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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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INTERNATIONAL STANDARD ISO 10204:2017(E)

Iron ores — Determination of magnesium — Flame atomic
absorption spectrometric method

WARNING — This document might involve hazardous materials, operations, and equipment.
This document does not purport to address all of the safety problems associated with its use.
It is the responsibility of the user of this document to establish appropriate health and safety
practices and determine the applicability of any limitations prior to use.

1 $cope

This|document specifies a flame atomic absorption spectrometric method for thie\determipation of the
masq fraction of magnesium in iron ores.

This|method is applicable to mass fractions of magnesium between 0,010% and 2,00 % in natural iron
ores|iron ore concentrates, and agglomerates, including sinter products:

2 Normative references

The following documents are referred to in the text in such'a way that some or all of their content
constitutes requirements of this document. For dated reférences, only the edition cited |applies. For
unddted references, the latest edition of the referenceddocument (including any amendmepts) applies.

ISO 648, Laboratory glassware — Single-volume pipettes
ISO 1042, Laboratory glassware — One-mark volumetric flasks

ISO 2596, Iron ores — Determination of Aiygroscopic moisture in analytical samples — Gravjmetric, Karl
Fischer and mass-loss methods

[SO 3082, Iron ores — Sampling and sample preparation procedures
ISO 3696, Water for analytical laboratory use — Specification and test methods
ISO 1764, Iron ores — Preparation of predried test samples for chemical analysis

ISO 9516-1:2003, Iron-ores — Determination of various elements by X-ray fluorescence speqtrometry —
Partl: Comprehensive procedure

3 Termsand definitions

No terms and definitions are listed in this document.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— IEC Electropedia: available at http://www.electropedia.org/

— ISO Online browsing platform: available at http://www.iso.org/obp

4 Principle

The test portion is decomposed by the treatment with hydrochloric acid and a small amount of nitric
acid, and then evaporated to dehydrate silica, followed by dilution and filtration.

The residue is ignited and silica is removed by evaporation with hydrofluoric and sulfuric acids. The
residue is fused with sodium carbonate and the cooled melt is dissolved in the filtrate.

© IS0 2017 - All rights reserved 1
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The solution obtained is aspirated into the flame of an atomic absorption spectrometer using an air-
acetylene burner.

The absorbance values obtained for magnesium are compared with those obtained from calibration
solutions.

NOTE A dinitrogen oxide/acetylene flame can be used for the determination, in which case, the sensitivity is
decreased by a factor of about 3.

5 Reagents

During the 4 with

Grade 2 of I§

nalysis, use only reagents of recognized analytical grade and only water that complies
0 3696.

5.1 Sodium carbonate, (Na;C03), anhydrous.

5.2 Hydrgchloric acid, p 1,19 g/ml.

5.3 Hydrdgchloric acid, p 1,19 g/ml], diluted 1 + 9.

5.4 Nitridacid, p 1,4 g/ml.

5.5 Hydr¢fluoric acid, p 1,13 g/ml, 40 % (mass fraction) or p 1,185 g/ml, 48 % (mass fraction).

5.6 Sulfuric acid, p 1,84 g/ml], diluted 1 + 1.

5.7 Pure jiron, minimum purity 99,9 % (mass fraetion), of mass fraction of magnesium less|than
0,0002 %.

5.8 Background solution.

Dissolve 5,0[g pure iron (5.7) in 50 ml efthydrochloric acid (5.2) and oxidize by adding nitric acid|(5.4)

drop by drg
and dilute t
iron solutiot

p. Evaporate until a syrupy consistency is obtained. Add 20 ml of hydrochloric acid
b 200 ml with water. Dissolve 17 g of sodium carbonate (5.1) in water, add carefully t
1, and heat to remove darbon dioxide. Transfer the cooled solution to a 1 000 ml one-

(5.2)
D the
mark

volumetric fllask, dilute to voliime with water, and mix.

5.9 Lanthanum chloride solution.

Dissolve 50
50 ml of hyd

o of lanthanum chloride (LaCl3-7H20) (of mass fraction of magnesium less than 0,002
rochloric acid (5.2) and 300 ml of hot water. Cool and dilute to 1 1.

0) in

5.10 Magnesium standard solution, 25 g Mg/mi:

Dissolve 0,500 0 g of oxide-free magnesium metal [minimum purity 99,9 % (mass fraction)] or 0,829 2 g
of analytical grade magnesium oxide (dried and weighed in accordance with ISO 9516-1:2003, 4.9) by
slowly adding 75 ml of hydrochloric acid (5.2), diluted 1 + 3. When dissolved, cool, transfer toa 1 000 ml
one-mark volumetric flask, dilute to volume with water, and mix. Transfer 10 ml of this solution to a
200 ml one-mark volumetric flask, dilute to volume with water, and mix.

5.11 Magnesium calibration solutions.

Using pipettes, transfer 2,0 ml, 5,0 ml, 10,0 ml, 15,0 ml, and 20,0 ml portions of magnesium standard
solution (5.10) to 200 ml volumetric flasks (see next paragraph). Add 6 ml of hydrochloric acid (5.2),
60 ml of background solution (5.8), and 40 ml of lanthanum chloride solution (5.9) to each flask.
Dilute the solution to volume with water and mix. Prepare a zero magnesium calibration solution

2 © IS0 2017 - All rights reserved
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by transferring 60 ml of background solution (5.8) to a 200 ml volumetric flask. Then add 6 ml of
hydrochloric acid (5.2) and 40 ml of lanthanum chloride solution (5.9). Dilute the solution to volume

with

water and mix.

The range of magnesium that can be covered can vary from instrument to instrument. Attention should
be paid to the minimum criteria given in 6.3. For instruments having high sensitivity, smaller portions
of standard solution or a more diluted standard solution can be used.

6 Apparatus

Ordi

with
6.1
6.2

6.3

WAR
dinif
whe
The :
a) 1

b)
[(

The {

4

the spec1f1cat10ns of ISO 648 and ISO 1042, respectlvely, and the following.
Platinum crucible with a lid, of minimum capacity 30 ml.
Muffle furnace, capable of maintaining a temperature of approximately"1)100 °C.

Atomic absorption spectrometer, equipped with an air-acetylede’burner.

NING — Follow the manufacturer’s instructions for igniting and extingy
rogen oxide/acetylene flame to avoid possible explosionhazards. Wear tinted sa
hever the flame is burning.

itomic absorption spectrometer used in this method<hall meet the following criteria.

Minimum sensitivity: the absorbance of the mest concentrated magnesium calibrat]
see 5.11) shall be at least 0,3.

iraph linearity: the ratio between the slope of the calibration graph covering the top
oncentration range (expressed as a chdnge in absorbance) and the value of the slope fo
0 % of the concentration range determined in the same way shall not be less than 0,7.

Minimum stability: the standard'deviation of the absorbance of the most concentrateq
olution and that of the zero.calibration solution, each being calculated from a sufficier
epetitive measurements,(shall be less than 1,5 % and 0,5 %, respectively, of the mean
ibsorbance of the most cohcentrated calibration solution.

1se of a strip chart'recorder and/or digital readout device is recommended to evaluat

b), and c) and for all.subsequent measurements.

NOTE

succe
air-a

In sy

ssfully used'in several laboratories and they can be used as guidelines. Solutions were aspi
etylene-burner.

1:11"v]:ﬂ‘\nrafnrv anﬂrﬂfllc 'I“f‘]llf]'l“ﬂ' one- m:n"]( Y\]Y\ﬂffﬂc :\“f‘ one- m:w'l( ‘7{'\]]]me1"1{" F]QCL’S Complylng

ishing the

fety glasses

ion solution

20 % of the
- the bottom

| calibration
It number of
value of the

e criteria a),

Instrunfent parameters can vary with each instrument. The following paralreters were
i

ated into an

1s flow rates

stems where the values shown below for gas flow rates do not apply, the ratio of the g3
S ha o eafi]l gyidaling

cans
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Acetylene flow rate, [/min 4,2
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7 Sampling and samples

7.1 Laboratory sample

For analysis, use a laboratory sample of =100 um particle size which has been taken and prepared
in accordance with ISO 3082. In the case of ores having significant contents of combined water or
oxidizable compounds, use a particle size of =160 pm.

NOTE
ISO 7764.

7.2 PrepJaration of test samples

7.2.1 General

Depending ¢

7.2.2 Method specified in ISO 2596

This methoq

Thoroughly
such a way
equilibrium

7.2.3 Method specified in ISO 7764

This method
a) process
b) natural
c) natural

Thoroughly
way thatiti

n the ore type, proceed in accordance with either 7.2.2 or 7.2.3.

| is applicable to all types of ores.

mix the laboratory sample and, taking multiple increments, extract a test samp
that it is representative of the whole contents of the container. Bring the test samplg
with the laboratory atmosphere in accordance with,[SQ*2596.

| is not applicable to the following types ofores:

ed ores containing metallic iron (directréduces iron);

or processed ores in which the sulfur content is higher than 0,2 %j;
or processed ores in which the econtent of combined water is higher than 2,5 % by masg

mix the laboratory sample.and, taking multiple increments, extract a test sample in s
5 representative of the whole contents of the container.

8 Procedure

8.1 Number of detéerminations

Carry out the analysis at least in duplicate in accordance with Annex A, independently, on ong
sample (see|722).

A guideline on significant contents of combined water and oxidizable compounds is incorporated in

le in
into

g

ich a

test

NOTE

The expression “independently” means that the second and any subsequent result is not affected

by the previous result(s). For this particular analytical method, this condition implies that the repetition of the
procedure is carried out either by the same operator at a different time or by a different operator including, in
either case, appropriate recalibration.

8.2 Test portion

Taking several increments, weigh, to the nearest 0,000 2 g, approximately 0,5 g of the air-equilibrated
test sample obtained in accordance with 7.2.2. Concurrently, determine the hydroscopic moisture
content in accordance with ISO 2596 and calculate the dried mass of the test portion.

© ISO 2017 - All rights reserved
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Where the test sample is obtained in accordance with 7.2.3, transfer 0,5 g of the test portion to
a weighing bottle, then dry at 105 °C + 2 °C and determine the dried mass of the test portion to the

nearest 0,000 2 g in accordance with ISO 7764.

8.3

Blank test and check test

8.3.1 Blank test

8.3.1.1 Preparation of blank test solution

Usin

FpUTE ITON (5.7 ) With a 60 9% Mass of the test portion in piace of The Test portion,, C

rry out the

samg procedure described from 8.4.1 to 8.4.3 as the test portion in parallel with it.

8.3.1.2 Measurement of blank value

Carry out in accordance with 8.4.5.

Where the analysis is carried out on several samples at the same time, the blank vdlue may be
repr¢sented by one test, provided that the procedure is the same and\that the reagents uged are from
the spme reagent bottles.

8.3.7 Checktest

In eajch run, one analysis of a certified reference material{(CRM) of the same type of ore shall be carried

out i
CRM
analy
case,

Whe
analy

8.4

8.4.1

Tran
of hy
beloy
miny
105

and Y
to bg

no significant changes in the analytical proc¢edure will become necessary.

Fe the analysis is carried out on several samples of the same type of ore at the saj
Ftical value of one CRM may be used:

Determination

Decomposition of the test portion

sfer the test portidm(8.2) to a 250 ml beaker. Moisten with a few millilitres of wate
drochloric acid-(5)2), cover with a watch-glass, and heat gently. Increase the heat an
v boiling, untihno further attack is apparent. Add 2 ml of nitric acid (5.4) and diges
tes. Remove-the watch-glass and evaporate the solution until dry. Heat the salts on a

h parallel with the analysis of the ore sample(s) under the same conditions. A test sagmple of the
shall be prepared as specified in 7.2. The CRM should be of the same type as the sample to be
sed and the properties of the two materials should be sufficiently similar to ensure that, in either

he time, the

I, add 25 ml
1 digest just
t for several
hot-plate at

C to 110-°C for 30 min. Add 5 ml of hydrochloric acid (5.2), cover the beaker with a
varm-{or several minutes. Add 50 ml of water, stirring to avoid the hydrolysis of titani

texty

ivatch-glass,

iling, Wash the watch-glass and the walls of the beaker and filter the solution through a medium-

m, and heat
ré-paper containing some filter pulp into a 250 ml beaker. Carefully remove all adher‘fng particles

with a rubber-tipped glass rod or moistened filter paper and transfer to the filter, washing three times
with diluted hydrochloric acid (5.3), then with hot water until the filter paper is free of iron. Transfer
the paper and residue to a platinum crucible (6.1).

Evap

orate the filtrate to about 100 ml and retain it.

8.4.2 Treatment of the residue

Ignite the filter paper and residue in a platinum crucible (6.1) at a low temperature (500 °C to 800 °C).
Cool, moisten with a few drops of water, and then add three or four drops of sulfuric acid (5.6) and

10 m

© ISO
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Evaporate slowly to expel silica and then fume to remove the excess sulfuric acid. Ignite at about 700 °C.
Add 1,0 g of sodium carbonate (5.1) to the residue (see note), cover the crucible, and fuse over a burner
or in a muffle furnace (6.2) until a clear melt is obtained (at about 1 100 °C for 15 min).

NOTE

If difficulties are experienced with the fusion, 2 g of sodium carbonate (5.1) can be used, in which

case, it is advisable to double the amount of sodium carbonate and the volume of hydrochloric acid (5.2) in the
background solution (5.8).

8.4.3 Preparation of the test solution

Dissolve the cooled melt in the retained filtrate (see 8.4.1), then remove and wash the crucible and cover

(see next pa|

If the soluti
titanium, it

Transfer thg

When the n
chloride sol
the low Mg 4

When the m|
and mix.

Transfer an
and add 40
hydrochlori
This solutio

The dilution
of the calibr
may be pref]

agraphy:

on is cloudy at this stage, indicating the presence of substantial amounts of hydrol
should be filtered prior to the transfer to the 200 ml volumetric flask.

solution to a 200 ml one-mark volumetric flask.

ass fraction of magnesium in sample is expected to be < 0,10 %, add 40 ml of lanth4
ition (5.9), dilute to volume with water, and mix. This solution is thefinal test solutig
ample.

ass fraction of magnesium in sample is expected to be > 0,10:%), dilute to volume with y

appropriate aliquot of this solution (see Table 1) t0.3*200 ml one-mark volumetric
m] of lanthanum chloride solution (5.9). Add the amount of background solution (5.8
C acid (5.2) indicated in Table 1, dilute to volume'\with water, and mix (see last paragn
h is the final test solution for the high Mg sample.

s shown in Table 1 will provide mass concentrations of magnesium falling within the 1
htion solutions. For instruments havinghigh sensitivity, smaller portions of the test sol
prable. Avoid aliquot portions of less'than 2 ml by making a preliminary dilution. Tred

yzed

num
n for

vater

flask
and

aph).

ange
1tion
t the

blank test s¢plution similarly.

Table 1 —Dilution guide for test solution

Background
solution (5.8) to be
added

ml
55
60

ass fraction of
in sample, wyg

Hydrochloric
acid (5.2) to be added

Expected m
magnesium

Equivalent

Aliqudt mass of sample

ml ml
20

5

%
iig < 1,00
g < 2,00

g
0,05
0,012 5

0,10 <
1,00 <

8.4.4 Adjphstment of the atomic absorption spectrometer

Set the wavelength for magnesium (285,2 nm) to obtain minimum absorbance. Fit the correct burner
and, in accordance with the manufacturer’s instructions, light the appropriate flame. After 10 min of
preheating the burner, adjust the fuel flow and burner to obtain maximum absorbance while aspirating
the calibration solution of highest mass fraction of magnesium (see 5.11). Then evaluate the criteria in 6.3.

When the sensitivity of the instrument is too high to meet the criteria, it is permitted to set analytical
conditions by which the absorbance is not the maximum. In this case, the criteria in 6.3 shall be met
and the conditions shall not be changed during the measurements of all solutions prepared in each
independent analysis.

Aspirate water and the calibration solution to establish that the absorbance reading is not drifting and
then set the initial reading for water to zero absorbance.

© ISO 2017 - All rights reserved
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8.4.5 Atomic absorption measurements

Aspirate the calibration solutions (5.11), the blank test solution (8.3.1.1), and the final test solution (see
8.4.3) in order of increasing absorption, starting with the blank test solution and the zero calibration
solution, with the final test solution being aspirated at the appropriate point in the series. Aspirate
water between each solution and record the readings when stable responses are obtained.

Repeat the measurements at least twice.

If necessary, convert the average of the readings for each solution to absorbance. Obtain the net
absorbance of each calibration solutlon by subtractmg the absorbance of the zero calibration solution.

the cncentratlon of magnesmm in mlcrograms per m111111tre

Convert the net absorbance values of the blank test solution and the final test solutign to micrograms of
magmnesium per millilitre by means of the calibration graph.

9

9.1
The

Expression of results

Calculation of mass fraction of magnesium

mass fraction of magnesium, wmg, expressed as a percentage, is calculated to four de

using Formula (1):

(Pmg = Pmg)*200

w =
Mg mx10000
_ Pmg ~PwmgB
mx50
wherte

9.2

#Mg  isthe mass concentrationfin micrograms per millilitre, of magnesium in the final {
MMgB  1s the mass concentration, in micrograms per millilitre, of magnesium in the blank

m is the mass, in grams, of sample contained in a 200 ml volume of the final test solj
into account-any preliminary dilution which might have been made.

General treatment of results

9.2.1 Repeatability and permissible tolerance

The

precision of this analytical method is expressed by the regression Formulae (2), (3), (4

rimal places

(D

est solution;
est solution;

ition, taking

) and (5).

NOTE Additional information 1s given 1n Annex 5 and Annex C.

R4 =0,03039x081728
P=0,049 46 x 79088

04=0,01074 x°81728

0., =0,017 61 X+0,000 59

where

© IS0 2017 - All rights reserved
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Rq isthe independent duplicate limit;

X is the mass fraction of magnesium, expressed as a percentage, of the predried test sample,
calculated as follows:

— within-laboratory Formula (2) and Formula (4): the arithmetic mean of the duplicate
values;

— between-laboratories Formula (3) and Formula (5): the arithmetic mean of the final labora-
tory results (9.2.5) of the two laboratories;

P is the permissible tolerance between laboratories;

oq isthe independent duplicate standard deviation;

o1, is the between-laboratories standard deviation.

9.2.2 Determination of analytical result

Having computed the independent duplicate results according to Formula (1),-cempare them with the
independent duplicate limit (Rq), using the procedure given in Annex A and.obtain the final laboratory
result, u, which calculated to five decimal places for mass fractions of magfiesium less than 1 % and to
four decimal places for mass fractions greater than 1 %.

9.2.3 Between-laboratories precision

Between-lalporatories precision is used to determine the agveement between the final laboratory
results reported by two laboratories.

Compute the following quantity using Formula (6):

+
Uiy :_‘ulzi (6)

where

u12 is the mean of final results;
u1 is the final result reported by laboratory 1;

uz is the final result reported by laboratory 2.
Substitute 12 for X in.Eormula (3) and calculate P.

If |‘LL1 —u2| P, thefinal results are in agreement.

9 2 4 Chn kfor frueness
fV/p CeIrT1oT—Tratiatss

The trueness of the analytical method shall be checked by applying it to a CRM.

Calculate the analytical result (uc) for the CRM using the procedures in 9.1 and compare it with the
certified value Ac. The following are two possibilities:

a) |,uC —AC|SC, in which case, the difference between the reported result and the certified value is
statistically insignificant;

b) |,uC —AC|>C, in which case, the difference between the reported result and the certified value is
statistically significant.

where

8 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=8bf86f9ecb80b63a74aff9e5c47a9551

IS0 10204:2017(E)

Uc is the final result for the CRM;

Ac is the reference value for the CRM;

C isavalue dependent on the type of CRM used.

CRMs used for this purpose should be prepared and certified in accordance with ISO Guide 35.

C shall be calculated as given by Formula (7):

whe

The
inco

A CRM certified. by only one laboratory should be avoided, unless it is known to have

cert

9.2.3 _“CGalculation of final result
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JLc is the between-laboratories standard deviation of the certifying laboratorie
we is the within-laboratory standard deviation of the certifying laboratories;
nwe is the average number of replicate determinations/in the certifying laborato
Ne¢ is the number of certifying laboratories;

1 is the number of replicate determinations‘€atried out on the CRM/reference

¢, and oq are as defined in 9.2.1.
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if the certification has been made by only one laboratory or if the interlaboratory results
se Formula (8):
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inal result is rounded off the final laboratory result to the third decimal place for mass fractions

of magnesium less than 1 % and to the second decimal place for mass fraction greater than or equal to

1%

9.3
The

according to Rule A as described in ISO 80000-1:2009, B.3.

Oxide factor
oxide factor, expressed as a percent, is given by Formula (9):
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10 Test report

The test report shall include the following information:

a)
b)
0)
d)
€)
f)
g)

10

name and address of the testing laboratory;
date of issue of the test report;
reference to this document, i.e. ISO 10204;

details necessary for the identification of the sample;

result o

referen¢e number of the result;

the analysis,

any chgracteristics noticed during the determination and any operations not specified inl this
document which might have had an influence on the result, for either the test sampleor the CRIM(s).
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Flowsheet of the procedure for the acceptance of analytical values

for test samples
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Figure A.1 — Flowsheet of the procedure for the acceptance of analytical values for test samples
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Annex B
(informative)

Derivation of repeatability and permissible tolerance formulae

The formulae in 9.2.1 were derived from the results of international analytical trials carried out from
2007 to 2011 on eight iron ore samples, involving eight laboratories in four countries.

Graphical treatment of the precision data is given in Annex C.
The test samples used are listed in Table B.1.

NOTE1 Afeportofthe international trials and a statistical analysis of the results [documents ISO/TC 102/SC 2
N1969, (Margh 2012)] is available from the Secretariat of ISO/TC 102/SC 2.

NOTE 2  The statistical analysis was performed in accordance with the ISO/TC-102/TCR 5 (Technical

Committee Report No. 5): Procedures for statistical evaluation of data resulting.from international [tests,
principles enlbodied in ISO 5725 (all parts).

Table B.1 — Mass fractions of magnesium indtest samples

Mass fraction of magnesium
Sample
%

]SS 801-6 Indian hematite 0,032a
JSS 803-6 Hamersley hematite 0,012
]SS 804-2 Iscor hematite 0,0099
]SS 820-3 Robe river limonite 0,127
JSS 831-1 Taharoa iron sand 1,98
]SS 851-4 Sintered ore 0,98
JSS 853-1 Algarroho pellet 0,30

a  Non-certified value.
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