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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

electrotec

hnical standardization.

The procgdures used to develop this document and those intended for its further maintenance-
described|in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed-for {
different fypes of ISO documents should be noted. This document was drafted in accordance with {
editorial fules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention|is drawn to the possibility that some of the elements of this document may.be the subject

patent ri

any patenf rights identified during the development of the document will be in the, Introduction and

on the IS

Any trade
constitute

For an ey
assessmel
Barriers t

The com
Subcomm

ts. ISO shall not be held responsible for identifying any or all such patent rights. Details

list of patent declarations received (see www.iso.org/patents).

an endorsement.

nt, as well as information about ISO’s adherence toithe WTO principles in the Techni
b Trade (TBT) see the following URL: Foreword - Supplementary information

ittee SC 2, Chemical analysis.
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name used in this document is information given for the convénience of users and does npot

planation on the meaning of ISO specific terms and{expressions related to conformiity
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ittee responsible for this document is ISQO/TC 102, Iron ore and direct reduced irpn,
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Introduction

The measurement of loss on ignition (LOI) is a technique widely used in the iron ore industry.

Ignition loss is the sum of contributions from the mass loss of volatile compounds such as water vapour,
carbon dioxide and sulphides (due to the decomposition of goethite and carbonaceous materials),
and the mass gain due to oxidation [Fe(II) to Fep03]. Its use is complementary to the determination
of elemental or oxide concentrations. It serves to allow for an addition of the oxides, generated at the
ignition temperature, and the LO], to arrive at total (oxide + LOI). The determination of LOI is essential

in
co

©lI

sinter p]:\nf and blast furnace balance {‘a]r‘n]qfinnc, as it is used to calculate calcinated

hcentrations.
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Iron ores — Determination of loss on ignition — Non-
oxidised ores

WARNING — This Technical Report may involve hazardous materials, operations and equipment.
This Technical Report does not purport to address all of the safety problems associated with its
use. It is the responsibility of the user of this Technical Report to establish appropriate health

anfdsafety practices anmd determmine tireappticabitity of Tegulatory timmitations priortoyse.
1 [ Scope

Thiis Technical Report describes a gravimetric method for the determination of theloss in mdss of non-
oxldized iron ores, when ignited at 1 000 °C.

Thjis method is applicable to a concentration range of a mass fraction of <3;0"% to 7,0 % loss dn ignition
in patural iron ores, iron ore concentrates and agglomerates, and sintefs:

Thie method is not applicable to the following:

a) | processed ores containing metallic iron (direct reduced iref);
b) | natural or processed ores in which the sulfur contentis higher than a mass fraction of 0,2 %;
c) | internationally traded ores with combined wateggreater than 2,5 %.
NOTE1 Loss onignition can be used as an estimatg of combined water.

NOTE 2  This method is intended for in-housease and is not intended for referee purposes.

2 | Principle

A test portion is heated in a muffle furnace at 1 000 °C for 60 min and cooled in a desicfator. The
defreased mass of the test poftion is then measured.

3 | Reagents

During the analysis;ise only reagents of recognized analytical grade.

3.1 Silicargel, dried at 105 °C for 4 h.

4 | Apparatus

Ordinary laboratory apparatus and the following:

4.1 Silica, porcelain or platinum crucibles, 15 ml to 25 ml capacity, with lids.

The crucibles should be pre-conditioned in the muffle furnace at 1 000 °C for 60 min. Crucibles and lids
should be stored in the desiccator (4.4) prior to use.

If platinum crucibles used for LOI analysis are to be used for flux fusions, platinum ware should be
thoroughly cleaned to prevent cross-contamination.

4.2 Balance, capable of reading to the nearest 0,1 mg at the mass load of the crucible.

© IS0 2015 - All rights reserved 1
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4.3 Muffle furnace, capable of maintaining a temperature of 1 000 °C £ 25 °C, with provision for air
circulation adequate to prevent water vapour retention.

4.4 Desiccator, of borosilicate glass, 150 mm to 250 mm internal diameter with a vacuum stopcock
that will allow the evacuation of air.

The desiccator plate should be metal or ceramic or similar that will not break when in contact with a
crucible at 1 000 °C. The rim of the desiccator should be lightly greased with silicon grease or petroleum
jelly. 150 g to 200 g of silica gel (3.1) should be replaced daily.

If platinufrcructbies are used, metal desiccator piates shouid not be used- |

5 Sampling and samples

5.1 Labhoratory sample

For analy$is, use a laboratory sample of 100 pum particle size which has been taKen and prepared in
accordande with ISO 3082.

5.2 Preparation of test samples

Analyses may be performed using either predried test samples (prepayed in accordance with ISO 7764).

6 Prodedure

6.1 Number of determinations

Carry out{the analysis at least in duplicate, using the procedure given in Annex A, independently, |jon
each test sample.

NOTE The expression “independently” méans that the second and any subsequent result is not affecfed
by the previous result(s). For this particular.analytical method, this condition implies that the repetition of

the procedure are to be carried out either by the same operator at a different time, or by a different operator,
including gppropriate recalibration in either case.

6.2 Test portion

Taking seyeral increments;weigh to the nearest 0,000 1 g, approximately 2,0 g + 0,2 g of the test sample
(5.2).

6.3 Deflermination

6.3.1 Pre-treatment of crucible

Using crucible tongs, place the crucible (4.1) into the muffle furnace (4.3) at 1 000 °C for 60 min * 10 min,
ensuring that there is no loose material on the floor of the muffle furnace that could possibly adhere to
the crucible.

Remove the crucible from the furnace to a desiccator (4.4), place the lid on the crucible immediately,
and cool under vacuum for 30 min. Keep the lid on the crucible throughout the cooling period.

Release the vacuum slowly, then weigh the cooled crucible and lid to the nearest 0,000 1 g (m1).

2 © IS0 2015 - All rights reserved
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6.3.2 Determination of LOI

Transfer the test portion (6.2) to the crucible and re-weigh the crucible and lid to the nearest 0,000 1 g
(m2).

Place the crucible containing the test portion (my) into the muffle furnace (4.3) at 1 000 °C for
60 min * 10 min.

Remove the crucible from the furnace to a vacuum desiccator (4.4), place the lid on the crucible
immediately, and cool under vacuum for 30 min. Keep the lid on the crucible throughout the cooling
period

Re]ease the vacuum slowly, then weigh the cooled crucible and lid to the nearest 0,000 1.g\(m

P

7 | Expression of results

7.1 Calculation of loss on ignition
Thie loss on ignition LOI, expressed as a percentage by mass, is calculatédyFormula (1):
m, —m

2 3 %100 1)
m; —my

LOI % (m/m) =

where
m1 is the mass of the crucible and lid, in grams;
my is the mass of the crucible, lid and dry test portion, in grams;

m3 is the mass of the crucible, lid and test'portion after ignition, in grams.

7.2 General treatment of results

7.2.1 Repeatability and permissible tolerances

Thie precision of this analytical method is expressed by the following formulae (see also Anngx A):

Sq= 0,040 (2)
SL=0,029 1-%40,051 7 (3)
Rq = 0,114 (4)
P2 0,042 7 X+ 0,026 2 (5)
where

X istheloss onignition, expressed as a percentage by mass, of the sample;
Sq is the independent duplicate standard deviation;

SL. is the between-laboratories standard deviation;

Rq is the independent duplicate limit;

P isthe permissible tolerance.

© IS0 2015 - All rights reserved 3
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722 D

etermination of analytical result

Having computed the independent duplicate results according to Formula (2), compare them with the
independent duplicate limit (Rq), using the procedure given in Annex A.

723 B

etween-laboratories precision

Between-laboratories precision is used to determine the agreement between the final results reported
by two laboratories. The assumption is that both laboratories followed the same procedure described

in7.2.2.

Compute the following quantity:

Hi2 =]

where

—

251

—

12

Hyt Uy
2

4 the final result reported by laboratory 1;

4 the final result reported by laboratory 2;

12 i4the mean of final results.

If lug -y

< P, the final results are in agreement.

7.2.4 CIeck for trueness

The true
material

confirmatfion of the precision, the final laboratory-esult is compared with the reference or certif
value Ac. There are two possibilities:

a) lpc — Acl < €, in which case the difference-between the reported result and the reference/certif

value

b) IIJC = 4
value

where
Ue 1S
Ac 19
C

—

S

is statistically insignificant.

A:| > C, in which case the difference between the reported result and the reference/certif
is statistically significant,

the final result-for the certified reference material;
the reference/certified value for the CRM/RM;

a value.dependent on the type of CRM/RM used.

Certified |

eference materials used for this purpose should be prepared and certified in accordance wj

(6)

ess of the analytical method should be checked by applying it to a certified reference
CRM) or a reference material (RM). The procedure is the same as that described above. After

ed

ed

ed

ith

ISO Guide

35.

For a CRM certified by an inter-laboratory test programme:

oL=Cluc+d

oq=a

Mc+b

© ISO 2015 - All rights reserved
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2
CzZ\/GE—FGTd—FV(AC)

where V(A() is the variance of the certified value Ac.

For a CRM certified by only one laboratory:

2
(o2
C=2 207 +—2

Thiis type of CRM should be avoided unless it is known to have an unbiased certified value.

7.2

ot
ro

a)

b)

8

.5 Calculation of final result

erwise determined by the operations provided in Annex A, calculated(te four decimal places and

nded off to the second decimal place as follows:

T}{ final result is the arithmetic mean of the acceptable analytical values for-the test sanpple, or as

where the figure in the third decimal place is less than 5, it is discarded and the figure in the second

decimal place is kept unchanged;

where the figure in the third decimal place is 5 and thénge is a figure other than 0 in the fourth

decimal place, or when the figure in the third decimal place is greater than 5, the fig
second decimal place is increased by one;

ire in the

where the figure in the third decimal place is 5.alid the figure 0 is in the fourth decimal place, the 5

is discarded and the figure in the second decimal place is kept unchanged ifitis 0, 2, 4, 6
increased by one ifitis 1, 3,5, 7 or 9.

Test report

Thie test report should include the following information:

a)
b)
‘)
d)
e)
f)

the name and address of the'testing laboratory;

the date of issue of the.tést report;

areference to this‘Technical Report, i.e. ISO/TR 18230:2015;
the details necessary for the identification of the sample;
the analysis result;

the‘teference number of the result;

any characteristics noticed during the determination, and any operations not provid

br 8 and is

pd in this

g)

Technical Report which may have an influence on the result, for either the test sample or the

certified reference material(s).
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