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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

Internation

Draft Inter|

N (TEC)on all matters of electrotechnical standardization.
al Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3

hational Standards adopted by the technical committees are circulated to the mémber bodi

Publication as an International Standard requires approval by at least 75 % of the member bodies casti

Internation
iron, Subc

Annex C f

al Standard ISO 11258 was prepared by Technical Committee ISO/TC 102, Iron ores and d
bmmittee SC 5, Physical testing of direct reduction feedstock and DRI.

brms an integral part of this International Standard. Annexes A and B-are for information only

es for voting.
ng a vote.

irect reduced



https://standardsiso.com/api/?name=5cfa1dfecd5bec96e4888aaeff535f28

ISO 11258:1999(E)

Introduction

©1SO

Direct reduction processes are intended to partially or almost completely reduce iron ores by thermal processes in
order to form high grade feedstocks for iron- and steelmaking. Several kinds of direct reduction process are in
operation worldwide and others are still under development. The behaviour of the iron ores, as feedstock, may vary
from process to process. This International Standard was prepared in order to specifically address direct reduction
by gas reforming processes.

The obtained

The results ¢f this test should be considered in conjunction with the results of other tests{used to e\

quality of iror

reducibility index is a relative measure of the reducibility behaviour, and the degree of metaLIIization is
a relative mefsure of the metallization behaviour of the iron ore.

ores as feedstock for direct reduction processes.

aluate the
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Iron ores — Determination of reducibility and metallization of
feedstock for direct reduction by gas reforming processes

WARNING — This International Standard may involve hazardous materials, operations and equipmen

. This

Internatior
the respo

practices and determine the applicability of regulatory limitations prior to its use.

1 Scope

This Interr]
ore pellets

processes;

2 Norm

The follow
this Interr]
publicatio
investigatq
undated r
maintain r

ISO 25971
reduction.

ISO 3310-

ISO 5416
method.

ISO 9035:
ISO 9507:

ISO 9508:

al Standard does not purport to address all of the safety problems associated with its use,
hsibility of the user of this International Standard to establish appropriate safety and)h

ational Standard describes a test method for evaluating the reducibility @nd metallization beh
and lumps under conditions which resemble the ones prevailing in direct reduction by d

htive references

ng normative documents contain provisions which, through reference in this text, constitute
s do not apply. However, parties to agreements,;based on this International Standard are e

the possibility of applying the most recent-editions of the normative documents indicate
pferences, the latest edition of the normative document referred to applies. Members of
pgisters of currently valid International Standards.

1:1994, Iron ores — Determination-of total iron content — Part 1: Titrimetric methods after tj

1:—1), Test sieves —Redquiréments and tests — Part 1: Metal wire cloth sieves.

1997, Direct reduced iron — Determination of metallic iron content — Bromine-metha

1989, lron arés — Determination of acid-soluble iron (Il) content — Titrimetric method.
1990, fron ores — Determination of total iron content — Titanium (Il) chloride reduction meth

1990, Iron ores — Determination of total iron content — Silver reduction titrimetric method.

It is
palth

aviour of iron
as reforming

provisions of

ational Standard. For dated references, subsequént amendments to, or revisions of, @any of these

ncouraged to
d below. For
SO and IEC

n (Il) chloride

hol titrimetric

ods.

ISO 10836:1994, Iron ores — Method of sampling and sample preparation for physical testing.

ISO 11323:1996, Iron ores — Vocabulary.

1) To be published. (Revision of ISO 3310-1:1990)
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3 Terms and definitions

©1SO

For the purposes of this International Standard the terms and definitions given in ISO 11323 and the following apply.

3.1

degree of reduction
extent to which oxygen has been removed from iron oxides, expressed as the ratio of oxygen removed to oxygen
originally combined with iron, relative to the iron (lll)-state

4 Principl¢

Heating of the test portion in an inert atmosphere.

Isothermal rgduction of the test portion at a specified size range in a fixed bed, at a temperature of 800 9C, using a
reducing gas{ consisting of H,, CO, CO, and N,

Continuous Weighing or intermittent weighing of the test portion at specified time intervals for 90 min reduction in
total.

Cooling of thg test portion in an inert atmosphere.

Calculation df the degree of reduction, after reduction for 90 min, relative(to the iron (lll)-state and the feducibility
index at the ¢xygen:iron ratio of 0,9.

Calculation gf the degree of metallization from the chemical analysis of the reduced test portion or from the final
degree of requction (Ryp).

5 Apparatjs

The apparatys shall consist of the following (Figure~1 and Figure 2 show an example of the arrangement).

5.1 Gas supply system, capable of supplying the gases and regulating the gas flow rates, freely suspgnded and
connected to[the tube in such a way thatweighing is not affected.

5.2 Reductipn tube, made of non-Scaling, heat-resisting metal to withstand temperatures greater than 00 °C and
having an internal diameter of 75‘mm = 1 mm. A perforated plate is mounted inside the reduction tube to gupport the
test portion.

5.3 Weighirlg device, eapable of weighing the reduction tube, including the test portion, to an accuracy pf 1 g.

5.4 Electricglly heated furnace, having a heating capacity and controls sufficient to maintain the [entire test
portion and the gas/éntering the bed at 800 °C = 5 °C.

5.5 Test sieves—cot lfunllillg to1tS6-3316-1—and having sqguare upcningb of-the fu”uvving nominat aperture size:
16 mm; 12,5 mm and 10 mm.
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Figure 1 — Arrangement of a test unit
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Dimensions in millimetres

00000000
00000000
00000000

|

|

i
@15

ANttt s s s

RS
N
N

[ 600000 s s s I I I I I I I I I IIIIII T I T I T T T TG T T T TGN TI T TGS H,

VNI I GGG TGS S GBI GGG GGG S GG TGS EETES

SIS IS E I E I IE TG EEEEEEEEEE GGG E GGG G GGG GGG TGS,

722222222l

/
/
“
/
/
j
/
/
j
/
/
/
“
/
/

V" oy

0€

2,5 mm
4,0 mm

241

G5l 008

NOTE — The [dimensions specified in clause 5 are shown for information only.

Key
1:

Hole diameter

Pitch between holes:
Number of holes:

11,8 cm?2

4 mm

Total hole area:

Thickness of plate:

Figure 2 — Example of reduction tube
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6 Test conditions
6.1 General

Volumes and flow rate of gases used in this International Standard are as measured at a temperature of 0 °C and at
an atmospheric pressure of 101,325 kPa (1,013 25 bar).

6.2 Composition of reducing gas

The reducing gas shall consist of:

0 H, 45 % + 1,0 % (VIV)
0 co 30 % + 1,0 % (V/V)
O  co; 15 % =+ 1,0 % (V/V)
o N, 10 % =+ 1,0 % (V/V)

6.3 Punty of reducing gas

Impurities fin the reducing gas shall not exceed

0 o, 0,1 % (VIV)

0 H,Q 0,2 % (VIV)

6.4 Flow rate of reducing gas

Flow rate ¢f the reducing gas shall, during the test pefiod, be maintained at 50 I/min = 0,5 I/min.
6.5 Purity of heating and cooling gas

Impurities in nitrogen shall not exceed 0,1.%:-(V/V).

6.6 Temperature of test

The test pprtion shall be reducéd at 800 °C + 5 °C.

The reduding gas shall ke)preheated while entering the reduction tube to maintain the temperature within the
reduction jube and hence-the entire test portion at 800 °C * 5 °C, during the entire reduction period.

7 Sampling.and sample preparation

The sampling and the preparation of test samples and test portions shall be in accordance with 1ISO 10836 2).

The test sample shall be oven dried at 105 °C + 5 °C and cooled to room temperature before the preparation of the
test portions.

At least five test portions each of approximately 500 g mass shall be prepared.

Collect each test portion by taking ore particles at random. The target mass of the test portion is 500 g *+ the mass
of one patrticle.

2) 1ISO 10836:1994 does not yet include test sample preparation for this test method. Subclause 7.2.3 of ISO 10836:1994 can
be applied with the sieves adjusted accordingly.
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NOTE
mass as close

as possible to 500 g.

©1SO

If the mass of the test portion deviates from 500 g, either add or remove particles one by one at random to reach a

For example, if the mass of the test portion is 490 g and one more particle has a mass of 25 g, then the choice lies between
490 g and 515 g. The last particle should not be included in the test portion because the lower mass (490 g) is closer to the
target mass (500 g) than the greater mass (515 g).

The size range for pellets shall be 10 mm to 16 mm, being 50 % between 10 mm and 12,5 mm and 50 % between

12,5 mm and

16 mm.

The size range for lumps shall be 10 mm to 20 mm, being 50 % of the mass percentage between 10 mm and
16 mm and 50 % between 16 mm and 20 mm.

8 Procedu
8.1 Numbs
Carry out the
8.2 Other @
Take at rand
total iron con
ISO 9035.
8.3 Test pqg

Take at rang
register its m

re

r of determinations

test in duplicate on one ore sample.
eterminations

om one of the test portions prepared in accordance with clause‘7 and use it for the deterr
tent in accordance with ISO 2597-1, ISO 9507 or ISO 9508 and-the iron (Il) content in accor

rtion

om one of the test portions prepared in accordance with clause 7, weigh it to the neare
ass (Mmy).

8.4 Reduction

Place the test portion in the reduction tube (5.2) and level its surface. In order to achieve a more uniform

two-layer be
plate and the

Close the tof
weighing dey

Pass a flow
When the ter
heating main|
at 800 °C =

WARNING S
carbon mong

of porcelain pellets having a size range of 10 mm to 12,5 mm may be placed between the
test portion.

of the reduction tube. Insert the reduction tube into the furnace (5.4) and suspend it central
ice (5.3), ensuring that.there is no contact with the furnace or heating elements.

Df nitrogen through-the reduction tube at a flowrate of approximately 25 I/min and commenc
hperature of the'test portion approaches 800 °C, increase the flow of nitrogen to 50 I/min. Cq
faining the_flow of nitrogen until the mass of the test portion is constant and the temperature
b °C.

hination of
Hance with

5t 1. g and

jas flow, a

perforated

y from the

e heating.
ntinue the
s constant

- Hydrogen, carbon monoxide and the reducing and waste gas which contains hydrogen

xidé are toxic and therefore hazardous. During reduction the testing shall be carried out i

|

nd

na

well-ventilated area or under a hood. Precautions, according to local or national safety codes, shall be

taken for the

safety of the operator.

Record the mass of the test portion (m;) and immediately introduce the reducing gas at a flowrate of 50 I/min to
replace the nitrogen. Record the mass of the test portion (m,) continuously or at least every 3 min for the first 15 min
and thereafter at 10 min intervals. After 90 min of reduction, record the mass of the test portion (m,) and turn off the
power.

Replace the reducing gas by nitrogen at a flowrate of 25 I/min. The flow of nitrogen should be continued until the
test portion reaches to below 50 °C.

If the degree of metallization is to be obtained from 9.3.1, pulverise the entire reduced test portion and determine
the total iron content in accordance with 1ISO 2597-1, ISO 9507 or ISO 9508, and its metallic iron content in
accordance with 1ISO 5416.
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9 Expression of results

9.1 Final degree of reduction ( Ry)

Calculate the degree of reduction after 90 min (referred to as the final degree of reduction), Ry,, expressed as a
percentage, using the following equation3) :

00111w, m - m 0
Rop = G + x1000% 100 1)
0,430 w, mg x0,430 w, 0
where,

my is the mass, in grams, of the test portion;

my is the mass, in grams, of the test portion immediately before starting the reduction;

m is the mass, in grams, of the test portion, after 90 min of reduction;

Wy is the iron (II) oxide content, as a percentage by mass, of the test-sample prior to thHe test and is
calculated from the iron(ll) content, as determined by ISO 9035, by multiplying it py the oxide
conversion factor FeO/Fe(ll) = 1,286.

W is the total iron content, as a percentage by mass, of the'test portion prior to the test, getermined in

accordance with ISO 2597-1, ISO 9507 or ISO 9508

Record th¢ final degree of reduction to one decimal place.

9.2 Red{cibility indices %R  and IR
dt (r=40) dt (rR=06)

9.2.1 Reduction curve

Prepare the reduction curve by plotting the degree of reduction R, against time t, using the following eqyation:

10,111 wy L M-m

R =
F0,430 wy Mgy x0,430-W,

0
x 1oo%x 100 (2)

where m, is the mass, in-grams, of the test portion, after reduction time t.
Using the freduction‘curve, obtain and record the reducibility indices to two decimal places as follows.

9.2.2 Reducihility index for 40 % reduction

Read off fronmthe reduction curve the time i minutes to attaim degrees of reduction of 3096 and 609%.

Calculate the reducibility index % for 40 % of reduction (O/Fe =0,9), expressed in %/min, using the
(R=40)

following equation:

dr 336
dt (R=20) te0 ~ t30

3)

3) The derivation of the formula is given in annex A.
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where
t30
t0
33,6
9.2.3 Reduci

Read off from

is the time, in minutes, to attain a degree of reduction of 30 %;
is the time, in minutes, to attain a degree of reduction of 60 %;
is a constant.

bility index for 90 % reduction

the reduction curve the time in minutes to attain degrees of reduction of 80 % and 95 %.

Calculate the

reducibility index dr

pm for 90 % of reduction, expressed as the rate of reduction, in,%
(R=90)

the following [equation:

dR
dt (rR=9q)

where
tgo

tos

13,9

9.3 Degresq

9.3.1 Determination of the degree of metallization from chemical analysis (

Calculate thg

W,
M =
Wi

where
Wo

W

13,9
tos — tgo

is the time, in minutes, to attain a degree of reduction of 80 %,
is the time, in minutes, to attain a degree of reduction of 95 %;
is a constant.
of metallization
M)

degree of metallization M, expressed as-a percentage by mass, using the following formula:

is the metallic jiren-Content, expressed as a percentage by mass, of the reduced test porti

is the totaliron content, expressed as a percentage by mass, of the reduced test portion.

The result shall be expressed to one decimal place.

9.3.2 Deterrination of the degree of metallization from

Rgo (MR)

©1SO

min, using
4)
)
DN;

During the preparaftion of the reduced test portion for chemical analysis some reoxidation can occur. If the iron(ll)
oxide content before reduction obtained in 8.2 is less than 2 % the chemical analysis can be avoided and the
degree of metallization My (expressed as a percentage by mass) calculated directly from Ry, using the following

equation®):

Mg =143 x Rgg - 43

The result shall be expressed to one decimal place.

4) The derivation of the formula is given in annex B.

8

(6)
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9.4 Number of tests and permissible tolerances for

The permissible tolerance r between the paired results (X; and X,) is given in Table 1.

If the absd

Roo

Table 1 — Permissible tolerance ( )

ISO 11258:1999(E)

Type of iron ore

Acceptance of results

Iron ore pellets

r=2,0% (abs.)

Lump ores

r=3,5% (abs.)

shall be reported to one decimal place.

eport

port shall include the following information:

nce to this International Standard, i.e. ISO 11258;
ication of sample;

on content and iron(ll) content of the test sample.

and address of the testing laboratory;

f issue of the test report;

egree of reduction (Rq);

bility indices dr a_ ;
dt (rR=40) dti(R=90)

e of metallization (M of-MRg).

cation

lute difference between the paired results of Ry meets the permissible tolerance r thextest jis terminated
ban value of these results shall be reported. If not, the flowsheet given in annex C shall"be followed.

ecking of apparatus and procedures is essential to verify the test results. Checks shall be ¢arried out at
regular intervals.<TFhe frequency of checking is a matter for each laboratory to determine. The followirlg items shall

and the m
The result
a) Testr
The test re
a) refere
b) identi
c) totali
d) name
e) date ¢
f) final d
g) reduc
h) degre
10 Verif
Regular ¢
be check
a)

b)

Test samptepreparationand-testevatuatiorn:

1) s

ieves;

2) weighing device.

Reduction test:

1) reduction tube condition;

2) temperature level and distribution in the test portion;

3 ¢

as composition;
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4) gas flowrate;
4) weighing device;
5) timer;
6) recording system.
It is recommended that internal reference material be prepared and used periodically to check test repeatability.

Appropriate records of verification activities shall be maintained.

10
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Annex A
(informative)

Derivation of equation for reducibility

“Degree of reduction” describes the extent to which oxygen has been removed from iron oxides, and is defined
generally as shown below:

Degree of reduction =

The equa
haematite
also prese¢
reduction
FeO in thg

oxygen removed from iron oxide
original oxygen combined with iron

ion in 9.2 is derived on the assumption that all oxygen combined with ironcis -present ir

nt. Therefore, the degree of reduction is estimated from the loss in mass of the test p
lus the difference between the theoretical oxygen content based on actuatamounts of Fe,O

sample.
Mo Wy X ———
m —
7185 100+ L~ M x 100
W2 48
T]O W2 X — mO X—= X—
1117 100 1117

(A.1)

the form of

(Fe,O3) whereas, for most iron ore materials, some magnetite (Fe3;0,), wustite\(FeO), and nmetallic iron is

ortion during
L, Fe;0,4 and

(A.2)

11
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Annex B
(informative)

Derivation of equation for degree of metallization from Rao

©1SO

The degree of metallization is the ratio of the content of metallic iron to the total content of iron expressed as a

(B.1)

tage by

ing can be

(B.2)

(B.3)

(B.4)

percentage.
The iron content can be expressed as a percentage by mass of the reduced test portion or in absolutl terms as
follows:
Mg =100 x 'I::Lel\'l/'l
where
Mg is the degree of metallization of the test portion after 90 min of reduction, expressed as a percer]
maks;
FeM is the mass of metallic iron in the test portion after 90 min of reduction, in grams;
FeT is the mass of total iron in the test portion, in grams.
Considering that the amount of iron(lll) in the test portion aftef-90 min of reduction is very small, the follow
assumed:
FeM= feT- Fé?
where
Fe*2 is the mass of iron(ll) in the test portion after 90 minutes of reduction, in grams;
+ b5,8
Fe*2 ={og < =3%20
where
Ok | is the mass of oxigen in FeO, 5 in the test portion after 90 min of reduction, in grams;
0
o 32 iko
where
O, isthe mass of oxigen in the test portion before reduction, in grams.

Assuming that the amount of iron(ll) oxide content in the test portion is very small

0 =043xFeT

Substituting B.5 in B.4

O = -

12

Roo B 0,43 x FeT
100

(B.5)

(B.6)
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