specific gravity of the particle should be higher than the specific gravity.

14.2 True Specific Gravity and Porosity

The true specific gravity provides a good insight about the metallic iron content of the DRI and the gangue along with the un-reduced FeO content. Combined with the apparent specific gravity, it can also provide insight about porosity according to the formula:

Porosity, % = 

Apparent specific gravity, porosity, and true specific gravity may be determined in accordance with the methods given in IS 11348 and IS 11896.

14.3 Aggregate of DRI

DRI for induction melting should be of good quality, evenly sized, having low dust, good strength and high metallic content.

14.4 Size Distribution

Close size range with minimum of dust should be used. The upper permissible limit may be negotiable between buyer and seller.

14.5 Bulk Density

Higher bulk density is desirable. Bulk density may be determined in accordance with IS 5842.

15 CHEMICAL CHARACTERISTICS

15.1 Equivalent Metallization

Equivalent metallization rather than metallization should be considered to include the effect of carbon content of the DRI (see IS 15774).

15.2 Metallic Content

15.2.1 It is important to have a DRI with high metallic iron content and low gangue content.

15.2.2 The principle gangue content (SiO2    Al2O3) of the DRI forms slag. As very little fluxing agent or addition is practiced in induction melting, the proportion of these two oxides should matching, as far as possible, A12O3/SiO2    1 is recommended. The total Al2O3 + SiO2 should be below 5 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 Ores and Feedstock for Iron and Steel Industry Sectional Committee has 


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. It also incorporates 1 amendment issued to 


the last version of the standard. 


In addition, the following changes have been made:  


a) Reference clause has been updated; 


During the past few years the use of sponge iron has become increasingly important, in the electric 


arc and other steel making furnaces mainly due to irregularity in price and the poor quality of scrap 


available. Also, due to its inherent plus points like virgin nature, low Sulphur and phosphorous 


content and consistency of composition, more and more iron and steel foundries are using direct 


reduced iron ( DRI ) for the production of quality castings. 


The technology of melting sponge iron is presently in an evolutionary state as the characteristics 


of DRI differ appreciably from iron and steel scrap as well as pig iron. Because of the vary nature 


of the product, the melting characteristics depend on the type of furnace in which it is used. 


Accordingly, this standard on melting characteristics has been divided into four sections: 


Section 1  Melting characteristics of DRI in electric arc furnace ( EAF ) 


Section 2  Melting characteristics of DRI in basic oxygen furnace ( BOF ) 


Section 3  Melting characteristics of DRI in ( cupola furnace ) foundry 


Section 3A  Melting characteristics of DRI in ( induction furnace ) foundry 


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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MELTING CHARACTERISTICS OF SPONGE IRON/DIRECT REDUCED 


IRON (DRI) 


(First Revision) 


1 SCOPE  


1.1 This standard prescribes the melting characteristics of sponge iron/direct reduced iron (DRI) 


in electric arc furnace, basic oxygen furnace when used as coolant, cupola furnace and induction 


furnace.  


1.2 This standard should be read in conjunction with IS 15774. 


2 REFERENCES 


The following 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 agreement 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 5842 : 1986 Method for measuring bulk density of iron oxides : Lump ores, sinter 


and pellets (first revision) 


 IS 11348 : 1989 Iron ore pellets  Apparent specific gravity, true specific gravity and 


apparent porosity  Methods for determination (first revision) 


 IS 11896 : 1986 Method for determination of apparent specific gravity, true specific 


gravity and apparent porosity of iron ore lumps and sinters 


 IS 15774 : 2007 Sponge iron/direct reduced iron (DRI) hot briquette iron (HBI) and 


cold briquette iron (CBI) for steel making — Specification 


 


SECTION 1 MELTING CHARACTERISTICS OF DRI IN EAF 


3 GENERAL 


This section of the standard prescribes the melting characteristics of DRI in electric arc furnaces. 


4 EFFECT OF CHEMICAL CONSTITUENTS/ OTHER PARAMETERS 


4.1 Effect of Metallization 


4.1.1 In freshly prepared DRT, un-reduced iron oxides are primarily wustite (FeO). The furnace 


should be operated in such a way that the Fe is recovered by adding extra carbon to reduce FeO 


even at the expense of some additional energy consumption. 
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4.1.2 For DRI produced from coal based rotary kiln processes with a carbon content of around 0.1 


percent, the degree of metallization is as per IS 15774 and while melting, extra carbon in the form 


of petroleum coke, broken graphite electrodes, etc, should be charged at the furnace bottom to 


achieve maximum reduction of FeO. DRI produced from gas based processes have an edge, in this 


regard, as its carbon content is much higher, over its coal based counterpart. Lower degree of 


metallization results in increased power consumption and longer heat time. Conversely, at very 


high metallization levels, there is insufficient oxygen in DRI to maintain a continuous boil and 


under these conditions, an increased proportion of the arc radiation is lost to the refractories with 


a consequent reduction in melting efficiency and increased overall power consumption 


4.1.3 Indian arc furnaces are generally low powered (100 - 200 kVA/t) and only some are medium 


powered (200 - 400 kVA/t) and their capacity ranges between 10 - 25 tonne. This automatically 


imposes limitations on the proportion of scrap that can be substituted by DRI. High power (400 - 


700 kVA/t) and ultra-high power ( above 700 kVA/t ) furnaces can consume even up to 100 percent 


DRI whereas in case of the former the optimum ranges between 40 - 50 percent. It has been 


established that for a 50 t UHP electric arc furnace using 100 percent DRT, for 1 percent decrease 


in the degrees of metallization, power consumption increases by 10 kWh/t of steel tapped and the 


same is likely to be higher for smaller furnaces. When partial charge of DRI is used, the sensitivity 


of power consumption with degree of metallization is smaller as at lower degree of metallization, 


more vigorous carbon boil is expected. 


4.2 Effect of Carbon Boil 


Unreduced iron oxides present in DRI can be used to advantage by the steel maker by reacting 


with appropriate amount of carbon to maintain a ‘carbon boil’ at the slag-metal interface. The 


volume of gas evolved from this reaction is appreciable, and it lies in the range of 4 - 10 m3 per 


minute from a bath area of one m2. This increases the slag depth while decreasing the slag density 


markedly. A 10 cm thick slag can be foamed to over a 50 cm depth while the slag density goes 


down below 1 gm/cm3. Further, due to this vigorous carbon boil, both hydrogen and nitrogen 


contents are decreased to very low levels, refractory is protected and refining reactions become 


faster. 


4.3 Effect of Gangue 


The presence of gangue in DRI influences the steel making operation through its effect on slag 


weight and slag composition. The magnitude of this effect depends on the amount and nature of 


the gangue in the DRI as well as the quantity of DRI being added to the charge. Typically, an 


increase of slag weight of 50 kg/t of steel tapped may result in an increase in melting energy 


consumption of about 50 kWh/t of steel. This slope is dependent on compositions and nature of 


both the slag making materials and the resulting slag and thus can vary between 35 kWh/t to 35 


kWh/t of steel/50 kg slag. 


5 EFFECT OF PLANT PRACTICE 


5.1 Batch Charging 
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For DRI produced from coal based processes, the optimum percentage in the charge is in the range 


of 10 - 20 percent whereas for DRI from gas based processes, the same is in the range of 20-30 


percent. 


Batch-wise charging is suitable in cases where DRI is used in limited quantities or sporadically so 


that the additional cost of installing continuous charging facilities is not justified. Batch charging 


is also the only recommended process for 5 t arc furnaces. 


5.2 Continuous Charging 


As mentioned in 4.1.3, in the case of continuous charging in furances of 10 t or more capacity, the 


optimum DRI percentage is 40-50 percent. 


5.2.1 Continuous charging of DRI is most beneficial when melting takes place at the slag/ metal 


interface - this necessitates the DRI quickly penetrating the slag layer. For typical DRI 


pellets/lumps with a size range of 6 - 25 mm a vertical velocity at impact with the slag in the range 


of 7 - 9 m/s has been found adequate for good slag penetration. Further, foaming slag is also 


required for overcoming penetration problem. In general, DRI feed rates are maintained in the 


range of 27 to 35 kg/min/MW of applied power. 


5.2.2 Normally, first a molten pool of scrap is formed in the center of the furnace and when the 


bath temperature reaches around 1 510C, continuous feeding of DRI should start at one third to 


one half the normal rage at full power. After 10 - 15 minutes a good boil and foaming slag are 


established, the feed rate is increased at full power to maintain the bath temperature at 1 570°C. 


Use of gaseous oxygen helps in the faster melting and as such the overall heat time can be 


decreased. The refining operations are controlled in such a way that the furnace is tapped soon 


after completing the continuous feeding of DRI charge. 


5.2.3 While using 100 percent DRI in the charge, the ‘hot heel’ practice, in which 10 percent or 


more of the metal from the prior heat, plus some slag are retained in the furnace after tapping, 


should be adopted. The DRI is then continuously fed under full power to this molten pool, and a 


good foaming slag is formed which protects the refractories from arc radiation. The foaming slag 


practice also allows for use of a lower arc that improves electrical efficiency with no detrimental 


effect to wall and roofs. 


5.2.4 Continuous charging of DRI in EAF results in significant benefits, such as less power ‘off’ 


time, lower heat losses, higher power input, improved bath heat transfer and faster metallurgical 


reactions, overlapping of melting and refining operations, etc. These effects continue to increase 


furnace productivity and reduce both electrode and power consumption relative to batch charging. 


With larger proportions of DRI in the charge, beyond the optimum value, the adverse effects of 


gangue and incomplete metallization tend to decrease the benefits of continuous charging. 


5.3 Continuous Charging of Hot DRI 


Hot DRI (from gas based processes) at a temperature of around 700 – 800 C, can be continuously 


charged into an electric arc furnace. With a high DRI charge, this can result in 20 percent reduction 
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in electrode consumption, up to 35 percent increase in the feed rate and around 30 percent increase 


in productivity compared to cold DRI charging practice. 


6 EFFECT OF DRI ON EAF PERFORMANCE 


6.1 Productivity 


During batch charging of DRI, the charging practice is adjusted in such a way so as to eliminate 


one or more back charges. This results in increased furnace productivity relative to all scrap 


practice with the optimum occurring at about 15 percent for coal based DRI, or 20 percent for gas 


based DRI. 


6.1.1 For continuous charging of DRI, in most cases, the increase in productivity occurs. The best 


results are obtained with 45 - 50 percent DRI in the charge when productivity can go up by 20 


percent. 


6.2 Power Consumption 


In general, batch charging of DRI leads to increased power consumption, the magnitude of which 


is directly proportional to the amount of DRI charged, the gangue content and the amount of 


unreduced iron oxides in it. 


6.2.1 For continuously charged DRI heats (with 45 - 50 percent DRI in the charge), power 


consumption can go up by about 10 percent as compared to all scrap heats. 


6.3 Electrode Consumption 


In batch charged heats with a maximum of 15 - 20 percent DRI in the charge, and where the usage 


of such DRI eliminates at least one back charge, electrode consumption is not likely to increase. 


6.3.1 However, in the continuously charged DRI heats, with 45 - 50 percent DRI in the charge, the 


electrode consumption is likely to decrease by 5 - 10 percent, as compared to all scrap practice, 


mainly due to the less number of electrode breakages while using DRI. 


6.4 Flux Consumption 


Flux consumption definitely goes up while using DRI depending on the gangue and phosphorous 


in DRI present and the levels of Sulphur and phosphorous required in the steel. As a result, the 


usage of DRI leads to increased slag volume in an EAF. 


6.4.1 All EAF shops planning to use DRI, therefore, must make arrangements to handle this 


increased slag volume for smooth plant operations. Water cooled rakes and bigger slag boxes can 


help in coping up with this problem. 


6.5 Refractory Consumption 


The refractory consumption is mainly influenced by residual iron oxide content and other 


impurities in DRI. When 15-20 percent DRI is batch charged, it has very little effect on the overall 


refractory consumption relative to all scrap practice. 
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6.5.1 During continuously charged DRI heats, from the end of scrap melting to tapping of metal, 


the electric arcs operate under open bath conditions and the furnace lining is exposed to heavy 


radiation attack. However, by suppression of the arc radiation by creating a foamy slag during 


continuous charging of DRI, it is possible to keep the refractory consumption at more or less the 


same level as in conventional scrap practice. Foamy slag also protects the slag line refractory from 


excessive attack. 


6.5.2 The introduction of water cooled panels has led to the development of improved refractories, 


characterized by high thermal conductivity and high resistance to thermal shock for use in close 


contact with the panels. DRI always contains some unreduced iron oxide mainly in the form of, 


Fe0 and can have a harmful effect on the furnace bottom and side walls but with better quality 


refractories now available, this aspect also is taken care of. 


6.6 Lowering in Levels of Residual Elements 


Use of DRI in the charge results in a decrease in the level of residuals in steel. This is a straight-


line relationship, higher the proportion of DRI, lower would be the level of these elements in steel. 


This ultimately leads to improved cold workability of steel especially pertaining to cold rolling 


and deep drawing operations. 


SECTION 2 MELTING CHARACTERISTICS OF DRI IN BASIC OXYGEN 


FURNACES (BOF) 


7 GENERAL 


This section of the standard prescribes the characteristics of DRI when used as a coolant in basic 


oxygen furnace. 


8 EFFECT OF DRI QUALITY 


8.1 Metallization and Metallic Content 


Sponge iron addition as coolant increases the iron oxide content of the final slag. For 15-30 percent 


replacement, the increase in FeO over the normal heat is about 1.0 percent. Thus, in order to 


maintain the FeO level in the slag within satisfactory limits, the sponge iron must be of higher 


metallization. The yield, which depends on the slag volume, is found to increase marginally at 


values of metallization about 90 percent where at lower values, the yield is expected to decrease. 


On an average, for every tonne of DRI an excess of 0.15 percent hot metal is required to keep the 


yield at the same level at metallization values below 90 percent. Replacement ratios of 1.2:1 with 


scrap has been achieved at higher metallization values without affecting the blowing 


characteristics. 


8.2 Gangue Content 


The addition of gangue through DRI addition has a two fold effect: 


a) The slag volume increases; and 


b) The lime consumption increases due to excess silica input in the sponge iron. 
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The increase in slag volume depends on the silica content in the DRI and may need an increase in 


the number of times deslagging is done. 


8.2.1 The increase in lime consumption has been found to be of the order of 10 kg/t of steel for an 


increase in DRI of 20 kg/t of steel. This again varies with different percentages of silica in the DRI 


and the basicity of the bath desired. 


8.3 Density and Bulk Density 


The density/bulk density of sponge iron being low, will affect its storing, charging and dissolution 


when charged into the converter. In relation to its dissolution behaviour two cases may be assumed: 


a) Specific gravity of DRI < Specific gravity of liquid slag, and 


b) Specific gravity of DRI > Specific gravity of liquid slag. 


8.3.1 In case (a) the melting of DRI particles would be hampered due to poor heat transfer to DRI 


particles from the molten slag/slag-metal-slag emulsion. It has been seen that increasing the 


density has a pronounced effect till values above 3 gm/cm3 are reached. Coarser particles of density 


between 3 and 7 gm/cm3 tend to pass relatively fast, down to slag metal interface where faster 


melting is achieved. Melting of denser DRI pellets/briquettes (7 gm/cm3) has been found to cause 


problems. 


8.4 DRI Particle Size 


It is found that -4 or -3 mm sizes are not suitable for charging in converters as they give rise to 


flaming, if charged after the hot metal or during the blow. Further, lower sizes lead to formation 


of ‘ice bergs’ and create problems in melting. 


9 EFFECT OF DRI ON OPERATING PARAMETERS 


The effectiveness of a material as a coolant depends on its thermal properties and varies over a 


wide range. Iron ore, for example, is about 4.5 times as effective as ferrous scrap as a coolant. 


9.1 Cooling Power 


The cooling power of sponge iron depends on the degree of metallization and to a lesser extent of 


gangue content. For 15-30 percent replacement, the cooling factor has been found to be about 1.4 


corresponding to a metallization level of about 85 percent. For higher replacements, the cooling 


power of about 1.5 has been found with the same DRI. 


9.2 Basicity 


The excess silica input from sponge iron must be considered particularly for its impact on the path 


of slag formation and its consequent effect on the slag basicity. The average final basicity of the 


bath at 31-40 percent replacement and 41-60 percent replacement ( DRI of 88 percent metallization 


and 3.4 percent silica ) have been found to be 3.4 and 3.1 respectively. Increase in basicity at lower 


replacement level may be attributed to better lime dissolution due to higher FeO in slag. 
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9.3 Desulphurization 


It is observed that the degree of desulphurization is lower when DRI is used as a coolant. This is 


on account of the relatively lower basicity of the slag due to lower lime consumption and lower 


bath temperature with increasing levels of DRI. But since most DRI contain very low levels of 


Sulphur and help in diluting the Sulphur input through hot metal, the above drawback is more than 


offset. 


9.4 Dephosphorization 


It is seen that unlike the degree of desulphurization, the degree of dephosphorization is greater 


when DRI is used. This is attributed to lower bath temperature and high FeO content of the slag. 


The extent of dephosphorization is found to increase up to about 60 percent DRI addition and 


decrease later on up to 100 percent replacement. This is due to higher bath temperatures at higher 


DRI percentages. 


9.5 Slag Volume 


As too large a slag volume leads to slopping, the use of sponge iron as a replacement to scrap in 


total or in portion has to be examined in terms of chemical composition of the same. It is observed 


that the number of times the deslagging is done when DRI is used is almost twice the number when 


only scrap is used. This is due to the extra gangue input with sponge iron in the charge. 


9.6 Blowing Time 


It is noted that increased use of sponge iron requires additional FeO units to take care of the 


additional slag quantity due to increased gangue content in the sponge. The oxygen input from 


sponge iron, approximately compensates the oxygen requirement for slag formation. Therefore, 


observed blow duration is only marginally different in all the instances. 


9.7 Hot-Metal Consumption 


The consumption of hot-metal in BOF process using sponge iron is very much affected by quantity 


of sponge iron in the charge. The specific consumption of hot metal increases at the rate of about 


40 kg/t for an increase in DRI to 10 kg/t at 15 - 30 percent DRI level, 15 kg/t for an increase in 


DRI of 10 kg/t at higher DRI levels. 


This is a combined effect of metallization level, quantity of sponge iron, silicon in hot metal and 


amount of mixer slag carryover with the hot metal. 


10 OPERATING PRACTICES WITH DRI COOLANTS 


10.1 Because of its sizing and chemical composition, DRI melts more rapidly in hot metal than 


either iron ore or scrap. Although, this situation may permit decreased blowing time, care must be 


taken to avoid excessive amounts of DRI in the initial charge since this can lead to excessive initial 


cooling of the hot metal and consequent ‘cold starts’ and prolonged blowing times. 


10.2 When DRI is used as the primary coolant, only a portion of the DRI should be charged into 


the bottom of the vessel, with the remainder added continuously after ignition has been raised to 
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about 1 450 °C. The DRI charged during the blow should be at least of +4 mm size, since finer 


material will be lost to the fume collection system. The - 4 mm material should be charged into 


the bottom of the furnace prior to the hot metal. Bath temperatures can be maintained essentially 


constant during the blow with DRI feed rates of 6 to 7 kg/ma of oxygen with the exception of 


briquettes. DRI should not be fed at the end of the blow, since the DRI may float on the slag or 


become coated with slag and fail to melt into the bath. Similarly, if DRI is used to cool a 


superheated bath, the heat usually must be re-blown in order to mix the DRI with the bath, quickly. 


10.3 The method of addition of DRI to the BOF has an effect on performance. The continuous 


feeding of appreciable quantities of DRI tends to cool and stiffen the slag, especially late in the 


blow. The effect is significantly more pronounced for the low-density, finer sized pellets and lump 


materials than for briquettes. 


10.4 In certain cases, this chilling effect has led to lower slag metal partitioning co-efficient for 


manganese, phosphorous, Sulphur. Charging of DRI into the BOF prior to hot-metal addition has 


shown no effect on the partitioning co-efficient up to 100 kg/t of steel. 


10.5 Non-briquetted DRI can absorb considerable amounts of moisture. The DRI intended for 


charging into the bottom of the BOF prior to hot metal addition should be kept free from moisture 


to avoid explosions in the vessel or gas collection system. Damp DRI is to be charged on top of 


hot metal with caution. 


10.6 When large amounts of DRI are to be added, low carbon material is advantageous in avoiding 


excessive quantities of waste gas. The high bulk density of DRI plus its case of handling relative 


to that of scrap offers advantages for automated BOF charging systems. 


SECTION 3 MELTING CHARACTERISTICS OF DRI IN (CUPOLA FURNACES) 


FOUNDRY 


11 GENERAL 


This section of the standard prescribes the melting characteristics of DRI in cupola furnace. 


12 DRI MELTING IN CUPOLA 


12.1 DRI can replace a part of steel scrap and/or pig iron charged to cupola furnace. It is well 


known that one of the major disadvantages of Indian pig iron is that it contains titanium in the 


range of 0.095 to 0.200 percent because there is an appreciable amount of titanium oxide in the 


ore and coke used in the blast furnace in India. On the other hand DRI does not contain any 


titanium. Although the effect of titanium can be neutralized by the addition of misch metal or 


cerium, this involves an extra cost. It has been estimated that additional requirement of inoculants 


for 0.1 percent titanium will be approximately 0.5 to 1 kg/t. Savings of inoculants will be still more 


since DRI contains lower levels of Sulphur. 


DRI can be used advantageously to bring down the carbon content of certain cast iron grades which 


would otherwise have an unfavorable carbon to silicon ratio. 
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12.2 Up to 25 percent DRI can be used in a cupola charge (to replace pig iron) without causing 


any significant operational difficulties. With higher percentages of DRI in the charge, however, 


the permeability of the charge decreases and as a result, the gas flow experiences greater resistance. 


This causes increased air pressure in the wind box and decreased air flow. 


12.3 DRI should not be included in the first 6 to 8 charges if added in the earlier charges, it may 


cause difficulty in tapping out the liquid iron. This also ensures that when DRI reaches melting 


area, its temperature is sufficiently high. 


12.4 For use in cupola, briquetted or lump DRI should be charged. Small DRI pellets can cause 


operating problems because they trickle down through voids and melt ahead of the material layer 


with which they were charged, causing that layer to be depleted of DRI pellets. The slag volume 


of the cupola furnace increases with increasing amounts of DRI in the charge. With 25 percent 


DRI, the slag volume can go up by 10-15 percent, consequently the smelting capacity of the cupola 


is expected to go down, depending upon its gangue content. 


12.5 Carbon and silicon contents of the cast iron also go down with the usage of DRI, but the rate 


of decrease in case of the later is more rapid. Therefore, extra ferro-silicon additions will have to 


be made to make up the same. 


SECTION 3A MELTING CHARACTERISTICS OF DRI IN INDUCTION FURNACE 


13 GENERAL 


13.1 This section of the standard prescribes the melting characteristics of DRI for melting in 


induction furnace. 


13.2 With the development of solid state power supply, and inverters for supplying maximum 


power and maintaining throughout, during the entire melting time, the efficiency of modern 


induction furnaces has gone up beyond 95 percent compared to SO-85 percent ten years ago. The 


energy consumption in large main frequency induction furnace employing liquid heel melting is 


below 600 kWh/t in modern furnaces. 


13.3 Induction melting of DRI imposes some guidelines for successful and trouble free melting. 


Firstly, unlike scrap 100 percent DRI melting needs a heel of melt occupying at least about 30 


percent of the furnace capacity. Secondly, unlike other furnaces, induction furnace does not 


provide the adequate environment for reduction of the un-reduced Fe0 in the DRI. Thirdly, the 


gangue of the DRI with un-reduced Fe0 forms slag cover over the melt, and thus occupies a useful 


fraction of the furnace volume. Fourthly, DRI addition to the molten pool should be continuous 


and balanced with the rate of energy input to the furnaces. The fast melting of DRI requires that 


DRI added should dip immediately in the slag cover and melts at the slag-metal interface. For 


smooth, fast and efficient melting of DRI in induction furnace, some particular physico-chemical 


characteristics are required. These characteristics are discussed in 14 and 15. 


14 PHY SICO-CHEMICAL CHARACTERISTICS OF DRI 


14.1 Apparent Specific Gravity 
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The melting of DRI particles should take place dipped in the slag at the slag-metal boundary line. 


Therefore, the apparent specific gravity of the particle should be higher than the specific gravity. 


14.2 True Specific Gravity and Porosity 


The true specific gravity provides a good insight about the metallic iron content of the DRI and 


the gangue along with the un-reduced FeO content. Combined with the apparent specific gravity, 


it can also provide insight about porosity according to the formula: 


Porosity, % = 
True sp gr−Apparent sp gr 


True sp gr
   ×   100 


Apparent specific gravity, porosity, and true specific gravity may be determined in accordance 


with the methods given in IS 11348 and IS 11896. 


14.3 Aggregate of DRI 


DRI for induction melting should be of good quality, evenly sized, having low dust, good strength 


and high metallic content. 


14.4 Size Distribution 


Close size range with minimum of dust should be used. The upper permissible limit may be 


negotiable between buyer and seller. 


14.5 Bulk Density 


Higher bulk density is desirable. Bulk density may be determined in accordance with IS 5842. 


15 CHEMICAL CHARACTERISTICS 


15.1 Equivalent Metallization 


Equivalent metallization rather than metallization should be considered to include the effect of 


carbon content of the DRI (see IS 15774). 


15.2 Metallic Content 


15.2.1 It is important to have a DRI with high metallic iron content and low gangue content. 


15.2.2 The principle gangue content (SiO2    Al2O3) of the DRI forms slag. As very little fluxing 


agent or addition is practiced in induction melting, the proportion of these two oxides should 


matching, as far as possible, A12O3/SiO2    1 is recommended. The total Al2O3 + SiO2 should be 


below 5 percent. 
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FOREWORD

(Formal clause will be added to be later)

This standard was originally published in 1985. 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 changes have been made: 

a) Reference clause has been added;

b) 

c) 

In recent years, sponge iron has gained prominence as a feed stock for steel making in electric arc furnace or in oxygen steel making processes. Suitability of any of the proposed raw material combination plays a significant role during the production of sponge iron. For ensuring, whether the proposed combination of ore and coal, in principle, is suited for direct reduction in rotary kiln process, it was felt necessary to formulate this standard covering a method of testing of raw materials to determine the reducibility of ore and degradation of iron ore and coal during sponge iron 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 (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

METHOD OF ROTARY TUBE TEST FOR IRON BEARING MATERIALS FOR THE MANUFACTURE OF SPONGE IRON/DIRECT REDUCED IRON ( DRI )

(First Revision)

1 SCOPE

This standard prescribes the rotary tube test method to determine the reducibility of iron ore and degradation behavior of iron ore and coal during sponge iron production by simulating the reduction conditions of rotary kiln.

2 REFERENCE

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

		IS No.

		Title



		IS 460 

		Test Sieves — Specification 



		  Part 1 : 2020

		Wire Cloth Test Sieves ( fourth revision )



		  Part 2 : 2020

		Perforated Plate Test Sieves (fourth revision)



		

		



		IS 1350  

		Methods of test for coal and coke



		  Part 1 : 1984

		Proximate analysis (second revision)



		  Part 2 : 2022/

ISO 1928 : 2020



		Determination of gross calorific value (third revision)



		  Part 3 : 2022/

ISO 334 : 2020



		Determination of total sulphur eschka method (second revision)



		  Part 4/Sec 1 : 1974

		Ultimate analysis, section 1 determination of carbon and hydrogen (first revision)



		

  Part 4/Sec 2 : 1975



		Methods of test for coal and coke: Part 4 ultimate analysis, section 2 Determination of nitrogen (first revision)



		  Part 5 : 2017

		Determination of special impurities (Carbon Present As Carbonate, Chlorine And Phosphorus) (second revision)



		IS 1493 : 1959

		Methods of chemical analysis of iron ores



		IS 1607 : 2013

		Methods of test sieving (second revision)



		IS 10823 : 2018

		Methods for determination of thermal degradation index (TDI) and reduction degradation index (RDI) of iron oxides: lump ores, sinter and pellets (second revision)





3 SAMPLE PREPARATION

The raw materials shall be reduced to the size normally applied in industrial plants The iron ore lumps shall be crushed to a size below 20 mm in a jaw crusher and the coal to a size below 15 mm in a roll crusher. After crushing, the lump ore shall be screened at 6 mm and ore of 5-20 mm fraction used for test. The coal shall be screened at 3 mm and the fraction of 1-15 mm used for the test. Detail screen analysis for the coal 3-6 mm, 6-10 mm, 10-15 mm and screen analysis of the ore at 6-10 mm, 10-15 mm and 15-20 mm shall be reported along with the results. Ore and coal shall be chemically analyzed, in accordance with the methods given in IS 1493 and the relevant parts of IS 1350.

4 TEST SIEVES

Test sieves shall he of the square mesh type and shall conform to the requirements given in IS 460 (Part 1) or IS 460 (Part 2). As the standard test sieve will become less accurate after period of time, the sieve shall therefore be periodically checked according to IS 460 (Part 3) and the correction factor shall be determined and applied to the result.


5 TEST EQUIPMENT

5.1 Rotary Tube 

The laboratory type rotary tube consists of a heat resistant steel. tube with an inside diameter of 150 mm and a reaction zone length of 650 mm. Its total length shall be 1 450 mm. The rotary tube tapers on its both ends to 90 mm inside diameter. The rotary tube is provided with arrangement of rotating it at a variable speed of 3-27 rev/min (normally operated at constant speed of 8 rpm) and admitting inert gas during the cooling period.

5.2 Furnace 

The furnace shall be heated electrically having the heating elements in the spiral form, inserted in the refractory lining of the heating chamber. The external dimension of the heating chamber and furnace shall be as follows:

Furnace width, approx		 1 200 mm

Furnace height, approx		 1 400 mm

Total length, approx		 2 870 mm

Supply voltage 415 V 50 Hz

Power				 20 kW

Maximum current			 28 A

Maximum operating temperature 	 1 150°C

5.2.1 Both front sides of the furnace shall have a gas tight sealing. For charging and discharging of the sample, the stationary head of the inlet side shall be equipped with a rubber gasket. A thermocouple shall be provided at the centre of the reaction zone through the sealing flange and shall be connected with a temperature controller to control the temperature in the rotary tube.

5.3 A typical test equipment has been given in Fig. 1, for illustration.

6 TEST PROCEDURE

6.1 Test Conditions 

The test condition shall be as follows:

		a) Kiln Charge

		



		Mass of ore

		1 000 g



		Ore size

		5-20 mm



		Reductant

		Coal to be tested



		Coal size

		3-15 mm



		Fixed C/Fe ratio

		0.5 (this ratio shall determine the mass of the coal to be charged







		b) Kiln Conditions

		



		Temperature of kiln at start of test

		Room temperature



		Reduction temperature

		1 000 ± 10°C



		Heat-up time for reduction temperature

		120 minutes, Max ( recommended rate 10°C/min )



		Reduction time

		180 minutes



		Kiln speed

		8 rev/min



		Kiln atmosphere

		Nitrogen gas





6.2 Procedure 

Place the cold tube with the sample in the furnace at room temperature and start rotating it at 8 rev/min. Switch on the furnace and raise the temperature of the sample at the rate of 10°C per minute to the predetermined temperature (1 000°C) under a neutral atmosphere by passing nitrogen at 3 litres / minutes. Maintain this temperature for a defined period of reduction time (180 minutes).

6.2.1 After the required retention time (180 minutes), cool the sample with nitrogen to 300°C in the furnace, continue rotating at 8 rev/min. For further cooling to room temperature, the tube shall be taken out of the furnace or retained in the furnace

6.2.2 After the sample cools down to room temperature, it shall be subjected to magnetic separation. The magnetics and the non-magnetics shall be screened according to IS 1607, and their respective mass determined.

7 TEST REPORT

The test report shall contain the following informations:

a) Screen analysis of feed ore and coal,

b) Screen analysis of magnetics and non-magnetics,

c) Grain size wise metallization and chemical analysis of the product —1 mm and —3 mm fraction must be reported, and

d) Reduction degradation behaviour of magnetic product.

7.1.1 The reduction degradation of ore, suitable for sponge iron manufacture should be minimum. The criterion for the ore degradation is the proportion of 1 mm in the reduce product in accordance with IS 10823.



[image: ]



FIG. 1 LABORATORY ROTARY FURNACE
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15 June 2023 


FOREWORD 


(Formal clause will be added to be later) 


This standard was originally published in 1985. 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 recent years, sponge iron has gained prominence as a feed stock for steel making in electric arc 


furnace or in oxygen steel making processes. Suitability of any of the proposed raw material 


combination plays a significant role during the production of sponge iron. For ensuring, whether 


the proposed combination of ore and coal, in principle, is suited for direct reduction in rotary kiln 


process, it was felt necessary to formulate this standard covering a method of testing of raw 


materials to determine the reducibility of ore and degradation of iron ore and coal during sponge 


iron 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 (second revision)’. The 
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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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METHOD OF ROTARY TUBE TEST FOR IRON BEARING 
MATERIALS FOR THE MANUFACTURE OF SPONGE 


IRON/DIRECT REDUCED IRON ( DRI ) 


(First Revision) 


1 SCOPE 


This standard prescribes the rotary tube test method to determine the reducibility of iron ore and 
degradation behavior of iron ore and coal during sponge iron production by simulating the 
reduction conditions of rotary kiln. 


2 REFERENCE 


The following Indian Standards contain provisions, which through reference in this text, constitute 


provisions of this standard.  At the time of publication, the editions indicated were valid.  All 


standards are subject to revision and parties to agreements based on this standard are encouraged 


to investigate the possibility of applying the most recent editions of the standards indicated in given 


below: 


IS No. Title 


IS 460  Test Sieves — Specification  


  Part 1 : 2020 Wire Cloth Test Sieves ( fourth revision ) 


  Part 2 : 2020 Perforated Plate Test Sieves (fourth revision) 


  Part 3 : 2020 Methods of examination of apertures of test sieves (fourth revision) 


IS 1350   Methods of test for coal and coke 


  Part 1 : 1984 Proximate analysis (second revision) 


  Part 2 : 2022/ 


ISO 1928 : 2020 


 


Determination of gross calorific value (third revision) 


  Part 3 : 2022/ 


ISO 334 : 2020 


 


Determination of total sulphur eschka method (second revision) 


  Part 4/Sec 1 : 


1974 


Ultimate analysis, section 1 determination of carbon and hydrogen (first 


revision) 


 


  Part 4/Sec 2 : 


1975 


 


Methods of test for coal and coke: Part 4 ultimate analysis, section 2 


Determination of nitrogen (first revision) 


  Part 5 : 2017 Determination of special impurities (Carbon Present As Carbonate, Chlorine 


And Phosphorus) (second revision) 


IS 1493 : 1959 Methods of chemical analysis of iron ores 


IS 1607 : 2013 Methods of test sieving (second revision) 


IS 10823 : 2018 Methods for determination of thermal degradation index (TDI) and 


reduction degradation index (RDI) of iron oxides: lump ores, sinter and 


pellets (second revision) 
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3 SAMPLE PREPARATION 


The raw materials shall be reduced to the size normally applied in industrial plants The iron ore 
lumps shall be crushed to a size below 20 mm in a jaw crusher and the coal to a size below 15 mm 
in a roll crusher. After crushing, the lump ore shall be screened at 6 mm and ore of 5-20 mm 
fraction used for test. The coal shall be screened at 3 mm and the fraction of 3-15 mm used for the 
test. Detail screen analysis for the coal 3-6 mm, 6-10 mm, 10-15 mm and screen analysis of the 
ore at 6-10 mm, 10-15 mm and 15-20 mm shall be reported along with the results. Ore and coal 
shall be chemically analyzed, in accordance with the methods given in IS 1493 and the relevant 
parts of IS 1350. 


4 TEST SIEVES 


Test sieves shall he of the square mesh type and shall conform to the requirements given in IS 460 
(Part 1) or IS 460 (Part 2). As the standard test sieve will become less accurate after period of time, 
the sieve shall therefore be periodically checked according to IS 460 (Part 3) and the correction 
factor shall be determined and applied to the result. 
 


5 TEST EQUIPMENT 


5.1 Rotary Tube  


The laboratory type rotary tube consists of a heat resistant steel. tube with an inside diameter of 
150 mm and a reaction zone length of 650 mm. Its total length shall be 1 450 mm. The rotary tube 
tapers on its both ends to 90 mm inside diameter. The rotary tube is provided with arrangement of 
rotating it at a variable speed of 3-27 rev/min (normally operated at constant speed of 8 rpm) and 
admitting inert gas during the cooling period. 


5.2 Furnace  


The furnace shall be heated electrically having the heating elements in the spiral form, inserted in 
the refractory lining of the heating chamber. The external dimension of the heating chamber and 
furnace shall be as follows: 


Furnace width, approx   1 200 mm 


Furnace height, approx   1 400 mm 


Total length, approx   2 870 mm 


Supply voltage 415 V 50 Hz 


Power     20 kW 


Maximum current    28 A 


Maximum operating temperature   1 150°C 


5.2.1 Both front sides of the furnace shall have a gas tight sealing. For charging and discharging 
of the sample, the stationary head of the inlet side shall be equipped with a rubber gasket. A 
thermocouple shall be provided at the center of the reaction zone through the sealing flange and 
shall be connected with a temperature controller to control the temperature in the rotary tube. 


5.3 A typical test equipment has been given in Fig. 1, for illustration. 


6 TEST PROCEDURE 


6.1 Test Conditions  
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The test condition shall be as follows: 


a) Kiln Charge  


Mass of ore 1 000 g 


Ore size 5-20 mm 


Reductant Coal to be tested 


Coal size 3-15 mm 


Fixed C/Fe ratio 0.5 ( This ratio shall determine the mass of the 


coal to be charged ) 


 


b) Kiln Conditions  


Temperature of kiln at start of 


test 


Room temperature 


Reduction temperature 1 000 ± 10°C 


Heat-up time for reduction 


temperature 


120 minutes, Max ( recommended rate 


10°C/min ) 


Reduction time 180 minutes 


Kiln speed 8 rev/min 


Kiln atmosphere Nitrogen gas 


6.2 Procedure  


Place the cold tube with the sample in the furnace at room temperature and start rotating it at 8 


rev/min. Switch on the furnace and raise the temperature of the sample at the rate of 10°C per 


minute to the predetermined temperature (1 000°C) under a neutral atmosphere by passing nitrogen 


at 3 litres / minutes. Maintain this temperature for a defined period of reduction time (180 minutes). 


6.2.1 After the required retention time (180 minutes), cool the sample with nitrogen to 300°C in 


the furnace, continue rotating at 8 rev/min. For further cooling to room temperature, the tube shall 


be taken out of the furnace or retained in the furnace. 


6.2.2 After the sample cools down to room temperature, it shall be subjected to magnetic 


separation. The magnetics and the non-magnetics shall be screened according to IS 1607, and their 


respective mass determined. 


7 TEST REPORT 


The test report shall contain the following informations: 


a) Screen analysis of feed ore and coal, 


b) Screen analysis of magnetics and non-magnetics, 


c) Grain size wise metallization and chemical analysis of the product —1 mm and —3 mm 


fraction must be reported, and 


d) Reduction degradation behaviour of magnetic product. 
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7.1.1 The reduction degradation of ore, suitable for sponge iron manufacture should be minimum. 


The criterion for the ore degradation is the proportion of 1 mm in the reduce product in accordance 


with IS 10823. 


 


 
 


FIG. 1 LABORATORY ROTARY FURNACE 
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NATIONAL FOREWORD

This draft standard which is identical to ISO 8371 : 2015 ‘Iron Ores for Blast Furnace Feedstocks — Determination of the Decrepitation Index’ issued by the International Organization for Standardization (ISO), and subject to its finalization is to be adopted by the Bureau of Indian Standards on the recommendation of the Ores and Feedstock for Iron and Steel Industry Sectional committee, MTD 13 and approval of the Metallurgical Engineering Division Council.

This standard has been undertaken to align with the latest version of ISO 8371 : 2015 to harmonize it with the latest developments that have taken place at international level.

This fourth edition cancels and replaces the third edition (ISO 8371:2015) bringing clarification to the test procedure. 

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:

		International Standard

		Corresponding Indian Standard

		Degree of Equivalence



		ISO 3082 : 2017 Iron ores — Sampling and sample preparation procedures

		IS 9101 : 1979 Methods of sampling iron ore pellets

		Not equivalent              





		ISO 3310-1 : Test sieves — Technical requirements and testing — Part 1: Test sieves of metal wire cloth

		IS 460 (Part 1) : 2020  Test Sieves — Specification Part 1 Wire Cloth Test Sieves ( fourth revision )

		Not equivalent



		ISO 3310-2 : 2013 Test sieves — Technical requirements and testing — Part 2: Test sieves of perforated metal plate

		IS 460 (Part 2) : 2020 Test Sieves — Specification Part 2 Perforated Plate Test Sieves ( fourth revision )

		Not equivalent





The technical committee has reviewed the provisions of the following International Standard, referred in this adopted standard and has decided that it is acceptable for use in conjunction with this standard:



		International Standard

		Title



		ISO 11323 : 2010

		Iron ore and direct reduced iron — Vocabulary







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

The Scope of the standard is as follows:

SCOPE

[bookmark: _GoBack]This International Standard specifies a method to provide a relative measure for evaluating the degree of size degradation caused by rapid heating of iron ores. It specifies the determination of the decrepitation index.

This International Standard is applicable to lump ores for blast furnace feedstocks.



		The complete document/text of ISO 8371 : 2015  ‘Iron Ores for Blast Furnace Feedstocks — Determination of the Decrepitation Index’ may be made available, on request to:
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मानक भवन, नई दिल्ली/ Manak Bhavan, 9, B.S.Z. Marg,

New Delhi-110002
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FOREWORD 

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

This standard was first published in 1985 and subsequently revised in 2000. This revision (First 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 additional following change have been made;

a) In clause 2, Reference clause has been updated;

b) In clause 3, Editorial change has been made;

c) In clause 4, Editorial change has been made;

d) In clause 5.3, Return Sinter fines is substituted by Sinter returns

e) In clause 6.2, Return Sinter fines is substituted by Sinter returns

f) In ANNEX A to E, Editorial change has been made in table ;

Pot-grate sinter test is a method by which input and operating parameters for sintering of given raw materials can be established. The test data are useful in design of sinter plants and optimization of e existing plant practices for improving sinter productivity as well as quality. Several procedures exist for sintering on a pot-grate and the purpose of this guideline is to evolve a common test procedure which will facilitate comparison of results obtained by tests done at different laboratories. 

In the revision of the standard, assistance have been drawn from ISO 8263 : 1992 ‘Iron ore fines -Method for presentation of the results of sintering 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 : 1960 ‘Rules for rounding off numerical values (rev&~‘)‘. 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

GUIDELINES FOR LABORATORY POT-GRATE SINTERING TESTS FOR IRON ORE FINES

( First Revision of  IS 11282 )

 1 SCOPE

This standard gives the guidelines for the method for sintering tests in the laboratory using a pot-grate unit and is applicable for sintering of iron ore fines. These guidelines have been formulated to facilitate comparison of test data from various organizations on the same sinter mix. For individual organizations, the parameter may be varied as required.

2 REFERENCES

The following Indian Standards 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 the standards indicated below:

		IS

		Title



		IS 6495 : 2019

		Method of tumbler test for iron oxides : lump ores, sinter and pellets (second revision)



		IS 8167 : 1989

		Method for determination of reducibility index of iron ore oxides, lumps ore, sinter and pillets (first revision)



		IS 10823 : 2018

		Methods for determination of thermal degradation index (TDI) and reduction degradation index (RDI) of iron oxides: lump ores, sinter and pellets (second revision)



		IS 11283 : 1985

		Method for determination of softening point of iron oxides (In Powder Form); lump ore, sinter and pellets



		IS 11292 : 1985

		Method for determination of relative reducibility of iron oxides: lump ores, sinter and pellets



		IS 12550 : 1988

		Methods of determining particle size distribution of iron ore fines





3 TEST SAMPLE 

3.1 The raw materials for test sample for sintering tests shall have the following size ranges:  

Iron ore, iron bearing materials and other materials of -10 mm or (-8 mm if -8 mm classifying fines are used) = 95 percent, min (with a mean size not in excess of 3 mm); 

Fluxes, coke breeze and other additives of -3.2 mm = 90 percent, Min and -1 mm fraction in coke breeze: 75 percent, Max.

3.2 Sinter mix components that is iron ore fines, coke breeze, limestone fines, dolomite fines, sinter returns, and metallurgical waste shall be mixed in dry condition in a mixer by rotating for 2 min. Water is to be added to sinter mix for 1 min duration so that the moisture content of sinter mix attain pre-determined value. After moistening the mixer is to be rotated for 2 min for granulation. 

3.3 In case of double layer charging, only 70 - 80 percent of coke breeze shall be added during initial mixing. After balling half of the mix, it shall be removed and charged into the sinter pot. The balance of coke breeze shall be added to the sinter mix in the mixer and mixer shall be rotated further for 1 min. 

4 APPARATUS 

4.1 The test apparatus consists of a square pot of 400 mm x 400 mm size so that at least 50 -   60 kg of net sinter (+ 6.3 mm) may be produced so that it is sufficient for shatter, tumbler, reducibility, low temperature breaks down, softening tests, chemical analysis, screen analysis, etc. A typical layout is given in Fig. 1. 

4.2 The bed height of sinter should generally be kept at 300 mm (excluding the hearth layer).

4.3 In case ignition is obtained by using a gas flame, the ignition intensity for gaseous fuels shall be 35 MJ/m2, Min and an ignition time of 90 secs shall be allowed. 

4.4 During ignition of the mix, suction may be maintained at 300 mm WG, Min. After ignition either suction below grate say 800 mm is to be kept constant by manipulating leakage in waste gas track or maintaining constant air flow through the bed. 

4.5 The permeability of the sinter bed shall be monitored throughout the experiment. Green permeability of sinter mix is to be measured before ignition at various levels of suction that is, 300, 500, 800 mm WG.

[image: ]

FIG. 1 SCHEMATIC ARRANGEMENT OF LABORATORY POT SINTERING UNIT

4.5.1 The permeability (P) shall be estimated by using the relation 

U = P (S/H) 0.6

Where, 

U is the linear air velocity in m/min at suction S in mm of WG; and 

H is bed height in mm. 

4.5.2 A typically 20 mm square screen should be placed over the pot for charging of green mix and the charge should be uniformly distributed over the screen. 

4.5.3 Hearth layer height and size should be chosen depending on the bed height and commercial practice. 

4.6 The bed temperature and the waste gas temperature below the grate may also be measured continuously. 

4.7 In case the sintering is done under different conditions of pot size, bed height, ignition and suction conditions, the same shall be indicated along with the results. 

5 PROCEDURE 

5.1 This mix shall be transferred carefully in the pot containing about 25 mm thick hearth layer of S-20 mm size sinter to get the desired bed height. The ignition of the top layer of the bed by red hot coke breeze, saw dust and gaseous/liquid fuel flame, shall be started and desired suction achieved in 30 s. 

5.2 The temperature of the waste gases shall be monitored and suction continued till 1 min after the maximum waste gas temperature is achieved. Often during the sintering experiments, two temperature peaks are observed and hence temperature monitoring should be continued up to 5 min after the appearance of the first peak. Sintering time should be taken as the time at which the maximum temperature is recorded. 

5.3 The sinter then shall be allowed to cool to room temperature in the port itself. The sinter cake shall be dislodged after cooling and weighed. The cake shall then be stabilized. Stabilization should be determined depending upon a practice so as to generate similar proportion of return fines as in the plant. The -6.3 mm fraction shall be reported as ‘sinter returns’ and +6.3 mm fraction shall be taken for various physical/chemical tests as per the relevant Indian Standards. 

6 REPORTING OF TEST RESULTS 

6.1 All additions shall be reported based on percentage of green ore mix. 

6.2 A minimum of 4 tests shall be conducted under any given set of conditions. Out of these 4 tests at least in two tests, sintering times match within ± l0 percent and sinter returns balance comes within ±5 percent. The average of these two tests should be taken as representative values for all parameters. 

6.3 Sintering conditions and sinter properties shall-be reported as follow: 

a) Pot dimensions;

b) Mix granulometry before mixing and after balling as per the format given in Annex A;

c) Chemical composition of feed, as per format given in Annex B;

d) Moisture content;

e) Sinter mix composition including coke breeze as per format given in Annex C;

f) Ignition condition (time of ignition, ignition intensity, etc);

g) Bed height;

h) Suction;

j) Maximum temperature reached in the bed;

k) Maximum waste gas temperature;

m) Sintering time;

n) Return fines generation;

p) Sinter composition; and

q) Screen analysis of sinter.

6.4 The sinter test data shall be reported as per the format given in Annex D. The tests for various properties indicated in Annex E shall be conducted as per the relevant Indian Standards.




ANNEX A

(Clause 6.3)

CHEMICAL ANALYSIS (DRY BASIS) AND SIZE DISTRIBUTIONS OF THE VARIOUS ORES INCLUDED IN THE ORE MIX

A-l The chemical analysis (dry basis) and size distribution of the various ores included in the ore mix shall be determined as per IS 12550, shall be reported as follows:

		Sl No.

		Mineral Type (Percent)

		Ore

A

		Ore

B

		Ore

C

		Ore

D

		Sinter Mix

		Mill Scale and/or other

		Test Ore



		(1) 

		(2) 

		(3) 

		(4) 

		(5) 

		(6) 

		(7) 

		(8) 

		(9) 



		1. 

		Fe (total)

		

		

		

		

		

		

		



		2. 

		FeO

		

		

		

		

		

		

		



		3. 

		SiO2

		

		

		

		

		

		

		



		4. 

		Al2O3

		

		

		

		

		

		

		



		5. 

		CaO

		

		

		

		

		

		

		



		6. 

		MgO

		

		

		

		

		

		

		



		7. 

		MnO

		

		

		

		

		

		

		



		8. 

		S

		

		

		

		

		

		

		



		9. 

		P

		

		

		

		

		

		

		



		10. 

		Na2O

		

		

		

		

		

		

		



		11. 

		K2O

		

		

		

		

		

		

		



		12. 

		C

		

		

		

		

		

		

		



		13. 

		Loss on ignition

		

		

		

		

		

		

		



		14. 

		Combined Water



		

		

		

		

		

		

		



		Moisture Content







		

		Size Distribution 

		Mass (Percent)



		1. 

		-8.0 mm

		



		2. 

		-8.0 to +5.6 mm

		



		3. 

		-5.6 to +4.0 mm

		



		4. 

		-4.0 to +2.0 mm

		



		5. 

		-2.0 to +1.0 mm

		



		6. 

		-1.0 to +0.5 mm

		



		7. 

		-0.5 to +0.25 mm

		



		8. 

		-0.25 mm to +0.125µm

		



		9. 

		-0.125 µm to +0.063 µm

		



		10. 

		-0.063 µm  

		







Method of size analysis:

Dry sieving






ANNEX B

(Clause 6.3) 

CHEMICAL ANALYSIS (DRY BASIS) AND SIZE DISTRIBUTION OF lRON ORE, FLUXES, FUEL AND RETURN SINTERED FINES

B-l The chemical analysis (dry basis) and size distribution of iron ore, fluxes, fuels and return sintered fines shall be determined as per IS 12550, shall be reported as follows:

		Sl No.

		Mineral Type (Percent)

		Iron Ore

		Coke or Other Fuel

		Limestone

		Dolomite

		Siliceous Material

		Other Fluxes

		Return Sinter Fines

		Steel Plant Waste Material



		(1) 

		(2) 

		(3) 

		(4) 

		(5) 

		(6) 

		(7) 

		(8) 

		(9) 

		(10) 



		1. 

		Fe (total)

		

		

		

		

		

		

		

		



		2. 

		FeO

		

		

		

		

		

		

		

		



		3. 

		SiO2

		

		

		

		

		

		

		

		



		4. 

		Al2O3

		

		

		

		

		

		

		

		



		5. 

		CaO

		

		

		

		

		

		

		

		



		6. 

		MgO

		

		

		

		

		

		

		

		



		7. 

		MnO

		

		

		

		

		

		

		

		



		8. 

		S

		

		

		

		

		

		

		

		



		9. 

		P

		

		

		

		

		

		

		

		



		10. 

		Na2O + K2O

		

		

		

		

		

		

		

		



		11. 

		C

		

		

		

		

		

		

		

		



		12. 

		Ash

		

		

		

		

		

		

		

		



		13. 

		Volatile matter(VM)

		

		

		

		

		

		

		

		



		14. 

		Combined water

		

		

		

		

		

		

		

		



		15. 

		Loss on ignition

		

		

		

		

		

		

		

		



		Moisture  Content







		

		Size Distribution 

		Mass (Percent)



		1. 

		-8.0 mm

		



		2. 

		-8.0 to +5.6 mm

		



		3. 

		-5.6 to +4.0 mm

		



		4. 

		-4.0 to +2.0 mm

		



		5. 

		-2.0 to +1.0 mm

		



		6. 

		-1.0 to +0.5 mm

		



		7. 

		-0.5 to +0.25 mm

		



		8. 

		-0.25 mm to +0.125µm

		



		9. 

		-0.125 µm to +0.063 µm

		



		10. 

		-0.063 µm  

		







Method of size analysis:

Dry sieving



Granulometry of dry mix

Granulometry of green mix 


ANNEX C

(Clause 6.3)

COMPOSITION OF THE SlNTER FEED

C-1 composition of the sinter feed shall be reported as follows:

		Sl No.

		Constitution of Sinter Feed , Dry Basis

		Test 1

		Test 2

		Test 3

		Test 4



		(1) 

		(2) 

		(3) 

		(4) 

		(5) 

		(6) 



		1. 

		Ore mix

		

		

		

		



		2. 

		Return sintered fines

		

		

		

		



		3. 

		Siliceous material

		

		

		

		



		4. 

		Limestone

		

		

		

		



		5. 

		Dolomite

		

		

		

		



		6. 

		Other fluxes (if any)

		

		

		

		



		7. 

		Coke (or alternate fuel)

		

		

		

		



		8. 

		Other additions (if any)

		

		

		

		










ANNEX D

(Clause 6.4)

SINTERINC TEST DATA SHEET

D-1 The sintering test data shall be reported as follows:

		Sl. No.

		Item

		Test 1

		Test 2

		Test 3

		Test 4



		(1) 

		(2) 

		(3) 

		(4) 

		(5) 

		(6) 



		a) 

		Sinter to be charged

1. Mass of hearth layer, M2 (kg)

2. Mass of sinter feed charged wet (kg)

3. Moisture content of feed (percent)

4. Percent moisture content for maximum permeability

5. Bulk density of feed wet (t/m3)

		

		

		

		



		b) 

		Condition of Sinter Test

1. Mixing time — 1st stage (min)

    — 2nd stage (min)

2. Pot-grate area, (m2) (A)

3. Height of hearth layer (mm)

4. Net bed height (mm)

5. Suction (mm WC) — During ignition

                                   — During sintering

6. Ignition time (min)

7. Cooled - In sinter pot

                 - Discharged hot

8. Sinter stabilization treatment

— Tumble: No. of revolutions

                 : Drum size length (mm) x dia (mm)

— Shatter: No. of drops

                 : Height dropped (mm)

9. Sieving aperture size for separating return sintered fines (mm)

10. Ignition intensity (mcal/m2/mm)

11. Ignition temperature (°C)

		

		

		

		



		c) 

		Sintering Test Results

		

		

		

		



		

		1. Productivity (tons/m2/h)

		

		

		

		



		

		2. Coke consumption (kg/ton) of sinter or (kg/ton) contained Fe in sinter

		

		

		

		



		

		3. Sinter return balance B

		

		

		

		



		

		4. Sinter returns (percentage)

		

		

		

		



		

		5. Percent Yield

		

		

		

		



		NOTES

1. Productivity , is calculated from the equation



 

Productivity may also be reported in terms of tonnes of iron contained in Sinter of acceptable size per Square metre per hour, to reflect changes in the grade of 

the Sinter product. 

The productivity, in tonnes of iron in Sinter per Square metre per hour, is calculated from the equation



2. Coke consumption (C) is calculated [in terms of kg/ton of sinter (or) kg/ton contained Fe in sinter] using the formula given below:

0

3. The return sintered fines balance B is calculated from the equation



In a Sinter pot test, this is normally maintained within limits of 1 + 0.05, for results to be representative of actual practice.



4. The percentage of return sintered fines F may also be recorded, and is calculated from the equation 



5. The yield Y, as a percentage by mass, is calculated from the equation:



Where, 

= Mass of sinter produced of acceptable size, (Kg)

= Mass of the hearth layer, (kg)

= Dry mass of solid fuel/coke in the Sinter mix consumed, (kg)

= Mass of sinter cake produced, (kg)

= Mass of sinter returns charged (input), (kg)

= Mass of undersize sinter returns produced (output), (kg)

t = Sintering time, t (in hours) 










ANNEX E

(Clause 6.4)

SlNTER QUALITY DATA

E-l The sinter quality data shall be reported as follows:

		Sl. No.

		Item

		Test 1

		Test 2

		Test 3

		Test 4



		(1) 

		(2) 

		(3) 

		(4) 

		(5) 

		(6) 



		1. 

		Tumble strength +6.3 mm

(As per IS 6495)

		

		

		

		



		2. 

		Reduction degradation

(As per IS 10823)

		

		

		

		



		3. 

		Reducibility

(As per IS 8167)

		

		

		

		



		4. 

		Relative reducibility

(As per IS 11292)

		

		

		

		



		5. 

		Softening tests

(As per IS 11283)

		

		

		

		



		6. 

		Chemical analysis of Sinter Product, percent

		

		

		

		



		7. 

		Fe (total)

		

		

		

		



		8. 

		FeO

		

		

		

		



		9. 

		SiO2

		

		

		

		



		10. 

		Al2O3

		

		

		

		



		11. 

		CaO

		

		

		

		



		12. 

		MgO

		

		

		

		



		13. 

		MnO

		

		

		

		



		14. 

		S

		

		

		

		



		15. 

		P

		

		

		

		



		16. 

		Na2 + K2O

		

		

		

		



		17. 

		Loss on ignition

		

		

		

		



		18. 

		Basicity:

CaO/SiO2

or



		

		

		

		



		19. 

		Sieve Analysis, percent

+ 40 mm

+ 25 mm

+ l5 mm

+ 10 mm

+ 5 mm

- 5 mm

		

		

		

		



		20. 

		Sinter return consumption (kg/t of sinter)
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