INTERNATIONAL 1ISO
STANDARD 11535

First edition
1998-10-01

Iron ores — Determination of various
elements — Inductively coupled plasma
atomic emission spectrometric method

r——4

Minerais de fer — Dosage de divers éléments — Méthode par
spectrométrie d’émission atomique avec plasma induit par haufe fréquence

\@/ Reference number

ISO 11535:1998(E)


https://standardsiso.com/api/?name=ef91159d9a8eb27be26104b7e7f32b23

ISO 11535:1998(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide

federation of
preparing In
technical cor
a technical ¢
on that com
governments
collaborates
(IEC) on all n

Draft Interns
circulated to
Standard req
a vote.

International
ISO/TC 102,

Annexes A

national standards bodies (ISO member bodies). The work of
fernational Standards is normally carried out through 1SO
hmittees. Each member body interested in a subject for which
bmmittee has been established has the right to be represented
mittee. International organizations, governmental and non-
I, in liaison with 1SO, also take part in the work. 1SO
closely with the International Electrotechnical Commission
hatters of electrotechnical standardization.

tional Standards adopted by the technical committees are

the member bodies for voting. Publication as an International
uires approval by at least 75 % of the member bodies casting

Standard ISO 11535 was prepared by TechnicalsxCommittee
Iron ores, Subcommittee SC 2, Chemical analysis:

and B form an integral part of this International Standard.

Annexes C t¢ E are for information only.

© 1S0 1998

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced
or utilized in any form or by any means, electronic or mechanical, including photocopying and
microfilm, without permission in writing from the publisher.

International

Organization for Standardization

Case postale 56 « CH-1211 Genéve 20 « Switzerland

Internet is

o@iso.ch

Printed in Switzerland



https://standardsiso.com/api/?name=ef91159d9a8eb27be26104b7e7f32b23

INTERNATIONAL STANDARD ©1SO

1ISO 11535:1998(E)

Iron ores — Determination of various elements — Inductively

coupl

WARNING
Internatior
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d plasma atomic emission spectrometric method

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

1 Scop

This Intern
manganes

This meth

D

and agglomerates, including sinter products.

Table.1'=- Concentration ranges

— This International Standard may involve hazardous materials, operations and ‘equipmen{. This
al Standard does not purport to address all of the safety problems associated, with its use.|It is
nsibility of the user of this International Standard to establish appropriate*health and sgfety

ational Standard specifies a method for the determination.of aluminium, calcium, phosphorus| magnesium,
e, silicon and titanium in iron ores by inductively>coupled plasma atomic emission spectrometry
(ICP-AES).

bd is applicable to the concentration ranges given in table 1, in natural iron ores, iron ore [concentrates

Range of concentration
Element % (mim)

Al 0,02to 5
Ca 0,01to 8
Mg 0,01to 3
Mn 0,01to 3
P 0,013to0 2
Si 0,1to 8

Ti 0,01to 0,2

2 Norm

ative references

The following standards contain provisions which, through reference in this text, constitute provisions of this
International Standard. At the time of publication, the editions indicated were valid. All standards are subject to
revision, and parties to agreements based on this International Standard are encouraged to investigate the
possibility of applying the most recent editions of the standards indicated below. Members of IEC and ISO maintain
registers of currently valid International Standards.

ISO 648:1977, Laboratory glassware — One-mark pipettes.

ISO 1042:1998, Laboratory glassware — One-mark volumetric flasks.
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ISO 3081:1986, Iron ores — Increment sampling — Manual method.

ISO 3082:1987, Iron ores — Increment sampling and sample preparation — Mechanical method.

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

ISO 3696:1987, Water for analytical laboratory use — Specification and test methods.

ISO 7764:1985, Iron ores — Preparation of predried test samples for chemical analysis.

3 Principl

Decompositi
cooled melt i

Dilution to v
prepared usi

4 Reager

During the a|
ISO 3696:19

4.1 Iron ox

4.2 Sodiunf

To produce
test, high qu

4.3 Sodiunf

The same pJ

4.4 Hydroc

The same pJ

E

bn of the test portion by fusion in sodium carbonate/sodium tetraborate flux and dissolu
n hydrochloric acid.

ng standard solutions.

ts

halysis, use only reagents of recognized analytical gradecand only water that conforms to
B7.

de (Fe,03), of minimum purity 99,99 % (m/m).
carbonate (Na,COg), anhydrous.
inal impurity levels in solution belgw;the detection limits determined or suggested in the pe

lity grade is required.

tetraborate (Na,B,0-),\ahhydrous.

rity criteria as for the’sodium carbonate are required.

hloric acid_§>eoncentrated, p 1,16 g/ml to 1,19 g/ml.

rity criteria as for the sodium carbonate are required.

©1SO

ion of the

blume and measurement on an ICP spectrometer. Reading of final results from a calibrgtion graph

grade 2 of

rformance

4.5 Hydroc

hloric acid , p 1,16 g/mlto 1,19 g/ml, diluted 1 + 1.

Volumes of HCI and water should take into account the water already present in the “concentrated acid”. To prepare
atrue 1 + 1 solution, the specific gravity of 1,19 g/ml HCI must be taken as a reference to provide a constant-boiling

mixture.

4.6 Nitric acid , concentrated, p 1,4 g/ml.

The same purity criteria as for the sodium carbonate are required.
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4.7 Stock solutions
4.7.1 Phosphorus , 1 000 pg/ml.
Dry approximately 10 g of potassium dihydrogen orthophosphate (KH,PO,) at 110 °C until a constant mass is

reached, and cool in a desiccator. Dissolve 4,393 6 g in about 200 ml of water in a 1 000 ml one-mark volumetric
flask. When the dissolution is complete, dilute to volume with water, and mix.

4.7.2 Manganese, 1 000 pg/ml.

Dissolve 1,000 0 g of high-purity manganese metal in 20 ml of hydrochloric acid (4.5) in a covered tall-form beaker
with heating. When dissolution is complete, cool, transfer to a 1 000 ml one-mark volumetric flask, dilute to volume
with water|and mix.

4.7.3 Magnesium , 1 000 pg/ml.

Dissolve 1,000 0 g of high-purity magnesium metal in 20 ml of hydrochloric acid (4.5) in a-covered tal|-form beaker
with heating. When dissolution is complete, cool, transfer to a 1 000 ml one-mark volumetric flask, diljte to volume
with water|and mix.

4.7.4 Siligcon , 1 000 pg/ml.

Accurately] weigh 2,139 3 g of pure silicon oxide (finely ground, previously heated at 1 000 °C for 45 min) into a
platinum grucible (5.2). Mix with 5 g of sodium carbonate (4.2), and)melt in a furnace at 1 000 °C for 15 min.
Dissolve the melt in 100 ml of warm water and transfer to a 1 000.ml one-mark volumetric flask; |increase the
volume to|approximately 500 ml with water, add 20 ml of hydrochloric acid (4.5), dilute to volume with water and
mix. Store|in a polyethylene flask.

4.7.5 Aluminium , 1 000 pg/ml.

Dissolve 1,000 0 g of high-purity aluminium metal inc20 ml of hydrochloric acid (4.5) in a covered tall{fform beaker.
Add about 4 drops of nitric acid (4.6). When dissglution is complete, add about 20 ml of water and hgat to liberate
oxides of pitrogen. Cool and transfer to a 1 000 «nbone-mark volumetric flask, dilute to volume with watg¢r and mix.

4.7.6 Titgnium , 1 000 pg/ml.

Dissolve 1,000 0 g of high-purity titanium metal in 100 ml of hydrochloric acid (4.5) in a covered tallform beaker
with heating. When dissolution is-eomplete, cool, transfer to a 1 000 ml one-mark volumetric flask, dildte to volume
with hydrogchloric acid (4.5) and-mix.

4.7.7 Calcium, 1 000 pghml.

Dry approgimately, 40,g of calcium carbonate (CaCO;) at 110 °C until a constant mass is reached and cool in a
desiccator} Dissolve 2,497 2 g in 20 ml of hydrochloric acid (4.5) in a covered tall-form beaker with hgating. When
dissolutionfis complete, cool, transfer to a 1 000 ml one-mark volumetric flask, dilute to volume with water gnd mix.

4.8 Calibration and reference solutions

Calibration solutions are defined as the solutions required for plotting the calibration graphs of the elements
analysed. Their concentration ranges in solution, expressed in micrograms per millilitre, are determined with
reference to the performance parameter values and the linearity response of the instrument. A minimum of
10 solutions is necessary to cover the concentration ranges given in table 1. For test samples having narrower
concentration ranges, calibration solutions must be prepared to cover the region of interest. If the element
concentration in solution exceeds 5 000 x detection limit (DL), a separate calibration graph must be prepared to
cover the range.
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In the case of non-linearity, either a less sensitive line is to be used or appropriate dilutions of sample and
calibration solutions is to be carried out.

NOTE For the suggested lines shown in table 2, the calibration solutions prepared as recommended in annex C will be in
agreement with the performance test figures.

To comply with the requirements of similarity between the test sample and the calibration solutions, iron, flux and
acids must be added (see note 1 to table in annex C). For each calibration solution, the procedure recommended in
7.4.1 is followed, replacing the test sample with the equivalent amount of iron oxide (4.1). Prior to the final dilution to
200 ml, the stock solutions and hydrochloric acid (4.5) are added in sufficient amounts to retain the final acid
concentration (40 ml of 1 + 1) suggested in annex C.

In addition, tf epared from
reagents take¢n from the same containers, to minimize purlty differences between batches

5 Apparajus
Ordinary labpratory equipment, including one-mark pipettes and one-mark volumetric flasks complying with the
specificationg of ISO 648 and 1SO 1042 respectively, and

5.1 Analyti¢al balance , capable of weighing to the nearest 0,000 1 g.

5.2 Platinum or suitable platinum-alloy crucibles , having a minimum volume of 40 ml.

5.3 Bunsern burner , having appropriate fuel/oxidant ratio to,provide a minimum temperature of 500 °C.
5.4 Muffle furnace , to provide a minimum temperature of 1 020 °C.

5.5 Combined hotplate-magnetic stirrer

5.6 Stirring|bars , PTFE-coated, 26, mim long.

5.7 ICP spg¢ctrometer .

Any conventional ICP spéectrometer may be used, provided that the instrument has been initially set up a¢cording to
the manufacfurer's recommendations and that it complies with the performance test (7.4.2.2) carried out prior to the
measuremerts.

Suggested analy significant
interferences from the matrix eIements but they must be carefully evaluated for spectral mterference background
and ionization prior to their adoption. Failure to attain the recommended performance parameters may indicate an
interference.

For the analysis of samples having concentrations in the BEC region or lower, as defined in table 3, careful
assessment of the need for background correction for the particular line chosen is recommended prior to calibration
and analysis.
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Table 2 — Suggested analytical lines
Wavelength
Element nm

Al 396,15 or 308,22

Ca 393,36 or 317,93

Mg 279,55 or 279,08

Mn 257,61

P 178,291

Si 251,61 or 288,16

T 334-894-6+-33632

1) Check and correct if necessary for interference by Mn.

6 Sampling and samples
6.1 Laboratory sample
For analysis, use a laboratory sample of minus 100 pm particle size which~has been taken in acc
ISO 3081 |or ISO 3082 and prepared in accordance with 1SO 3082 @r\ISO 3083. In the case of
significant|contents of combined water or oxidizable compounds, use a‘particle size of minus 160 pum.

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

6.2 Prey
Thoroughl

is represe
ISO 7764.

7 Proce

7.1 Nun

Carry out the analysis at leastiin duplicate in accordance with annex B, independently, on one predried tes

NOTE T
result(s). F
the same o

aration of predried test samples
y mix the laboratory sample and, taking multiple increments, extract a test sample in such a

htative of the whole contents of the caontainer. Dry the test sample at 105 °C £ 2 °C in acg
(This is the predried test sample.)

rdure

ber of determinations

he expression “independently” means that the second and any subsequent result is not affected b
br the particdlar analytical method, this condition implies that the repetition of the procedure is carrie
beratorsat a different time, or by a different operator, including appropriate recalibration in either case.

prdance with
ores having

(764.

hanner that it
ordance with

t sample.

the previous
0 out either by

7.2 Test portion

Taking several increments, weigh, to the nearest 0,000 2 g, approximately 0,59 of the predried test sample
obtained in accordance with 6.2.

NOTE Th

e test portion should be taken and weighed quickly to avoid reabsorption of moisture.

7.3 Blank test and check test

In each run, one blank test and one analysis of a certified reference material of the same type of ore shall be carried
out in parallel with the analysis of the ore sample(s) under the same conditions. A predried test sample of the
certified reference material shall be prepared as specified in 6.2.
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For the blank test, the equivalent amount of pure iron oxide (4.1) shall be used in place of the test sample.

NOTE The certified reference material should be of the same type as the sample to be analysed and the properties of the two
materials should be sufficiently similar to ensure that in either case no significant changes in the analytical procedure become
necessary. Where a certified reference material is not available, a reference material may be used (see 8.4.4).

Where the analysis is carried out on several samples at the same time, the blank value may be represented by one
test, provided that the procedure is the same and the reagents used are from the same reagent bottles.

Where the analysis is carried out on several samples of the same type of ore at the same time, the analytical value

of one certified reference material may be used.

7.4 Detern
7.4.1 Decorn

Add 0,8 g of

hination
hposition of the test portion

sodium carbonate (4.2) to a platinum or suitable platinum-alloy crucible (5.2), transfer the t

(see 7.2) to fhe crucible and mix well using a platinum or stainless-steel rod. Add 0,4 g of sodium tetrab

and repeat th

NOTE 1 The

e mixing using the metal rod. Pre-fuse the mixture to homogenize it.

pre-fusion step may be carried out using a bunsen burner having a metallic holder to provide manu

The crucible t¢mperature at this stage should reach the range 350 °C to 450 °C (slightly ‘dull red heat). The mixture

2 min to 3 min|

After the pre
gently swirl {
place the cry
30 ml of wat

without effervescence, and is completely fluid and ready for high tempetature fusion within 5 min.

st portion
prate (4.3)

Bl agitation.
melts within

he melt as it solidifies. Allow to cool, then place a PTEE-coated stirring bar (5.6) in the ¢

cible and

fusion, place the crucible in a muffle furnace (5.4) set at 1.020 °C for 15 min. Remove the C,:dele and

cible in a 250 ml low-form beaker. Add 40 ml of hydrochloric acid (4.5), directly into the cr
br, into the beaker; cover and heat with stirring onxa.magnetic stirrer-hotplate (5.5) until dis

cible, and
solution of

the melt is cqmplete.

NOTES

2 The tempefature of the recovery solution should be kept.at approximately 70 °C.

3 Continuoug manual swirling is acceptable as an alternative to magnetic stirring.

Remove ang one-mark

volumetric flg

rinse the crucible and stirrer> Cool the solution and immediately transfer to a 200 mi
sk. Dilute to volume with water and mix. (This is the test solution.)

NOTES

4 The imme
reprecipitation|

iate transfer of the~secovered solution to the 200 ml volumetric flask and the making up to volume prevent

5 The recomimended dilution to 200 ml provides element concentrations in solution compatible with the perfofmance test
table 3sHigher dilution rates may be required to cope with instrument linear response at the high cq
situations, the calibration solutions are diluted in the same proportions.

ncentration

acceptable,

7.4.2 Adjustment of spectrometer
7.4.2.1 General

The ICP spectrometer (5.7) shall be initially adjusted according to the manufacturer's recommendations and
laboratory practice for quantitative analysis.

7.4.2.2 Performance test

The performance test is devised with the purpose of evaluating the ICP performance parameters, to enable all types
of spectrometers to perform in equivalent conditions, allowing direct comparison of the data generated.
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The test is based on the determination of the following three parameters:

— detection limit (DL);

— background equivalent concentration (BEC);

— short-

term precision (RSDN,i,)-

The definitions of these terms and the procedure for their evaluation are given in annex A.

The procedure shall be carried out as many times as necessary, with the optimization of the instrument parameters
after each round, unt|I the flgures obtalned are lower than those g|ven in table 3. For elements present in the sample

solutions §

and the ta

7.4.3 Me
743.1 G

Aspirate t
Aspirate W
readings.

NOTE Af
this case, p

7432 T
Immediatsg

certified rg
each mea

get values are lower than those given in table 3 for RSDN i,

Table 3 — Recommended performance parameters

DL BEC RSDNyin
Element ug/m ug/m %
Al 0,04 2,46 0,87
Ca 0,02 1,04 1,04
Mg 0,03 0,38 0,75
Mn 0,01 0,29 0,89
P 0,07 2,15 1,04
Si 0,07 2,67 0,95
Ti 0,01 0,24 0,78
hsurements

alibration solutions

ater between each solution and repeat the measurements at least twice. Take the averag

ter initial calibration has(beén established, a two-point recalibration procedure can be used for routi
roceed in accordance ‘with 8.3.

bst solutions
ly after aSpiration of the calibration solutions, commence running the first test solution, fol

ferencesmaterial (CRM). Continue aspirating test solutions and CRMs alternately. Aspirate w
surement. This procedure should preferably be repeated at least twice.

e assessed,

e calibration solutions in order-of-increasing concentration, starting with the zero calibrgtion solution.

e of the two

ne analysis. In

owed by the
ater between

8 Calculation of results

8.1 Calibration graph

Prepare a calibration graph by plotting the intensity values obtained from the calibration solution against its

equivalent

element concentration.

Read the intensity values for the test solution and obtain their respective concentration values from calibration

graphs.
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NOTES
1 |If spectrali

2 Calibration

nterferences are found to exist, corrections have to be carried out in accordance with 8.2.

graphs are preferably obtained using statistical procedures (e.g.

©1SO

least squares). Computer-assisted

spectrometers usually incorporate such a facility. Correlation coefficients and root mean square (RMS) values obtained should
be within the laboratory acceptance criteria.

3 Calibration graph drift correction procedures may be used, provided that they are carried out in accordance with 8.3
immediately before analysis of the test solutions.

8.2 Correction of spectral interference

A correction
is described

Plot a calibr

method for spectral interferences by using synthetic standard solution is recommended. The
below.

htion graph by using binary (iron plus flux and an analyte) synthetic solution séries for t

procedure

he analyte

interfered element (named "/"). Suggested calibration solutions (annex C) may be used-as long ag they are
prepared as [ndependent sets of binaries.
Using the chlibration graph for the analyte, determine the apparent content ef-possible interfering element
(named "j") fpr the analyte (named "/") by measuring the intensity of binary (iron plUs flux and interfering element
named "j") synthetic solution series.
The relationghip between actual content of interfering element (x;) and apparent content of interfering element (x;;)
is calculated |by the least-squares method.

Xj =lj | +b . (1)
where

I,-j is the coefficient of spectral interference of element (j) for analyte (/) under examination;

b is alconstant (negligibly small).
The /; valueg are determined for all kinds of intetfering elements for analyte (/).
Being corrected by the interference factar, the actual content of the analyte is calculated as follows:
each element content, expressed. as a percentage by mass, is given by the following equation:

xi:ﬂioio)vx%—iwjlij .(2)
or for V=200 ml,

x; = (pq~ pg) 200 100 L= (P1=P0) <. L 3

10 m £ 77 50m L T

where

X; is the element (analyte) content expressed as a percentage by mass;

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

p1 is the concentration, expressed in micrograms per millilitre, of the analyte in the test portion;

po is the concentration, expressed in micrograms per millilitre, of the analyte in the blank test;
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is the percentage by mass of the interfering element in the test portion;

is the coefficient of spectral interference of element (j) for analyte (/) under examination, expressed as a

percentage by mass, corresponding to 1 % of the interfering element;

is the final volume of calibration and test solutions (200 ml as recommended in 4.8 and 7.4).

Over-correction of spectral interference is not acceptable. The allowable maximum value for correction is about ten
times the repeatability of analyte content under examination. If the correction value is greater than this, the
correction for ICP analysis should not be applied.

NOTES

1 If there |s no interfering element, the term w; containing the percentage of interfering element in equation

zero.

J

2 For the $uggested final calibration solution volume V = 200 ml and no interfering element present, equation (2

X,':—

1~ Po
50m

8.3 Standardization of calibration graph (drift correction)

Periodic checking and correction of the calibration graph, if used, shall be-earried out as follows.

Take the

tyvo calibration solutions that correspond to the lowest and highest analyte content.

At the stage of plotting the calibration graph, measure the intensity of these two calibration solutions
the correction factors oz and 3 as follows:

o=

I_HIO_ILO
T
ol

i the initial intensity of the(most concentrated calibration solution;

i the initial intensity.of‘the least concentrated calibration solution;

7

ig the checked iatensity of the most concentrated calibration solution at a certain interval;

g the chegked intensity of the least concentrated calibration solution at a certain interval.

The measpred inténsity of the test solution shall be corrected using the correction factors « and §3, as
following gquation:

Ic =
where

le

/

2) is equal to

reduces to

hnd calculate

- (4)

.(5)

shown in the

a-1+p

is the corrected value of intensity;

is the measured value of intensity.

The same values for a and S shall be used until the next check is made.

. (6)
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1 The frequency of standardization depends upon the characteristics of each instrument. Generally, every 30 min or every
10 to 20 test samples, the calibration graph is checked by using the same calibration solutions.

2 The corrected value of intensity (I;) is used in determining the analyte content, and this calculation is generally
computerized.

8.4 General treatment of results

8.4.1 Repeatability and permissible tolerances

See annexed D and E.

Table 4 — Regression equations

Element o4 o Ry P

Al 0,005 1 X+ 0,004 5 0,0136 X+ 0,010 2 0,014 3 X+0,0125 0,0398 X+ 0,030 [L
Ca 0,007 4 X+ 0,008 5 0,009 6 X+ 0,021 7 0,020 7 X+ 0,023 8 0,035 8 X+ 0,059 b
Mg 0,021 8 X+ 0,000 1 0,007 2 0,061 0 X + 0,0Q0)2 0,0348 X+ 0,013 p
Mn 0,0155 X+ 0,002 7 0,028 9 X+ 0,001 6 0,043 4 X #0007 5 0,0871 X+ 0,010 B
A 0,009 7 X+ 0,000 8 0,004 1 X+ 0,003 7 0,027 2 X+ 0,002 2 0,0209 X+ 0,010 p
Si 0,0020 X+0,014 4 0,064 6 0,005'5' X + 0,040 3 0,177 6

Ti 0,007 6 X+ 0,000 8 0,012 4 X+ 0,003 2 0021 3 X+ 0,002 4 0,035 6 X+ 0,009 4

X ip the concentration of element in the sample;
o4 ip the independent duplicate standard deviation;
o, ip the between-laboratories standard deviation,
Ry ip the independent duplicate limit;

P ip the permissible tolerance between laboratories.

8.4.2 Determination of analytical result

Having computed the independent(duplicate results according to equation (2), compare them with the independent
duplicate limit (R), using the preceédure given in annex B, and obtain the final laboratory result u (see 8.4{5).

8.4.3 Betwgen-laboratories-precision

Between-labpratories:precision is used to determine the agreement between the final results reportpd by two
laboratories. [The.assumption is that both laboratories followed the same procedure described in 8.4.2.

Compute thelfelowing-guantity:
Myt Ho
12 =5 SN
2
where

U, is the final result reported by laboratory 1;
U, is the final result reported by laboratory 2;

My o is the mean of final results.

10
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Substitute u; , for X in the final column of table 4 and calculate P.

If |uq — 15| < P, the final results are in agreement.

8.4.4 Check for trueness

The trueness of the analytical method shall be checked by applying it to a certified reference material (CRM) or a
reference material (RM) (see note in 7.3). Calculate the analytical result (1) for the RM/CRM using the calculation
procedures and compare it with the certified or reference value A.. There are two possibilities:

a) |u.— Al = C inwhich case the difference between the reported result and the certified/reference value is
statistically insignificant;

b) |u.—RAl>C inwhich case the difference between the reported result and the certified/refergnce value is
statistically significant;

where
Uc i9 the final result for the CRM/RM,;

i the certified/reference value for the CRM/RM,;

C ig avalue dependent on the type of CRM/RM used.

NOTE 1 ertified reference materials used for this purpose should be’ prepared and certified in ac¢ordance with
ISO Guide B5:1989, Certification of reference materials — General and statistical principles.

For a CRM certified by an interlaboratory test programme

0. o2 2
w+—4+V(A-)D ... (8)
n |

O
1
N

where
V(A.) is the variance of the certifiedvalue A. (= 0 for a CRM certified by only one laboratory);
n is the number of replicate determinations carried out on the CRM/RM.

NOTE 2 This type of CRM should be)avoided unless it is known to have an unbiased certified value.

Acceptande of analytical results for each test sample depends on the acceptance of trueness for the cprresponding
CRM or RM run immediately after each test solution. Should the CRM or RM result not pass the trueness test, the
related tegt sample result is not acceptable and the entire analytical procedure shall be repeated| for this test
sample.

8.4.5 Calculation of final result

The final result is the arithmetic mean of the acceptable analytical values for the test sample, or as otherwise
determined by the operations specified in annex B, calculated to five decimal places for contents less than
1 % (m/m) and rounded off to the third decimal place as follows:

a) if the figure in the fifth decimal place is less than 5, it is discarded and the figure in the fourth decimal place is
kept unchanged;

b) if the figure in the fifth decimal place is 5 and there is a figure other than 0 in the sixth decimal place, or if the
figure in the fifth decimal place is greater than 5, the figure in the fourth decimal place is increased by one;

c) if the figure in the fifth decimal place is 5 and the figure 0 is in the sixth decimal place, the 5 is discarded and

the figure in the fourth decimal place is kept unchanged if itis 0, 2, 4, 6 or 8 and is increased by one ifitis 1, 3, 5, 7
or9.

11
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For contents greater than 1 % (m/m), the result should be calculated to four decimal places and rounded off to the
second decimal place.

8.5 Oxide factors

Oxide concentrations may be obtained by multiplying the element concentrations by the factors given in table 5.

Table 5 — Factors for conversion of element contents to oxide contents

Element Oxide Conversion factor
Al AT,O, 1,8895
Ca CaO 1,399 2
Mg MgO 1,658 3
Mn MnO 1,2912
P P,Ox 2,291 4
Si SiO, 2,139 3
Ti TiO, 1,668 3

9 Testrej

The test repd

a)
b)
c)
d)
e)
f)

9)
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Annex A
(normative)

Plasma spectrometer performance tests

A.1 Purpose

The perfopmance S = the plasma
ter performance regardless of the type of mstrument but aIIOW|ng for the dlfferent operatl g conditions
required fpr each particular instrument in use, ultimately leading to compatible results generate¢l by plasma

The wholsg
concentra

procedure envisages the control of three basic parameters: detection limit (DL),-background equivalent
ion (BEC) and short-term precision (RSDN).

NOTE Fdr elements present in sample solution at concentrations higher than 5 000 x DL;the RSDN is the only performance
parameter fo be assessed.

The elemgnts to be investigated shall be those given in table A.1.

Table A.1 — Suggested analytical lines andtheir estimated
detection limit

Wavelength DL
Element @h ug/ml
Al 396,15/308,22 0,03
Ca 393,36 0,001
Ca 317,930 0,04
Mg 279,081 0,1
Mg 279,55 0,008
Mn 257,61 0,01
P 178,29 0,1
Si 251,61/288,16 0,07
Ti 336,1 0,006
1) Less sensitive lines for higher contents.

A.2 Definitions

For the purposes of this International Standard the following definitions apply.

A.2.1 detection limit (DL): Minimum concentration at which the signal that an element generates can be
positively recognized above any spurious background signals with a specified degree of certainty; alternatively, the

element concentration that produces a signal three times the background standard deviation at the background
levels.

13
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A.2.2 background equivalent concentration (BEC):
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signal equal to the intensity of the background; it is a measure of the sensitivity for a given wavelength.

A.2.3 short-term precision (RSDN):

predetermined conditions.

A.3 Reference solutions

©1SO

Concentration of the analyte that yields a net intensity

Relative standard deviation of a series of instrument readings taken at

Three reference solutions containing 4 000 pg/ml of sodium carbonate, 2 000 pg/ml of sodium tetraborate,

1 750 pg/mi
0 x DL (blani

DL values fo
values given

NOTE For
volumetric flag

concentrated
previously con

A.4 Procd
This procedy
The plasma
laboratory pr

for the other

Calculate the

M=¢C,
where

M isth

C, isth

limid;

I isth

lp isth

of iron, in 10 % (V/\/) hydrachloric acid and all the elements to be investigated at concentrs

tion levels

), 10 x DL, and 1 000 x DL should be prepared.

I the preparation of reference solutions may be either laboratory established figures or the
in table A.1.

pach order of magnitude, the respective increments in concentration for each element are added f
k. Alternatively, a stock solution containing all seven elements at a concentration-twice that required {
olution should be prepared; from that, ten-fold dilution aliquots are added te the flux, iron and ad|
tained in each of the three volumetric flasks.

rdure

re shall be carried out for each element investigated.

spectrometer shall be initially adjusted according to the manufacturer's recommendatiory
Actice for quantitative analysis. Aspirate the blank'and take 10 intensity readings. Repeat the

fwo reference solutions.

slopes of the analytical graphs using the-equation:

(I = 1y)

e slope of analytical graph;

e concentration_6fthe second reference solution, one degree of magnitude higher than the

e average of 10 gross intensity readings of the second reference solution;

e average of 10 intensity readings of blank solution.

estimated

b the same
or the most
d solutions

s and the
operation

. (A)

detection

Determine th

e DL irom the equation

DL = BSbM

where

DL is the detection limit, in micrograms per millilitre;

S, Isth

14
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Calculate the BEC from the equation
BEC = M(l,) ... (A3)
where BEC is the background equivalent concentration, in micrograms per millilitre.

Calculate for reference solution 3 the net average intensity (IN;) determined from the difference of the gross
average intensity (/3) and the average blank intensity /), i.e.

INg = Iy — I ... (A4)

where IN; is the net average intensity for solution 3 (100 x DL).

The RSDN,,, is estimated from reference solution 3 containing the elements present atthe ¢oncentration
1000 x DL.

Calculate the relative standard deviation of the net intensity for reference solution 3 (1 000/x DL).

2 2
Sz +S
rsDN = V3 *Sh) 4 ... (AB)
IN;

min ~

where s, Is the standard deviation of the 10 intensity readings for refereneedsolution 3.
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Annex B
(normative)

Flowsheet of the procedure for the acceptance of analytical values for test
samples

Start with independent duplicate results

_ X1+t X2

_ X+ X+ Xy
#= 3

| One more determination |

X+ X+ X3+ Xy,
/uff

u = Median (x 7 xn X3, X4)
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Annex D
(informative)

©1SO

The equations in 8.4.1 were derived from the results of international trials carried out in 1993/1994 on eight iron ore
samples, involving eight laboratories in two countries.

Graphical tre]
The test sam

NOTES

1 Areport of
1984) is availg

2 The statist

atment of the precision data is given in annex E.

ples are listed in table D.1.

the international trials and a statistical analysis of the results (Documents ISO/TC 102/SC 2 N 1213,
ble from either the Secretariat of ISO/TC 102/SC 2 or the Secretariat of ISO/TC 102.

cal analysis was performed in accordance with the principles embodied.in\1SO 5725:1986, Preci

September

ion of test

methods — Determination of repeatability and reproducibility for a standard test methodyby inter-laboratory tests. (Revised in
1994 and published in parts 1, 2, 3, 4, 5 and 6.)
Table D.1 — Element contents of test:.samples
Eletment content
Sample % (m/m)
Al Ca Ng Mn P Si Ti
Schefferyille 0,515 0,029 0,021 0,791 0,055 3,780 0,026
Euro starpdard 678-1 0,277 3,995 0,583 0,076 1,612 1,735 0,131
Andalussa 0,773 4,087 0,270 1,725 0,011 2,684 0,034
Carol Lake 0,068 0,358 0,218 0,115 0,006 2,004 0,013
Aglorundp Hemantitowo 0,748 0,234 0,175 0,032 0,025 9,418 0,033
IRSID 60p-1 2,257 6,870 1,921 0,456 0,608 7,841 —
Geothite material 3,401 0,003 0,009 0,016 0,178 0,444 0,175
Titaniferdus Itabirite 2,445 0,007 0,014 0,011 0342 | 0,544 0j134
material
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