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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO
member bodies). The work of preparing International Standards is normally carried out through ISO technical
committees. Each member body interested in a subject for which a technical committee has been established has
the right to be represented on that committee. International organizations, governmental and non-governmental, in
liaison with ISO, also take part in the work. ISO collaborates closely with the International Electrotechnical

Commissi

n (IEC) on all matters of electrotechnical standardization
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reduction
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Annex A f

national Standards adopted by the technical committees are circulated to the member-badig
h as an International Standard requires approval by at least 75 % of the member bodies.castir

phal Standard 1SO 4696-2 was prepared by Technical Committee ISO/TC 102,-Yron ores, S
sical testing.

with part 1, this part of ISO 4696 cancels and replaces ISO 4696:1984, which has bee
consists of the following parts, under the general title /ron<eres — Static test for low
disintegration:

. Reaction with CO, CO, and H,
: Reaction with CO

prms an integral part of this part of ISO 4696.

s for voting.
g a vote.
lbcommittee

n technically

rtemperature
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Introduction

This part of ISO 4696 describes a test method for evaluating the disintegration behaviour of iron ores reduced in a
fixed bed under specific conditions. The specific features of this test are:

a) isothermal reduction in a fixed bed at 550 °C;
b) tumbling the reduced sample at room temperature;
C) megsurement of the disintegration of a test portion by sieving after tumbling.

The results ¢f this test should be considered in conjunction with the results of other tests, particdlarly thosg showing
the physical pehaviour of materials during reduction.

ISO 4696-1 fescribes an alternative method adopting different test conditions.
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Iron ores — Static test for low-temperature reduction-
disintegration —

Part 2:
Reactjon with CO
WARNING — This part of ISO 4696 may involve hazardous materials, operations or equipment. It do

purport to
of this p
applicabil
1 Scop

This part

a test porfion that has been reduced in a fixed bed at a temperature ‘0f'550 °C.

The meth

2 Norm

The following standards contain provisions which;-through reference in this text, constitute provisions ¢

ISO 4696
parties to

most recgnt editions of the standards indicated below. Members of IEC and ISO maintain registers of ¢

Internatio

ISO 3082

ISO 3310

ISO 3310

3 Princ1ple

address all the safety problems, if any, associated with its use. It is the responsibitity of the u
art of 1SO 4696 to establish appropriate safety and health practices and’ to determin
ty of any regulatory limitations prior to use.

11”4

Df ISO 4696 specifies a method for testing the disintegration of iron ores by tumbling, at room

hd is applicable to natural iron ores and to iron ore agglomerates such as pellets or sinter.
gtive references

At the time of publication, the editions indicated were valid. All standards are subject to
agreements based on this part of ISO 4696 are encouraged to investigate the possibility of

hal Standards.

1998, Iron ores — Sampling and sample preparation procedures.
1:.— D), Test sieves — Requirements and tests — Part 1: Metal wire cloth sieves.

2:— 2), Test sieves — Requirements and tests — Part 2: Perforated metal plate sieves.

bS not
ser
e the

[emperature,

f this part of
evision, and
applying the
Lirrently valid

A test portion with a specified size range is subjected to static reduction at a temperature of 550 °C using reducing
gas consisting of carbon monoxide (CO) and nitrogen (N,).

After 30 min reduction time, the test portion is cooled to a temperature below 100 °C and tumbled by using a small
tumbler drum for 900 revolutions in total. It is then sieved with a test sieve having square mesh apertures of 2,8 mm.

1) To be published. (Revision of ISO 3310-1:1990)
2) To be published. (Revision of ISO 3310-2:1990)
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The reduction-disintegration index (RDI-2_, ;) is calculated as a quantitative measure of the degree of disintegration
of an iron ore that has been reduced and then tumbled: the percentage by mass of material less than 2,8 mm is
related to the total mass of the test portion after reduction and before tumbling.

4 Apparatus

The apparatus shall consist of the following:

a system to supply and regulate the gases;

a redd
an ele
atum
test si
a weig

4.1 Reduct
The diamete

Figure 1 sho

The test por
order to ens

4.2 Furnac

ction tube;

ctrically heated furnace to heat the sample to the specified temperature;
pler drum;

pves;

hing device.

on tube, made of non-scaling, heat-resisting metal to withstand’a temperature of greater tha
r of the sample bed shall be 75 mm £1 mm.

ws an example of such a reduction tube.

tion may be placed on a perforated plate or, if desired; on balls of alumina on the perforate
ire a uniform flow of gas through the test portion.

b, having a heating capacity sufficient to maintain the entire test portion and the gas entering

550 °C, and|being equipped with a heating element suitable for the specified temperature.

4.3 Tumblgr drum, consisting of a vessel having-an internal diameter of 130 mm and an inside length of
Two equally|spaced steel lifters 200 mm long; 20 mm wide and 2 mm thick shall be mounted longitudin
the drum. These may be mounted on a ffame that can be inserted inside the vessel from one end.

One end of the vessel shall be closed-and the other open. A close-fitting lid shall be held in place on the
ensure a dusgt-tight seal.

Figure 2 shgws an example of such a tumbler drum.

4.4 Test sigves, having square mesh apertures of the following nominal sizes in accordance with 1SO
ISO 3310-2:

22,4 mn

n20,0 mm; 16,0 mm; 12,5 mm; 10,0 mm; 2,8 mm.

\n 600 °C.

d plate, in

the bed at

200 mm.

ally inside

bpening to

3310-1 or

4.5 Weighing device, of adequate load capacity and accurate to 0,1 g.
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Dimensions in millimetres

155
B=

® 25

30

30

® 20

75

800

Perforated plate

Hole digmeter: 2,5 mm
Pitch between holes: 4 mm
Number of holes: 241
Total hole area: 1180 mm?
Thickness of plate: 4 mm

NOTE — The dimensions not specified in clause 4 are shown for information only.

Figure 1 — Example of reduction tube
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Vessel
Lid
Clamps

5 Testco

Gas volume
atmospheric

©1SO

Dimensions in millimetres

ﬁ\
2
2
st
[
1 b 3
4 _Frame with lifters
Lifters: 20 mm wide by 2 mm thick
Material: plain carbon steel
Figure 2 — Example of tumbler drum
nditions

s and flow rates used in-this part of ISO 4696 are as measured at a temperature of 0
pressure (101,325 kPa). 3

The reducin

5.1 CompIsition of reducing gas

CoO

N

2

gas shall consist of:
30 %(VIV) £ 0,5 % (VIV);

70 % (VIV) £ 0,5 % (VIV).

Impurities in
Total i

H

2

the reducing gas shall not exceed:
mpurities 0,1 % (VIV);

0,01 % (VIV).

5.2 Flow rate of reducing gas

The reducing-gas flow rate shall, during the test period, be maintained at 15 I/min + 0,5 I/min.

3) 1 mmHg = 0,133 3 kPa; 1 atm =0,101 325 MPa.

C and at
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perature of test

The reducing gas shall be preheated before entering the test portion to maintain the test portion at 550 °C £+ 10 °C

during the

entire test period.

6 Sampling and sample preparation

The samp

The test

le and test sample shall be taken in accordance with 1ISO 3082 4).

mple shall be oven-dried at 105 °C + 5 °C for at least 2 h and cooled to room temperature b

fore testing.

The total mass of the test sample shall be approximately 2 kg on a dry basis, being prepared as follows

a) S
The test s

Screen th

zed ore or sinter
ample in the size range of 16,0 mm to 20,0 mm shall be prepared as follows:

e sample on a 20,0 mm sieve and carefully crush the +20,0 mm material until it all passes

sieve. Combine all the fractions and remove, by sieving, the +20,0 mm and —16,0_mm material from the

b) P

The test s
taken at r

7 Procs

7.1 Num

Carry out
7.2 Test
Weigh, to
shall be o
specified

7.3 Red

Place the
tube. The

Replace t

bllets

ample in the size range of 10,0 mm to 12,5 mm shall be obtained by sieving and, after sieving
hndom, for example by riffling, shall be used for the test.

dure

ber of determinations

the test at least in duplicate on each testsample.

portion

the nearest 0,1 g, approximately 500 g (£ the mass of 1 particle) of the test sample. The
btained from the test sample either by means of riffle divider or by the manual increment-div

n ISO 3082.

ction

N insert.thereduction tube into the furnace (4.2).

he-air In the tube with inert gas. Heat the test portion and, while heating, pass a flow of inert

the 22,4 mm
sample.

, only pellets

fest portions
sion method

test portieny(7.2) in the reduction tube (4.1) so that the surface is even. Close the top of the reduction

gas through

the test p

briion at a flow rate of npprnvimnfnly 15 Umin_Caontinue the hnnfing’ while pnccing inert gas,

until the test

portion reaches the test temperature of 550 °C.

Unless the characteristics of the furnace and thermocouple are very well known, allow a period of at least 15 min for
temperature equilibration at 550 °C.

4) 1SO 10836:1994, Iron ores — Method of sampling and sample preparation for physical testing, will be revised to specify the
procedures of sampling and sample preparation for this part of ISO 4696.
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CAUTION — Carbon monoxide and the reducing gas which contains carbon monoxide are toxic and
therefore hazardous. The reduction shall be carried out in a well ventilated area or under a hood.
Precautions, in accordance with the safety codes of each country, shall be taken for the safety of the

operator.

Introduce the reducing gas (see 5.1) at a flow rate of 15 I/min to replace the inert gas and to reduce the test portion.
Continue the reduction with the reducing gas for 30 min.

After 30 min reduction time, stop the flow of the reducing gas and cool the test portion to a temperature below
100 °C in the reduction tube under a flow of inert gas.

7.4 Tumbl

Remove the
drum (4.3). F

Remove all
and record t
to be —=2,8 m

NOTE — Equivalent mechanical sieving may be used provided that preliminary:tests give similar resul

sieving withi

8 EXpress

The reductid
equation:

RDI- 2]

where

m, is th

m, is th

Repeatability

9 Test rej

The test rep

Ng and sieving

Fasten the lid tightly and rotate the drum for a total of 900 revolutions at a rate of 30 rev/min +

material from the drum, determine the mass and hand sieve with care on a 2;8)mm sieve.
ne mass retained on the sieve (mass m,). Material lost during tumbling and Sieving shall be
m.

N the permissible tolerance of 2 % absolute.

ion of results
n-disintegration index, RDI-2_, ;, expressed as a pefrcentage by mass, is calculated from the

my
=100-——=x100
2,8 mq

e mass, in grams, of test partion after reduction and before tumbling;

e mass, in grams, of oyversize fraction retained on the 2,8 mm sieve.

, humber of tests-amd calculation of the final test result are as specified in annex A.

hort

pri.Shall include the following information:

test portion carefully from the reduction tube, determine the mass (mass m,) and placg"ivin tfie tumbler

1 rev/min.
Determine

onsidered

s to hand

following

a)
b)
<)
d)

all det

e)

f)

the result of the test, i.e. the reduction-disintegration index, RDI-2

a reference to this part of ISO 4696;

ails necessary for identification of the sample;

the total mass of the material inserted into the tumbler drum and taken from the tumbler drum;
the sieving conditions, e.g. the method of sieving and the sieving time;

the reducing-gas composition used;

—2,87

expressed to one decimal place;
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9)

h)

)
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details of any operation and any test conditions not specified in this part of ISO 4696 or regarded as optional,
as well as any incident which may have had an influence on the results;

the name and address of the test laboratory;
the signature of the person responsible for the test;

the date of the test.

10 Verification

Regular ghecking of apparatus and procedures is essential to ensure repeatable results. Checks_shall be carried
out at regplar intervals. The frequency of checking is a matter for each laboratory to determine.)The following items
shall be checked:
O Test pample preparation
O gieves
O weighing device
O Reddction apparatus
O duction tube
0 Ist temperature
O gas composition
O gas flow rate
g fmer
O Tumbler
O tumbler drum
O gpeed of rotation
O revolution counter
O lffters
0 testsieve
O Wweighing-device
It is reco

Appropriate records of verification activities shall be maintained.
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