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Introduction

This part of ISO 4696 describes a test method for eka!uating the
disintegration behaviour of iron ores under specific copditions relevant to

the low-temperature zone in the blast furnace for ironmaking.

It describes a test method for evaluating the disintegration| behaviour of

iron ore under specific conditions. The specific.conditions are

— atest sample having a specified sjz& range;

— a specified test sample mass;

— isothermal reduction;

— reduction in a fixed bed;

— reduction with a specified gas composition and flow;

— tumbling in a drum having specified dimensions.

The results of this test should be considered in conjunction with the

results of other‘reduction tests, e.g. 1ISO 4695, ISO 4698

hnd ISO 7215

(see annexB), particularly those conducted at high temperatyres.

ISO.4696-2 describes an alternative method adopting
cofditions.

Hifferent test
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Iron ores — Static test for low-temperature

reduction=disintegration—

Part 1:
Reactjon with CO, CO, and H,

1 Scope

This parf of ISO 4696 specifies a method for testing the disintegration of iron ores by tumbljng, at room
temperatlre, a test portion that has been reduced in a fixed bed ata temperature of 500 °C.

The method is applicable to sized iron ores and to iron ore agglomerates such as pellets or sinter.

2 Normative references

The folloying standards comtain provisiens. which, through reference in this text, constitute provisiorfs of this part
of ISQ 4G96. At the time: of publicationy; the editions indicated were valid. All standards are subject to|revision, and
parties tg agreements: based on this-part of ISO 4696 are encouraged to investigate the possibility of applying the
most recgnt editions of the standards indicated below. Members of IEC and ISO maintain register$ of currently
valid. Intefnational Standards..

ISO 3081[:19886;, lran: ored ~=Increment sampling — Manual method.

ISO 3083:1986, Iron\ares — Preparation of samples — Manual method.

3 Principle

A test portion with a specified size range is subjected to static reduction at a temperature of 500 °C using reducing
gas consisting of CO, CO,, H, and N,.

After 1 h reduction time, the test portion is cooled to a temperature below 100 °C and tumbled by using a small
tumbler drum for 300 revolutions in total. It is then sieved with test sieves having square mesh apertures of
6,30 mm, 3,15 mm and 500 um.

The reduction-disintegration index (RDI-1) is calculated as a quantitative measure of the degree of disintegration of
an iron ore that has been reduced and then tumbled: the percentage masses of material greater than 6,30 mm,
less than 3,176 mm and less than 500 um, respectively, are related to the total mass of the test portion after
reduction and before tumbling.
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4 Test conditions

Gas volumes and flow rates used in this part of 1SO 4696 are as measured at a temperature of 0°C and at
atmospheric pressure (101,325 kPa) .

4.1 Composition of reducing gas

The reducing gas shall consist of

CO 20 % (V/V) £0,5 % (V/V)
CO, 20 (% (V/V)£0,5 % (V/V)
Hy,  2,0|% (V/V)£05 % (V/V)
N, 58[% (V/V)£05 % (V/V)

4.2 Purity 9f reducing gas

Impurities in the reducing gas shall not exceed

0, 0% (v
H,0 0,2% (V/V)

4.3 Flow rate of reducing gas

The reducing-pas flow rate shall, during the test period, be maintained at 20 I/min £ 1 I/min.

4.4 Tempefrature of test

The reducing|gas shall be preheated before entering the test portion to maintain the test portion at 500 {C £ 5°C
during the entire test period.

5 Apparatus

Figure 1 shows a schematic example of the test apparatus which shall consist of the following:

5.1 Gas squIy system, capable of supplying the gases and regulating gas flow rates.

5.2 Reduction tube, made of non-scaling, heat-resisting metal to withstand a temperature of greater than
600 °C. The diameter of the sample bed shall be 75 mm £ 1 mm.

Figure 2 shows an example of such a reduction tube.

5.3 Electrically heated furnace, having a heating capacity sufficient to maintain the entire test portion and the
gas entering the bed at 500 °C, and being equipped with a heating element suitable for the specified temperature.

1) 1 mmHg = 0,133 3kPa; 1atm =0,101 325 MPa.
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5.4 Tumbler drum, consisting of a vessel having an internal diameter of 130 mm and an inside length of
200 mm.

Two equally spaced steel lifters 200 mm long, 20 mm wide and 2 mm thick shall be mounted longitudinally inside
the drum. These may be mounted on a frame 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 opening to
ensure a dust-tight seal.

Figure 3 shows an example of such a tumbler drum.

5.5 Test sieves, having square mesh apertures of the following nominal sizes:

16,0 mm; 12,5 mm; 10,0 mm; 6,30 mm; 3,15 mm and 500 pm.

5.6 Waeighing device, of adequate load capacity and accurate to 0,1 g.
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Figure 1 — Arrangement of a test unit
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Dimensions in millimetres

procerrosobed

113

0Zo

1 onrean. T,
/
'
‘

P22 2272

Perforated plate

Hole diameter: 2,5 mm

PITCh bETWeen hotes: & mm

Number of holes: 241

SSb

b 008

Total hole area: 1180 mm?
Thickness of plate: 4 mm

NOTE — Dimensions not specified in clause 5 are shown for information only.

Figure 2 — Example of reduction tube (5.2)
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Dimensions in millimetres

200

M
I

S

@ 130

1 Vessel

2 Lid

3 Clamps

4 Frame with lifters

Lifters: 20 mm wide by 2 mm thick
Material{plain carbon steel

Figure 3= Example of tumbler drum (5.4)

6 Preparation of test sample

The test|sample shall be (prepared in accordance with ISO 3083 from the sample for physical testing which has
been taken in accordanée with 1ISO 3081.

The test|sample shall be oven-dried at 105 °C + 5 °C for at least 2 h and cooled to room temperature hefore testing.

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

a) Pellets

The test sample in the size range of 10,0 mm to 12,5 mm, or other sizes as agreed between the parties concerned,
shall be obtained by sieving and, after sieving, only pellets taken at random, for example by riffling, shall be used for
the test.

b) Ore or sinter
The test sample in the size range of 10,0 mm to 12,5 mm shall be prepared as follows:

Screen the sample on a 12,5 mm sieve and carefully crush the +12,5 mm material until it all passes the 16,0 mm
sieve. Combine all the fractions and remove, by sieving, the +12,5 mm and —10,0 mm material from the sample.
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7 Procedure

7.1 Number of tests

Carry out the

7.2 Testp

test at least in duplicate on each test sample. (See annex A.)

ortion

©1S0

Weigh, to the nearest 0,1 g, approximately 500 g (+ 1 particle) of the test sample. This test portion shall be

obtained from-the test sample either by means of a riffle divider or by a manual increment-division metho

7.3 Reduct

Place a doub
(see figure 2)

Place the tes

ion

t portion (7.2) on the porcelain pellets in the reduction tube (5.2)4and level the surface.

thermocouplg (see figure 1) in the centre of the test portion. Close the top of the reduction tube. Then

reduction tub
accuracy (5.6

NOTE — The U

Replace the 3

the test porti

portion reach

Unless the characteristics of the furnace and thermegcouple are very well known, allow a period of about 1

temperature

CAUTION —

, ensuring that there is no contact with the furnace or heating elements.
se of a weighing device for continuous monitoring is optional

ir in the tube with inert gas. Heat the test portion and, while heating, pass a flow of inert ga

es the test temperature of 500 °C £ 5 °C.

bquilibration at 500 °C.

Carbon monoxide and the.reducing gas which contains carbon monoxide are t

therefore hazardous. The reduction/shall be carried out in a well ventilated area or under

Precautions,

operator.

Introduce the

test portion.

After 1 h red
in the reducti

Continue the reduction with the reducing gas for 1 h.

on tubeunder a flow of inert gas.

e-layer bed of porcelain pellets, having a size range of 10,0 mm to 12,5 mmCon the perfora

e into the furnace (5.3) and, if desired, attach it to the weighing device of appropriate cap

bn at a flow rate of approximately 20 I/min. Continue the heating, while passing inert gas, unt

in accordance with the,safety codes of each country, shall be taken for the safet

reducing gas (sée)d.1) at a flow rate of 20 I/min £ 1 I/min to replace the inert gas and to rd

iction timie,) stop the flow of the reducing gas and cool the test portion to a temperature belg

ted plate

Place the
nsert the
acity and

5 through

| the test

5 min for

pxic and
a hood.
y of the

tduce the

w 100 °C

7.4 Tumbling

Remove the test portion carefully from the reduction tube, determine the mass (mg) and place it in the tumbler
drum (5.4). Fasten the lid tightly and rotate the drum for a total of 300 revolutions at a rate of 30 rev/min

+ 1 rev/min.

Remove all material from the drum, determine the mass and hand sieve with care on 6,30 mm, 3,15 mm and
500 um sieves. Determine and record the mass of each fraction retained on the 6,30 mm (m;), 3,15 mm (m,) and
500 pum (mg) sieve. Material lost during tumbling and sieving shall be considered to be less than 500 um.

NOTE — Equivalent mechanical sieving may be used provided that preliminary tests give similar results to hand sieving within

the permissibl

e tolerance of 2 % (m/m).
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8 Expression of results

The reduction-disintegration index RDI-1, expressed as a percentage by mass, is calculated from the following
eguations:
RDI-1, 3 = —1 x 100
' 0
mn_(m1+mo) I
RDI-1_3q5 = —2——1—2 %100
' m
0
I, £ }
_ 0 \l"«.i - IIL2 - Ilbgl
RDI{1_¢5 = p x 100
0
where

mg s the mass, in grams, of the test portion after reduction and before tumbling;
my [is the mass, in grams, of the oversize fraction retained on the 6,30 mm sieve;
m, [is the mass, in grams, of the oversize fraction retained on the 3,15 mntsieve;

m3 [is the mass, in grams, of the oversize fraction retained on the 500 um sieve.

Repeatability and number of tests are given in annex A.

9 Test report

The test [report shall include the following information:

a) areference to this part of ISO 4696;

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

c) the $ieving conditions, e.g. the Method of sieving and the sieving time;

d) the fotal mass of the material inserted into the tumbler drum and taken from the tumbler drum;
e) the fesults of the test,.hé~the reduction-disintegration indices expressed to one decimal place;

f)  detdils of any operation and any test conditions not specified in this part of ISO 4696 or regardgqd as optional,
as Well as any incident which may have had an influence on the results.



https://standardsiso.com/api/?name=efd923a6d8e5cbd667fc08c3c3b69135

ISO 4696-1:1996(E)

The computa

Annex A
(normative)

Repeatability and number of tests

Table A.1 — Mean value of RDI-1 and range

e I
% (mfim) A | 8 | ¢
100 0 0 0
95 1.0 1.2 73
90 2,0 2.4 2,6
85 3,0 3,6 3,9
80 4,0 48 5,2
75 40 48 5,2
50 4,0 48 5,2
25 4,0 4,8 5,2
20 40 48 5,2
15 30 3,6 3.9
10 2,0 2.4 2,6
5 1,0 12 13
0 0 0 0

ion of the final results is cafried out as described in the flow diagram in figure A.1.

© SO
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