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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 Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

This document concerns one of a number of physical test methods that have been developed to
measure various physical parameters and to evaluate the behaviour of iron ores, including reducibility,
disintegration, crushing strength, apparent density, etc. This method was developed to provide a
uniform procedure, validated by collaborative testing, to facilitate comparisons of tests made in
different laboratories.

The results of this test have to be considered in conjunction with other tests used to evaluate the quality
of iron ores as feedstocks for direct reduction processes.

This
basi{

document can be used to provide test results as part of a production quality control
of a contract, or as part of a research project.

Ssystem, as a
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INTERNATIONAL STANDARD ISO 11257:2022(E)

Iron ores for shaft direct-reduction feedstocks —
Determination of the low-temperature reduction-
disintegration index and degree of metallization

CAUTION — This document can involve hazardous operations and equipment. document does

not purport to address all of the safety issues assoc1ated with its use. It is the respon51blllty of

the ys : d determine
the g ppllcablllty of regulatory llmltatlons prlor to 1ts use.

1 $cope

This|document specifies a method to provide a relative measure for evaluating the degree of size
degrpdation and degree of metallization of iron ores, when reduced under-conditions resembling those
previailing in shaft direct-reduction processes.

This[document is applicable to lump ores and hot-bonded pellets.

2 Normative references

The following documents are referred to in the text in, such a way that some or all of their content
consfitutes requirements of this document. For datéd references, only the edition cited |applies. For
unddted references, the latest edition of the referenced document (including any amendments) applies.
ISO 2597-1, Iron ores — Determination of total>iron content — Part 1: Titrimetric method| after tin(Il)
chlotfide reduction

ISO R597-2, Iron ores — Determingtion’ of total iron content — Part 2: Titrimetric methods after
titanjum(lll) chloride reduction

ISO 3082, Iron ores — Sampling-and sample preparation procedures

ISO 3310-1, Test sieves — Technical requirements and testing — Part 1: Test sieves of metal wire cloth

ISO 3310-2, Test sieves =~ Technical requirements and testing — Part 2: Test sieves of perforated metal
plate

ISO 3416, Directreduced iron — Determination of metallic iron — Bromine-methanol titrimetric method
ISO 16878, Ixon ores — Determination of metallic iron content — Iron(lll) chloride titrimetriq method

ISO 11323, Iron ore and direct reduced iron — Vocabulary

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 11323 apply.

[SO and IEC maintain terminology databases for use in standardization at the following addresses:

— 1
|
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4 Principle

The test portion is isothermally reduced in a rotating tube bed, at 760 °C, using a reducing gas
consisting of H,, CO, CO, and CH,, for 300 min. The reduced product is sieved with a sieve having square
openings of 3,15 mm. Then, it is analysed for total iron and metallic iron. The reduction-disintegration
index is calculated as the mass percentage of material less than 3,15 mm. The degree of metallization is
calculated from the chemical analysis results.

5 Sampl

ing, sample preparation, and preparation of test portions

5.1 Samp
Sampling of]
The size ran
The size ran
A test samp

Oven-dry tH
preparation

NOTE Cq

becomes less|

Collect each

NOTE M
test portions.

At least foun
the test sam

Weigh the t
label.

6 Appar

The usual la

ling and sample preparation
a lot and preparation of a test sample shall be in accordance with ISO 3082.
ges for pellets shall be 50 % - 16,0 mm + 12,5 mm and 50 % - 12,5 mm + 1040 mm.
ges for lump ores shall be 50 % - 20,0 mm + 16,0 mm and 50 % - 16,0 mim + 10,0 mm.
e of at least 2,0 kg, on a dry basis, of the sized material shall be obtained.
e test sample to constant mass at 105 °C £ 5 °C and cool jt te’room temperature bgefore
of the test portions.
nstant mass is achieved when the difference in mass between two subsequent measurements
than 0,05 % of the initial mass of the test sample.
5.2 Preparation of test portion
test portion by taking ore particles at random.
hnual methods of division recommended iSO 3082, such as riffling, can be applied to obtajn the
test portions, each of approximately 500 g (+the mass of 1 particle), shall be prepared from
ple.
pst portions to the nearest 1 g and register the mass of each test portion on its recipjent
atus
boratoryapparatus and, in particular, the following shall be used.
ry\laboratory equipment, such as an oven, hand tools, time-control device and safety

6.1 Ordi
equipment.

6.2 Reduction tube, without lifters, made of non-scaling, heat-resistant metal to withstand
temperatures higher than 760 °C and resistant to deformation.

The internal diameter shall be 130 mm + 1 mm and its internal length shall be 200 mm. A dust collector
shall be connected to the tube to trap any fine particles carried in the gas stream out of the tube during the

test.

6.3

Furnace, having a heating capacity and temperature control able to reach the test temperature

within 90 min and to maintain the entire test portion, as well as the gas entering the bed, at 760 °C £ 5 °C.

6.4 Rotation equipment, capable of rotation the reduction tube at a constant rate of 10 r/min

1 r/min.

2
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6.5 Gas-supply system, capable of supplying the gases and regulating gas flow rates.

6.6 Testsieves, conforming to ISO 3310-1 or ISO 3310-2 and having mesh apertures of the following
nominal sizes: 10,0 mm and 3,15 mm.

6.7 Weighing device, capable of weighing the test sample and test portions to an accuracy of 0,1 g.

Figure 1 shows an example of the test apparatus.

| |
LI

Key
Reduction tube Furnace
1 1eduction tube 7  electrically heated furnace
2 dasinlet 8 thermocouple for temperature regulatipn of furnace
3 dust collector 9 rotation equipment (electric motor)
4  gasoutlet 10 tube-support wheels
5 ermocouple for measuring the reduction Gas supply system
temperature tt—pgascytinders
6 testportion 12 gas flow meters

13 mixing vessel

Figure 1 — Example of test apparatus (schematic diagram)

©1S0 2022 - All rights reserved 3
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7 Test conditions

7.1 General

Volumes and flow rates of gases used are as measured at a reference temperature of 0 °C and at a

reference at

7.2 Redu

mospheric pressure of 101,325 kPa (1,013 25 bar).

cing gas

7.2.1 Composition

The reducinlg gas shall consist of the following:

co

Cco,

H,

CH,
7.2.2 Pur
Impurities i

02

H,0
7.2.3 Floy

The flow r
13 1/min *

7.3 Heati

Nitrogen (N
fraction).

36,0 % * 1,0 % (volume fraction)

5,0 % + 1,0 % (volume fraction)

55,0 % + 1,0 % (volume fraction)

4,0 % + 1,0 % (volume fraction)

jty

h the reducing gas shall not exceed the following:

0,1 % (volume fraction)

0,2 % (volume fraction)

v rate

,51/min.

ng and cooling gas

b) shall be used as(the heating and cooling gas. Impurities shall not exceed 0,1 % (vo

pte of the reducing gas, during"the entire reducing period, shall be maintaingd at

lume

The flow rate of N, shall'bé maintained at 10 1/min until the test portion reaches 760 °C and at 13 lj/min

during temp

7.4 Temp

erature-equilibration period. During cooling, it shall be maintained at 10 1/min.

erature of the test portion

The temperature of the entire test portion shall be maintained at 760 °C + 5 °C during the entire
reducing period and, as such, the reducing gas shall be preheated before entering the test portion.

8 Procedure

8.1 Number of determinations for the test

Carry out the test as many times as required by the procedure in Annex A.

8.2 Redu

ction

Take, at random, one of the test portions prepared in 5.2 and place it in the reduction tube (6.2).

© IS0 2022 - All rights reserved
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Insert the reduction tube into the furnace (6.3). Close the reduction tube, connect the th

ermocouple,

ensuring that its tip is in the middle of the reduction tube, and connect the gas supply system.

By means of the rotation equipment (6.4), commence rotation of the reduction tube at
1 r/min.

+

10 r/min

Pass a flow of N, through the test portion at a rate of at least 10 I/min and immediately start heating.
The heating rate shall be such that the test portion reaches 760 °C within 90 min. When the temperature
approaches 760 °C, increase the flow rate of N, to 13 I/min and continue heating at 760 °C + 5 °C for

30 min.

d DON IMOoONOX d d A d Alrnon ma
ogen, are toxic and explosive, and therefore hazardous. Testing shall be carr
ventilated area or under a hood. Precautions should be taken for the safety-ofth
g into account the safety codes of each country.

takil

Intrg
redu
test |

duce the reducing gas at a flow rate of 13 I/min * 0,5 1I/min to replace the’N,. After
ction, stop the flow of the reducing gas, stop the rotation of the reduction tube and cool
portion to room temperature under N, at a flow rate of 10 1/min.

8.3 | Sieving
Rem
matg
redu

pve all the material carefully from the reduction tube{sgraping, if necessary, to
rial adhering to the tube wall. Remove from the reduced material any free carbon depo
ction (@ magnet can be used).

Dete
sieved
sievd
sievi

rmine the mass of the reduced material (m,) andhand sieve it with care on 10,0 mm 4
s (6.6). Determine and record the mass of each fraction retained on 10,0 mm (m,) and 3
s to the nearest 0,1 g. The dry mass of dustgtapped in the dust collector, and materia
hg, shall be considered to be part of the -3,15 mm fraction.

NOTH
accor

Equivalent mechanical sieving cantbe used provided that preliminary test programme
ding to ISO 3086, having as reference thé hand sieving method.

Sieving results are influenced by the sieve shaker characteristics. Therefore, in cases in W
morg laboratories need to compare their results for commercial or research purposes,
adjust the sieving conditions-until they obtain identical results for the same test sample.

8.4 | Chemical analysis

Pulv
ISO 4

erise the entife reduced material and determine its total iron content (w,) in acco
597-1 or ISO2597-2, and its metallic iron content (w,) in accordance with ISO 5416 or

noxide and
ed out in a
le operator,

300 min of
the reduced

remove any
sited during

nd 3,15 mm
,15 mm (m,)
| lost during

s carried out

rhich two or
they should

rdance with
[SO 16878.

NOTE1  ISOs16878 is a more environmentally friendly and safer method than ISO 5416, which yises mercury
chlorfde andbromo methanol as reagents.
NOTH2 If desired, the mass percentage of combined carbhon in the reduced test portion can be determined by

applying ISO/TR 9686.

9 Expression of results

9.1 Calculation of the reduction-disintegration index (Dpp)

The reduction-disintegration index, Dpg, expressed as a mass percentage of material less th
is calculated from Formula (1):

_my—(my +my)

Dpg = X100

my

© IS0 2022 - All rights reserved
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where

m, isthe mass, in grams, of the reduced test portion before sieving, including the dust trapped in
the dust collector;

m; isthe mass, in grams, of the fraction of the reduced test portion retained on the 10 mm sieve;

m, isthemass, in grams, of the fraction of the reduced test portion retained on the 3,15 mm sieve.

Record the result to one decimal place.

9.2 Calculation of the degree of metallization (M)

The degree
w
M=-"2
Wi
where

Record the 1

9.3 Repe

Follow the
results shal

bf metallization, M, expressed as a percentage by mass, is calculated from Formula)(2)

<100

is[the total iron content, expressed as a percentage by mass'ef the reduced test portion.

esult to one decimal place.

atability and acceptance of test results

be reported to one decimal place.

Table 1= Repeatability (r)

r
Index
%
Dpr 0,86 + 0,20 Dy
M 7,22-0,06 M

NOTE ]'_)DR and{M “are the mean values of the results of Dpg and M, respectively.

10 Testr

port

The test replort.shall include the following information:

rocedure in Annex A for each index, by usinig the repeatability value given in Table 1

a) areference to this document,i.e. ISO 11257:—;

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;

(2)

is|the metallic iron content, expressed as a percentage by mass, of'the reduced test portion;

The

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

© IS0 2022 - All rights reserved
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