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Foreword

[SO (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.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
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Iron

ores — Determination of various elements by X-ray

fluorescence spectrometry —

Part 2:
Single element calibration procedure

WARNII
documd
respons
determi

NG — This document can involve hazardous materials, operations and equipme
nt does not purport to address all of the safety problems associated with its)use.
ibility of the user of this document to establish appropriate health and saféty pract
Ine the applicability of regulatory limitations prior to use.

1 Scope

This do
various

2 Noi

The folld
require|
the lates

[SO 648
[SO 1041

fument sets out a wavelength dispersive X-ray fluorescence proecedure for the determir
blements in iron ores. The method is applicable to iron ores regardless of mineralogical typ

‘mative references

hents of this document. For dated reference, only the edition cited applies. For undated ref
t edition of the referenced document (including.dity amendments) applies.

Laboratory glassware — Single-volume pipettes

P, Laboratory glassware — One-mark voltimetric flasks

ISO 2596, Iron ores — Determination of hygréscopic moisture in analytical samples — Gravimetric, Kaj

and mas,
SO 308
SO 369¢
ISO 7764
[SO 865!
SO 1131

K-loss methods

P, Iron ores — Sampling andsample preparation procedures

b, Water for analytical labaratory use — Specification and test methods
L, [ron ores — Prepatation of predried test samples for chemical analysis
b-2, Piston-operated volumetric apparatus — Part 2: Pipettes

3, Iron oreyand direct reduced iron — Vocabulary

nt. This
It is the
ces and

ation of

h

wing documents are referred to in the text in such a;way that some of all of their content constitutes

erences,

| Fischer

3 Tellms and definitions

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

ISO and
— ISO

[EC maintain terminology databases for use in standardization at the following addresses.

Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/
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4 Principle

The glass discs for X-ray fluorescence measurement are prepared by incorporating the test portion of the
iron ore sample, via fusion, into a borate glass disc using a casting procedure. By using a fused glass disc,
particle size effects are eliminated. Sodium nitrate may be added to the flux to ensure complete oxidation
of all components, particularly iron and sulfur. Any of four methods for glass disc preparation may be used:
three use lithium borate as flux; the other uses sodium borate.

X-ray fluorescence measurements are based on the “line only” principle. If desired, backgrounds can be
measured to obtain net line intensities. This method is applicable to data from simultaneous and sequential
X-ray fluorescence spectrometers.

This mefhod relies on measuring all components of the sample, other than volatiles. [T some compotjents are
not meagured, errors will result in the measured components (see 8.5.2).

Results are obtained after matrix corrections for inter-element effects.

5 Reagents and materials

During analysis, only reagents of recognized high purity, and only grade 2 water’as specified in ISO 3696
shall be used.

Where rleagents have been ignited, they shall be stored during cooling in a desiccator and weighed as soon
as possible.

5.1 Silicon dioxide, (SiO,), nominally 99,999 % SiO,.

The silidon dioxide shall contain less than 3 pg/g of each of the other elements listed in Table 1. It|shall be
heated tp 1 000 °C in a platinum crucible for a minimum-ef2 h and cooled in a desiccator.

5.2 Aluminium oxide, (Al,05), analytical reagent{grade, o form.

If the a|form is used, it shall be heated to 1000 °C in a platinum crucible for a minimum of 2 |h. If the
aluminigim oxide is not the a form, it shall be:eonverted to the a form by heating to 1 250 °C in a platinum
crucible|for a minimum of 2 h. It shall be,eooled in a desiccator and weighed as soon as it is cooled.

5.3 Iron(III) oxide, (Fe,05), purity:of 99,995 % or more Fe,05.

The iror{(Ill) oxide shall containldess than 3 pg/g of each of the other elements listed in Table 1. It|shall be
heated gt 1 000 °C in a platinum crucible for a minimum of 1 h and cooled in a desiccator.

5.4 Titanium dioxide;(TiO,).

Analytidal grade titanium dioxide shall be heated at 1 000 °C in a platinum crucible for a minimum off 1 h and
cooled in a desiceator.

Phosphdrus‘is'a common impurity in TiO, and a reagent low in phosphorus shall be selected. The [selected
reagent shall be checked, as even nominally high-purity reagents can he significantly contaminated, e.g. a

supposed 99,99 % TiO, grade reagent has been found to contain about 0,5 % P,0s.

5.5 Potassium dihydrogen orthophosphate solution, (KH,PO0,).

Potassium dihydrogen orthophosphate KH,PO, of purity 99,0 % or more shall be dried at 105 °C for 1 h
and cooled in a desiccator. 3,481 g of the dried potassium dihydrogen orthophosphate shall be dissolved
in 100 ml water in a volumetric flask. One ml of this solution contains 7,92 mg phosphorous and 10,0 mg
potassium.

© IS0 2024 - All rights reserved
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5.6 Calcium carbonate, (CaCO5;).

Analytical grade calcium carbonate shall be dried at 105 °C for 1 h and cooled in a desiccator.

5.7 Manganese (II) sulfate hydrate solution, (MnSO,-5H,0).

8,777 (= 5,497 + 5 x 0,656) g of manganese sulfate hydrate MnSO,-5H,0 of purity 99 % or more shall be
dissolved in 100 ml water in a volumetric flask. Manganese sulfate monohydrate (MnSO,-H,0) may be
used as an alternative reagent of purity 99 % or more and 6,153 (= 5,497 + 0,656) g of the reagent shall be
dissolved in 100 ml water in a volumetric flask. One millilitre of the solution contains manganese 20,0 mg
and sulfur 11,67 mg.

5.8 Magnesium nitrate hexahydrate, [Mg(NO),-6H,0], purity of 99,0 % or more.

59 1000 mg/l element standards for V, Cr, Co, Ni, Cu, Zn, As, Pb and Ba.

Single element standard water solutions with 1 000 mg/1 concentration and 0,5 to 6 %"efnitric acid shall be
used. It {s recommended to use commercially available standards. When standard solutions are prepared in
the labotatory, 1,000 g of pure metal (99,99 % or more) shall be dissolved in diluted nitric acid. Water shall
be addedl to this solution such that the prepared standard solution is 1 000 ml.

For the ptandard water solution for Cr, a solution of potassium dichromate solution (K,Cr,0-) with nitric
acid may be used.

5.10 Sddium nitrate, (NaNO;).

Analytidal grade sodium nitrate shall be dried at 105 °C for L hand cooled in a desiccator.

5.11 Ammonium iodide, (NH,I).

Laboratpry reagent grade ammonium iodide does not'need to be dried but shall be stored in a desicgator.

5.12 Desiccant.

The desiccant shall be freshly regeneratédjself-indicating silica gel.
5.13 Flpx.

5.13.1 General

One of fluxes from Flux-A7Flux B, Flux C or Flux D, as described in 5.13.2, 5.13.3 and 5.13.4, shall be ujsed. The
levels of|contamination‘in the flux shall be checked (see 10.1). Because levels of contamination can vary from
batch to[batch, the same batch of flux shall be used for all discs (iron ore, blank and calibration) inyolved in
the batch of determinations.

5.13.2 FluxA and Flux D

Flux A and Flux D shall be prepared by fusion of a mixture of anhydrous lithium tetraborate (Li,B,0,) and
anhydrous lithium metaborate (LiBO,) using the procedure specified in Annex A. Flux shall be dried at
500 °C for a minimum of 4 h and stored in a desiccator.

5.13.3 FluxB

Flux B shall be prepared using sodium tetraborate using the procedure specified in Annex B. Flux shall be
dried at 500 °C for a minimum of 4 h and stored in a desiccator.

© IS0 2024 - All rights reserved
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5.13.4 FluxC

Flux C shall be prepared using lithium tetraborate using the procedure specified in Annex B. Flux shall be
dried at 500 °C for a minimum of 4 h and stored in a desiccator.

NOTE If this flux is used, sulfur will not be reported.

6 Apparatus

The sample may be fused with the flux in a crucible and then poured into a separate mould or, if an
appropriately shaped crucible is used, the fu51on may be carried out and the glass allowed to cool in the

slal o oo Laod = 2| P H £l 1
same Crgemre—rootmetoasS Wi 1.11 oottt Slaoo ISES o thHe-Same blblaLlL)’

A conventional electric furnace, high-frequency furnace, or a gas burner may be used for heatingsThere are
disc-making machines commercially available, and these may be used to fuse and cast the dis¢s:

A platinim lid may be used to cover the crucible if fusing in a furnace, but not if fusing ‘over a flame¢, as this
enhances sulfur loss.

Where 4 high-frequency furnace or a gas burner is used for heating, a check shalbbe made to detgrmine if
sulfur is|{lost during disc preparation. A mixture that contains 90 % Fe,05 and.10"% CaSO, shall be grepared
and usefl to prepare replicate discs using normal fusion times and times-of-twice and thrice normal. The
intensity of SKa from the discs should not vary by more than 2 % relative.

Single-vplume pipettes, one-mark volumetric flasks and piston pipettes to be used shall comply with
specifications of ISO 648, ISO 1042 and ISO 8655-2, respectively.

6.1 Analytical balance, capable of weighing to the nearest0,1 mg.

6.2 Crucible and mould.

The crugible and mould shall be made from a non-wetting platinum alloy. Either platinum/gold or platinum/
gold/rhadium alloys are suitable.

If more than one crucible or more than onelmould is used for casting, these crucibles or moulds shpll all be
used in the specimen preparation test in. Annex C. It is essential to use all of the crucibles or moulds in the
test des¢ribed in Annex C, as castingwessels can become distorted with use, giving the analytical qurface a
curvature that will result in error

Sometinpes, even undistorted.erucibles or moulds give curvatures unique to the particular crucible gr mould.

6.2.1 Crucible

Where the crucible_ is used for fusion only, it shall have sufficient capacity to hold the flux and sample
required for fusign,'Where the crucible is used as a mould as well as for fusion, it shall have a flat bgttom, to
enable production discs with minimum curvature.

6.2.2 Mould

Because the bottom of the disc is the analytical surface, the inside bottom surface of the mould shall be
flat and shall be polished regularly with approximately 3 um diamond paste to ensure that the glass disc
releases easily from the mould. To prevent deformation through repeated heating and cooling, the base shall
be greater than 2 mm thick. The mould shall have a flat bottom, to enable production of discs with minimum
curvature.

6.3 Electric furnace, capable of maintaining a temperature of at least 1 050 °C.

The furnace shall be capable of maintaining higher temperatures where it is to be used for converting Al,0,
to the a form (1 250 °C), or for preparing Flux A (1 100 °C).

© IS0 2024 - All rights reserved
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The furnace may be of a conventional type with heating elements, or may be a high-frequency furnace. The
furnace shall be cleaned regularly to prevent contamination of the samples.

6.4 Gas-oxygen burner.

Where fusions are made over a gas-oxygen flame, provision shall be made for oxygen enhancement of
the flame to minimize sulfur loss and crucible contamination. The temperature of the melt shall be in the
range 1 000 °C to 1 050 °C. The temperature shall be checked using an optical pyrometer while the crucible
contains several grams of flux. Alternatively, if an optical pyrometer is not available, about 3 g of potassium
sulfate (m.p. 1 069 °C) shall be put in an empty crucible and the flame adjusted so that it all just melts in the
open cruc1ble A gas burner may be used for heating the mould and it shall be adjusted so that the mould is a

? ad-theyptake of

iron from the glass 1nto the platlnum ware can result
6.5 De¢siccator.
6.6 Spatulas, non-magnetic, for weighing of the test portion and for mixing.

6.7 X-ray fluorescence spectrometer, of any wavelength dispersive,/vacuum (or helium) path,
simultaneous or sequential type, X-ray fluorescence spectrometer, provided that the instrument has been
checked

Performfance checks shall be carried out in accordance with the precision tests set out in Annex D,
accumuliating at least 2 x 107 counts for each measurement.

6.8 Ultrasonic bath, optional. It may be used to aid cleaning-of the platinum ware.

6.9 Cqoling device.

It is recommended that the mould and glass be coeled using an air jet. Commercial disc-making machines
use thismethod. A drawing of a suitable device is given in Annex [.

Whatever the method of cooling, it is vitalthat samples be treated identically, as the curvatuie of the

analyticpl surface of the disc depends onrthe rate of cooling.

7 Sampling and samples

7.1 L3boratory sample

For anallysis, laboratorysamples of =100 um particle size which has been taken and prepared in acqordance
with 1S(Q 3082 shall be-ised. In the case of ores having significant contents of combined water or oxidizable
compouhds, samples of particle size of =160 pm shall be used.

7.2 Preparation of test samples

7.2.1 General

Depending on the ore type, air-equilibrate test samples shall be prepared in accordance with either ISO 2596
in 7.2.2 or ISO 7764 in 7.2.3.

7.2.2 Method specified in ISO 2596
The method is applicable to all types of ores.

The laboratory samples shall be thoroughly mixed, and in multiple increments, a test sample shall be
extracted in such a manner that it is representative of the entire content in the container. The test sample
shall be brought into equilibrium with the laboratory atmosphere in accordance with ISO 2596.

© IS0 2024 - All rights reserved
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7.2.3 Method specified in ISO 7764

The method is not applicable to the following types of ores:

a) processed ores containing metallic iron;

b) natural or processed ores in which the sulfur content is higher than 0,2 %;

c) natural or processed ores in which the content of combined water is higher than 2,5 %.

The laboratory samples shall be thoroughly mixed and, multiple increments shall be taken, a test sample

shall be extracted in such a manner that it is representative of the whole contents of the container.

8 Prqgcedure
8.1 General
The congentration range covered for each of the component elements is given in Table1.
Table 1 — Range of application of the method
Concentration range for referee pur- C . .
Comppnent element poses oncentration r;nge for analysis
% 0
Fe 31to 72 31to72
Si 0,16 to 11,8 0,16 to 11,8
Ca 0,011to 13,7 0,011 to 13,7
Mn 0,016 to 2,0 0,016 to 2,0
Al 0,036 to 4,2 0,036 to 4,2
Ti 0,013 to 4,5 0,013 to 4,5
Mg 0,012 to 1,7 0,012to0 1,7
0,0013't0 0,6 0,0013t00,6
S 0/011'to 0,76 0,011t0 0,76
K 0,008 to 0,46 0,008 to 0,46
Vv 0,002 to 0,32 0,002 to 0,32
Cr — 0,006 to 0,067
Co — 0,006 to 0,023
Ni 0,008to 0,038 0,008to0 0,038
Cu 0,007 to 0,17 0,007 to 0,17
Zn 0,005 to 0,36 0,005 to0 0,36
As — 0,003t0 0,11
Pb — 0,001 to 0,23
Ba — 0,011 to 0,74

When the influence of absorption or spectral overlap by trace heavy elements to reporting elements is small
enough and can be ignored, those trace heavy elements can be omitted from measuring elements.

The applicable ranges for referee and non-referee methods are also to be determined based on results of
international trials.

The operator shall have demonstrated the ability to consistently make discs with high precision. This ability
shall be verified by carrying out the procedure given in Annex C.

The operator shall periodically test all moulds according to Annex C, because their shape can become
distorted with repeated use.

© IS0 2024 - All rights reserved
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In preparing discs, great care shall be taken to avoid contamination and, in particular, the crucible in which
the fusion is carried out shall be thoroughly cleaned prior to use (see 8.4.7).

8.2 Number of determinations

Carry out two analyses independently for duplicate fused discs prepared on different days in accordance
with Annex ] for each test sample (see 7.2).

8.3 Check analysis and blank test

In each run, one analysis of a certified reference material of the same type of ore shall be carried out in
parallel withtheamatysisof the ore samptetsjunder the same comditions— A test sampte of thetertified
referende material shall be prepared in the manner appropriate to the type of ore involved.

When analysis is carried out on several samples of the same ore type at the same time, the analytidal result
of one cgrtified reference material may be used.

When a hew reagent as for flux from a different bottle is used, it is recommended to measure a blank sample
to checlf the impurities and contamination due to sample preparation, before the analysis is carrigd out on
ore sample(s). The blank disc shall be prepared with 100 % Fe,05.

8.4 Preparation of discs

8.4.1 Weighing

Table 2 [shows the components used in making the glass discs® Provided that the proportions are kept
approximate to those given in Table 2, the masses can be varied to suit mould diameter. If a disc diameter
used differs from those given in Table 2, masses should be @djusted to be approximately proportionfal to the
area of the glass disc.

Table 2 — Masses-of specimen components

Component Typical masses Mass
g g
Disc diameter
32 mm 40 mm
Flux 6,80 3,52 to0 6,40 5,50 to 10,00
NaNO4 0,40 or 0 0,21t0 0,37 or 0 0,33 to 0,58 or (
Sgmple 0,66 0,35t0 0,60 0,55t0 0,94

The spegified masseshay be weighed as “catch” weights, recording the mass weighed to the nearesf 0,001 g
for the flux and sodium nitrate portions, and to the nearest 0,000 1 g for the test and calibration poftions. If
masses ised are‘higher than recommended, crystallization and segregation with consequent cradking are
likely toloccur.as the glass cools.

If desirgdi-ammonium iodide (5.11) can be used as a releasing agent. If added at this stage, no mpre than
0,01 g shall be added. Alternatively, a smaller amount may be added prior to casting (see 8.4.4). Exceeding
the recommended amount of releasing agent of ammonium iodide can introduce error in the titanium result
due to the overlap. IL$, interferes with TiKa.

Because the components are hygroscopic, they shall be weighed as soon as possible after reaching room
temperature following heating and without any undue delay between each weighing. Weighing may be made
directly into the crucible to be used in the fusion, or into a clean glass vial. Because of static effects, glass
vials are preferable to plastic. If a vial is used, care shall be taken to ensure complete transfer of the contents
into the fusion crucible.

© IS0 2024 - All rights reserved
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8.4.2 Mixing

Thoroughly mix the components in the crucible using a spatula or similar implement, taking care that no
material is lost. The mixing implement used should be free of sharp or pointed edges, in order to ensure that
the interior of the crucible is not damaged by scratching. Brush any fine material adhering to the mixing
implement back into the crucible. Gently tap the bottom of the crucible on the bench top to ensure that any
material adhering to the crucible wall, above the general level of the mixed components, is reincorporated
into the bulk of the mix.

It is imperative that the crucible be tapped gently on the bench top, as too severe an impact will result in
the loss of some of the finer material and possible deformation of the crucible. Care shall be taken to mix the
components thoroughly to aid reproducibility of disc preparation.

8.4.3 Fusion

For samples containing sulfur as sulfide, the fusion mixture is to be preoxidised by heating to 700 °C for
10 min prior to fusion. Place the crucible in the electric furnace (6.3) or on the gas-oxygen burner (6.4) at
a tempefature of 1 000 °C to 1 050 °C and maintain this temperature for 10 min. Atdeast once dufing this
period, 4fter the sample is dissolved, briefly swirl the mixture. While swirling, incorporate into the melt any
material that can be adhering to the sides of the crucible.

If a furnpce is used for heating, it can be necessary to remove the crucible from the furnace for the[purpose
of swirllng. When the furnace is opened, the temperature can drop. The“specified temperature [shall be
regained before the time period starts.

8.4.4 [asting
If ammopium iodide was not added as a release agent earlier,itthay be added to the melt just prior tg casting.
In this case, no more than 0,002 g shall be added. Casting.is then carried out by one of the following ethods.
a) Casting in the crucible.

If thie glass is to be cast in the crucible, remove the crucible from the furnace, place on a suitabl¢ cooling
device (6.9) and allow the glass to solidify:

b) Casting in a separate mould.

If thie glass is to be cast in a separate mould, the mould shall be pre-heated over a gas flame to [red heat
(900 °C to 1 050 °C). While themould is still hot, pour the melt into the mould from the crucible|Remove
the mould from the heat source and place it on the cooling device (6.9) and allow the glass to solidify.

NOTE Failure to ensure-that the mould is scrupulously clean prior to casting will result in discs sticking to the
mould ard possibly cracKing:

8.4.5 Visual inspection

Prior tostorage, discs shall be inspected visually, paying particular attention to the analytical surflace. The
discs shpll'not contain undissolved material, and shall be whole and free from crystallization, cracks and
bubbles. Defectivedistsshatt bere-fused imthe crucible, ordiscarded anmd substitute discs prepared.

8.4.6 Discstorage

As soon as possible (while the glass is still warm), transfer the discs to a desiccator so that absorption of
moisture and the possibility of contamination are minimized. When not being measured, discs shall be
stored in a clean desiccator.

To avoid contamination of the analytical surface, the specimen shall be handled by its edges and the surface
shall not be touched by hand or treated in any way. Specifically, it shall not be washed with water or other
solvents, ground or polished.

© IS0 2024 - All rights reserved
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If paper labels are used on the backs of discs, great care should be taken to ensure that the labels do not
contact the analytical surfaces of other discs. Paper labels are clay coated and readily cause contamination
by silicon and aluminium. For the same reason, paper envelopes should not be used to store the discs.

8.4.7

Cleaning of platinum ware

Although the crucible and mould are fabricated from an alloy that is not wetted by the glass, in order to
ensure absolute precision, they shall be cleaned between each fusion. Immersion in hot hydrochloric, citric
or acetic acid (approximately 2 M), for about 1 h is usually sufficient, but they should be inspected to ensure
that all residual glass has been removed.

A rapid meth .
in a small ultrasonic bath for about 1 min or until all residual glass is removed, then rinse the
distilled|water and dry before using.

An alter
clean th
crucible

If new p
will be
conditio

8.4.8

One disd from each test sample shall be prepared. At least one certified reference material, of the s3
e used in the test discs, shall be prepared. Prior to fusing test discs, crucibles should be th¢roughly
clean, particularly if the same crucibles were used to preparé-the calibration discs, some of which

as the ol

in trace

85 M

8.5.1

The ana

parameters (collimators and detectors) shall be selected according to the particular element.

Pl

hative method of cleaning is to fuse several grams of flux in the crucible, moving the melt a
e entire inner surface. The molten flux is then poured from the crucible. If a droplet adher
this can easily be flaked off when the crucible is cold.

atinum ware is used without pre-conditioning by the cleaning described-above, then the F
inreliable until conditioning occurs. New platinum ware can also release contaminants
hing.

Test discs

plements.
pasurement

General

ytical lines to be used and suggested operating conditions are given in Table 3. Other ins

Table 3 — Suggested analytical lines, crystals and operating conditions

he beaker

ould in

round to
bs to the

b results
without

me type

are high

trument

Compdnent ele- Line Voltage Crystal 2 Specific lipe
njent (see8.5.3) (see 8.5.4) (see 8.5.5) overlaps
kv (see 8.5.6)
Fe Ka 40to 80 LiF(200) or LiF(220) —
KB 40 to 80 LiF(200) or LiF(220) —
Si Ka 25to0 50 PE —
Ca Ka 25t0 50 LiF(200) or PE or Ge(111) —
At Ker 50-+6-80 LE2005 EKB
Al Ka 25to0 50 PE BaLa(3), CrKB(4)
Ti Ka 40 to 80 LiF(200) BaLa
Mg Ka 25to 50 T1AP or multi-layer —
P Ka 25t0 50 Ge(111) or PE —
S Ka 25t0 50 Ge(111) or PE CoKa(3), PbMa
K Ka 25to 50 LiF(200) —
\ Ka 50 to 80 LiF(200) TiKp, BaLf
a  The first crystal listed is preferred.
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Table 3 (continued)

Component ele- Line Voltage Crystal 2 Specific line
ment (see 8.5.3) (see 8.5.4) (see 8.5.5) overlaps
kv (see 8.5.6)
Cr Ka 50 to 80 LiF(200) VKB
Co Ka 50 to 80 LiF(200) FeKpB
Ni Ka 50 to 80 LiF(200) CoKp
Cu Ka 50 to 80 LiF(200) —
Zn Ka 50 to 80 LiF(200) —
S Ko S0 t080 Iil:‘(’)nn) Phl o
KB 50 to 80 LiF(200) —
Pb L1 50 to 80 LiF(200) <
Ma 25to 50 Ge(111) or PE FeKa(3)
Ba La 40to 80 LiF(200) TiKa
Lp1 40 to 80 LiF(200) TiKpB, VK¢
a2 The flirst crystal listed is preferred.

8.5.2

There afe various circumstances where all 19 elements will possibly net be determined. If a simu

instrum
probably

When cqnverting intensities to concentrations, the intensities are multiplied by the term (the matri
of absorjption and enhancement effects and this factor,xeceives contributions from all componen

sample,
method

Table 4 dhows the error, as a relative percentagej.for each analyte where there isa 1 % error in a con

The errqr can be not estimating a componeéntif it has a significant concentration. The calculations h

made fo

Table 4

exceeding a predetermined error.

Where s

to the infitial error, and if-mor'e than one component is in error, or omitted, the errors are additive.

The errdrs shown in{lable 4 have been calculated on the basis of matrix errors only. Overlap errors

risetoa

not progortionalte the concentration of the analyte. Overlap errors are more important for minor e
No atterppt hastbeen made to quantify these errors as they are dependent on instrument parame
Table 3 [lor possible line overlaps.

Effect of errors or omissions

ent is used, there will possibly not be analytical channels{for all elements. In plant cont

so if one or more components are not determined then all other components will be in e
then relies on the measurement of all compgnents of the sample.

" a typical iron ore.

can be used to estimate atiwhat level a minor element can be omitted from the analysis

mall errors are invelved in a component, the resulting errors to other components are propg

ditional errors. In such cases, the error to a component is an absolute concentration, i.e. thq

taneous
rol, it is

 not necessary to do all the minor elements. Where the sgurce material is constant and known, it is
probably unnecessary to do the minor elements on all samples;

X factor)
[s of the
ror. The

hponent.

hve been

without

ortional

can give

erroris
lements.
ters. See

Iron is the element required with high precision, and if 0,1 % Fe,05 is regarded as the maximum error that
can be tolerated then, using Table 4, it can be seen that the omission of measuring 250 ppm BaO will give
such an error. From Table 4, it can be seen that an error of 1 % in BaO gives a relative error of 2,97 % in
Fe,03, so that if the Fe,05 content of the ore is 90 % the resulting error due to 0,025 % BaO is calculated as

Formula (1):

0,02

5x2,97 x90/100 = 0,067 %
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8.5.3 Analytical lines

Line-only positions are measured. It is not necessary to measure background intensities, but if desired they
can be measured and net intensities recorded.

8.5.4 XRF generator settings

The voltage, in kilovolts, is not critical and normally with a simultaneous instrument will be set in the
range 40 kV to 60 kV. Where using a sequential instrument, it can be advantageous to use a low voltage
(40 kV) for the lighter elements and a higher voltage for the heavier elements. It should be noted that certain
spectrometers cannot be run at the highest voltage specified in Table 3, and it is not necessary to do so. If tube

operati

g conditions are changed during analysis, this can result in slight instability in the spec

rometer

output. pince Fe content is required to be determined with very high precision, Fe shall be meast

separatg

When XRF generators are powered up, it is common for the instrument to drift for some time, {
30 min o 60 min. Therefore, prior to measurement, the generator should be powered up‘and left to s

All meagurements shall be made under vacuum, using a detector (proportional ‘o5-scintillation

appropr
Sc/Mo,

particularly in the case where low concentrations are being determined. Where count rates are |

(e.g. FeK

In special circumstances (e.g. determining Cr or Mn using a Cr type tube), primary beam filters may
A filter yill be required to achieve low backgrounds for the determiination of Mn and Cr using a
X-ray tube.

run with constant tube conditions if conditions vary for the other elements.

ate to the wavelength being measured, and using specimen rotation f-available. A Cr, C
c/W or Rh target X-ray tube shall be used. It is recommended that puilse height selection

o or CaKa), either wide pulse height settings or no upper level shall'be used.

red in a

ypically
tabilize.

counter)
Ir/Au, Sc,
be used,
ery high

be used.
Lr target
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8.5.5 (Crystals

The crystals listed in Table 3 are those preferred for the measurements, particularly for sequential-type
instruments. Other crystals could, however, be used if these are not available. In the case of PKa, the Ge(111)
crystal is recommended because it does not give second-order wavelengths. If, however, this crystal is
unavailable, and a PE crystal is used, pulse height selection shall be used and the settings very carefully
selected, so that the possibility of interference from the second-order wavelength of CaKf is minimized.

8.5.6 Line overlaps

Relevant specific line overlaps are shown in Table 3. Note that certain well-known overlaps are not shown

since th

overlapping element is low in the materials under consideration

8.5.7

Coarsed

Collimators

r fine collimators can be used, but where there is the likelihood of line interference, a fine cda

should be used (e.g. in the determination of manganese using a chromium target,X-ray tube,

determi
interferg

Where d

hation of phosphorus using a PE crystal). In general, the fine collimatorwill give lower
bnces and BECs.

rystal fluorescence contributes significantly to BEC, it is also advisable to use a fine collim|

magnesium determinations using TIAP (thallium acid phthalate) crystal and,)Rh tube.

8.5.8

Where {
minimiz
reduce t

8.5.9

The sta
counts. |
the couj
manufad
required

The ded
The calil
element

Iron
Oth
For iron

The cou

Pulse height settings

here is interference from a second order line, narrow¢pulse height settings should be
e interference. Also, where crystal fluorescence contiibutes to background, it may be po
he BEC by using a narrower than normal pulse height-analyser window setting.

Counting time

hdard deviation of X-ray intensity can ‘be estimated by determining the square root
[his generally applies to relatively low<count rates (about 300 kc/s or lower). At higher cot
\ting statistical error is worse thati-calculated. Follow the recommendation of the ing
turer. The calculation procedure to obtain the counting time for an element to measur
| precision by counting statisties s described below.

jcated calibration curve forythe determination of counting time shall be obtained for each
bration is obtained from. the concentrations and X-ray intensities of two calibration samples

ke505 100 %
er than Irof~ Calibration standard sample of the element and blank (Fe,05 100 %)

background intensity is ignored to estimate counting time.

llimator
and the
overlap

ator, e.g.

used to
ssible to

of total
Int rates
trument
b with a

element.
for each

hting time of iron can be calculated by Formula (2):

T ={100%[1+atgege (5; +100)]}* /(7 x Iz )
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is the measuring time (s);
is the specified precision of analyte i (%);

is the intensity of Fe of Fe,05 100 % disc;

Ogere  is thealpha coefficient of Fe, 05 for Fe,05 analysis calculated using fundamental parameter

The number of 100 in Formula (2) is 100 % of Fe,053 concentration in Fe,03 100 % disc.

method.

For the ¢

A

1

The cou

Formula
conside
element
recomm

Annex H

8.5.10

Where yising simultaneous-type instruments, the manufacturer will supply crystals to determ

element

1 de =l =l - =l 1.1 b . b dnn - I | h ml 1 £
ITIIITIILS ULIICT UI1dIT IT UILL, LT CLAlIUT dtIUIT CUTLl vE WILITUUL CUTTTULIUIT IS UCTTIIITU d5 T'UL TTIUId | J)

Al - B;

is the concentration of analyte i (%);
is the X-ray intensity of analysing element i (c/s);
B; are the calibration coefficients of analyte i.

nting time to get the specified precision is obtained by Form(da (4).

1, (C;+B;) /s

is the measuring time (s);
is the concentration of analyte i (%);
is the specified precision of analyte’i (%).

| (4) represents the calculatien of counting time without background subtraction. It is necg
the statistical variation of-background intensity when background subtraction is perform

At high count rates,(the time T required shall be lengthened. Follow the manuf3
endations of the instrument.

describes examples of counting time calculation.

Simultaneeiis instruments

(3

(4)

ssary to
bd for an
icturer's

ne each

1o 2

Th 4| a1l 311 + Ph R N Latadi Tal
ese pUDDlUl_y wWIITUT " WIITTTUT TUT T TS PUITO TU TITO ST TISTCU TIT TdUTC ™ I

Likewise, there is no selection of collimators for simultaneous instruments. The slit size will be
predetermined by the manufacturer.

8.5.11 Sample holders

Sample holders for disc presentation shall be matched in accordance with the reproducibility test specified
in Annex D.
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8.5.12 Measurement sequence

To have a measurement sequence, it is important to pay attention to X-ray intensities measured by X-ray
fluorescence spectrometers that fluctuate over time. Drift correction (see 8.6) is required to eliminate the
influence of this effect on the analyses results.

8.6 Drift correction

Drift correction is performed by correcting X-ray intensities of ore samples with the drift correction
coefficients which are obtained by measuring monitor discs beforehand. Care shall be taken for the drift
correction of Fe, because high precision is especially required for the analysis of Fe.

8.6.1

Monitor
intensity

Preparation of drift correction monitor discs

discs should be prepared by adjusting the amount of reagents such that the fluoresce
F of iron is greater than the intensity corresponding to 60 % of iron (T. Fe) concentration

calibration, and such that the intensities of other components are greater than the intensities correg

to 80 %
exceed 1
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ncentration conditions don’t necessarily need to be met by a single dis¢: As long as all condif
acceptable to prepare multiple discs.

necessary that the monitor disc (or set of discs) be prepared tsing flux specified in this s
1x or matrices of the monitor disc (or set of discs) are acceptable as long as the intensiti
al elements and their homogeneity is guaranteed.

rents to add for elements including iron may be other«than those specified in Clause 5. As an

for the components, for which concentrations specified above are not satisfied, can be use
rion.

red that the monitor disc (or set of dis¢s) does not deteriorate over time due to X-ray rad
y. Soda glass and metal discs are examples of stable monitors and commercially available
y be used.

pration of the monitor disc (or sét of discs) cannot be avoided, determine the duration ov
ation is negligible and prepare-a new monitor disc (or set of discs) during this time for repla

ration of negligible change for discs prepared with a flux specified in this standard is already
ved to use this duration: If it is not known, determine the duration.

e two methods.ofdrift correction. The a method uses one monitor disc, whereas the o3 met

vell as sensitivity. The monitor disc described above shall be used in the a method and for
the aff tmethod. A blank disc (SiO, 100 %, Fe,05; 100 %) shall be used for the low disc i
Thisblank monitor disc should be different from the one used for setting up the calibratio
o 3‘method may be used for the drift correction.

nt X-ray
1 in iron
ponding
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tandard.
bs of the

example

ration, a mixture of produced iron ore with the @mount of “w” of laboratory specified nmpass and

d for the
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br which
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r known,
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o3 method using high intensity and low intensity monitors can correct the background intensity
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h the of
n. Either

If the monitor disc (or set of discs) 1S kKnown to change over time, prepare at least two discs (or set of discs)
and always keep one disc (or set of discs) for backup. The backup disc (or set of discs) should always be
stored in a desiccator. The monitor disc (or the set of discs) in use should also be stored in a desiccator
except for when being measured.
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8.6.2 Drift correction using monitor disc

8.6.2.1

Counting time of monitor disc

When the drift correction coefficients are updated, the X-ray intensity statistical variation of the monitor
disc measurement introduces error in the analysis result. To reduce statistical error due to drift correction,
the counting time of the monitor disc (or set of discs) shall be more than twice that of the samples.

8.6.2.2

Calculation of drift correction coefficient

Monitor discs shall be measured when calibration discs are measured for drift correction. The monitor disc

lntenslt“ ;D uocd ao thC I Cfcl CIILT ;utcuait_y. Ba\,}\uy lllUll;tUl d;DLD ohuu}d Cl}DU bC INICdadoul Cd at thc od e time.
Monitor|discs are measured just prior to sample analysis or after the spectrometer is started up-
The driff correction coefficient for a« method is determined as Formula (5).

o Mo, [/ My; (5)
where
My;| istheintensity of the monitor disc measured in calibration disc measturement (reference inftensity);
My;| is the intensity of monitor disc measured just prior to sample-analysis;
o; | 1isthe drift correction coefficient.
When the monitor disc needs to be replaced, measure the, néw monitor disc immediately after the drift
correctipn coefficient has been updated with the original monitor disc. The drift corrected intengity with
the new[monitor disc using the new drift correction coefficient is used as the new reference intensity.

Mon; =0y X My; (6)
where

Myy;  is the reference intensity of‘the new monitor disc;

My; is the measured intensity of the new monitor disc immediately after replacement.
Subsequlently, replace M,; with~My; and use the new monitor disc to determine the drift cgrrection
coefficignt.

The driff correction ceéfficients for the aff method are determined as Formula (7) and Formula (8);
o =(Moj —Mo) / (Myg —My,) (7)
Bi ={(M{rX Moy, = Mojuy X Myr,) / (M =My, ) = Mo — (0 XMy ) (8)
where
My is the initial intensity of the high monitor disc obtained at the time of calibration disc measure-

ment (reference intensity);

My;,  istheinitial intensity of the low monitor disc obtained at the time of calibration disc meas

(reference intensity);

My is the intensity of the high monitor disc just prior to sample analysis;
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My, is the intensity of the low monitor disc just prior to sample analysis;
o;, B; are the drift correction coefficients.

When a monitor disc needs to be replaced, measure the new monitor disc immediately after the drift
correction coefficients have been updated with the original monitor discs. The drift corrected intensity
with the new monitor disc is used as the new reference intensity.

Myn; =0 XMy; + B; 9

where

MyN;  is the reference intensity of the new monitor disc;
My; is the measured intensity of the new monitor disc immediately after replacement:

Subsequlently, replace My;; or My, with My; and use the new monitor disc to determiine drift cgrrection
coefficignts.

The software provided by the instrument manufacturer usually provides the functionality above toperform
drift corfrection.

8.6.2.3 | Calculation of drift corrected intensity

To calculate the corrected intensity I;. for each sample, use the néw)correction coefficient(s) determined in
the drift{ correction update as shown below.

The driff correction of a method is determined by Formula-{10).

IiC = OCI- X II 10)
where

[; is the intensity of the analysingsample before drift correction;

i, | isthe intensity of the analysing sample after drift correction.
The driff correction of aff methed is determined by Formula (11).

Lic 50 }1; + B; 11)
where

I; is thelintensity of the analysing sample before drift correction;

I is.the intensity of the analysing sample after drift correction.

The software provided by the instrument manufacturer usually provides the functionality above to perform
drift correction.

8.6.2.4 Time interval for updating drift correction coefficients

Measured X-ray intensities fluctuate over time. The X-ray intensity of iron should be measured with a high
precision. Therefore, it is necessary to analyse a given set of ore samples consecutively within a time period
over which the drift rate of X-ray intensity does not exceed the limit (0,1 % for iron, 1 % for other elements).
The time period over which the X-ray intensity drift rate does not exceed the limit shall be determined in
advance. For example, in the case in which the time period is 4 h, the drift correction coefficients should
be updated by measuring the monitor disc (or set of discs) again 4 h later in order to continue to analyse

© IS0 2024 - All rights reserved
18


https://standardsiso.com/api/?name=6c6e83b15c468c73ce495e0ef8779b1a

ISO/TS 9516-2:2024(en)

ore samples without error due to drift. The usable period of drift correction shall be determined based on
the period when the drift rates of X-ray intensities do not exceed the limit by measuring the monitor disc
(or set of discs) once every 30 min over a certain period of time. The high intensity monitor disc is used to
determine the time interval in case of the af method.

8.6.2.5 Determination of the usable duration for monitor discs

It is often the case that monitor discs deteriorate over time. Therefore, it is necessary to determine the
usable duration of monitor discs in advance. The backup discs shall also be used as reference discs in the
procedure below.

The procedures to determine the usable duration of monitor discs are as follows, and these procedures shall
be perfoirmed periodically (for example once per month) until the duration is determined.

a) Measure monitor disc(s) to update the drift correction coefficient(s).
b) Measure backup disc(s) to obtain the drift corrected intensity(s).

c) Caldulate the change rate of the drift corrected intensity over the original dnitensity of thg backup
morlitor disc obtained in 8.6.2.2 and determine if the calculated rate is less than the limit (0,1 %)]for iron,
1 %|for other elements). The high monitor disc is measured in case of a3 method.

d) When the calculated rate does not exceed the limit, the original disc is‘régarded as not deteriorpted.
e) When the calculated rate exceeds the limit, repeat steps from a) to 'd) above.

f)  When the calculated rate for the second time does not exceed the limit, the monitor disc is considered
not feteriorated.

g) When the second calculated rate exceeds the limit, the monitor disc shall be discarded becduse it is
congidered deteriorated. Then the backup monitor disc shall be used as the regular monitor digc and its
original intensity shall be registered as the reference intensity.

When tHe monitor disc is replaced with the backup*monitor disc in step g), a new backup monitor disc shall
be prepdred, and its X-ray intensity is measured:and the drift corrected intensity shall be recorded.

When a monitor disc is determined to be-deteriorated, the period from the initial use of the monitdr disc to
the last test with the result being within the limit for the procedure above shall be the usable duratjon.

The usaple duration for monitor disc(s) used for drift correction a or af3 method shall be determined
according to the procedures above. The low monitor disc for of method is sensitive to contamination, and
the driff corrected intensity(ofi the low monitor disc shall be examined. In case this monitor disc becomes
contaminated, the intensitydncreases and the drift corrected X-ray intensity of the backup monitor disc will
be lower than the originabintensity. If the intensity change due to contamination is significant, replace the
low monjitor disc witlpthe backup monitor disc.

9 Calgulation of results

9.1 Geéneral

Calculation of concentrations based on measured intensities is carried out using the calibration equation
with correction terms described below.

a) Correction for absorption and enhancement of X-rays by co-existing elements.

The alpha coefficient obtained by using either the fundamental parameter (FP) method or empirical
regression calculation for each element is used for the correction.

© IS0 2024 - All rights reserved
19


https://standardsiso.com/api/?name=6c6e83b15c468c73ce495e0ef8779b1a

ISO/TS 9516-2:2024(en)

b) Correction for the influence of loss and gain on ignition.

For samples containing combined water or carbonate iron compounds, preparation of fused discs can
cause evaporation of H,0 and CO, leading to loss on ignition. On the other hand, when iron is present as
Fe;0,4 iniron ore, iron is oxidized resulting in the development of gain on ignition and remains as Fe,05
in the fused disc. Accordingly, the total concentration of the sum of all components from the sample
does not add up to 100 %. The difference between 100 % and total concentration can be expressed as
loss or gain on ignition. The gain on ignition can be considered as negative loss of ignition. The influence
of loss on ignition and gain on ignition can be corrected using correction alphas obtained by using a
calculation model of alpha coefficients calculation in which the ignition loss is removed from correcting

com

ponents.

c) Corfection for sample, flux and oxidizer (remaining oxidizer) masses.

Masjs variations of sample, flux and remaining oxidizer in each fused disc affect the concent
elenpents in fused disc. The influence of mass variation is corrected using the actual masses obt:

each
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el with concentrations of interfering elements.

les for quantification.

blements in samples exist as oxides in fusion discs. Actual’forms of oxides shall be defir

D, are not defined, the compounds shall be registered-in advance. The composition formul
es for iron ore analysis are shown in Table 8. In addition, composition formula of flux to

,B40, and LiBO,. Preset the oxides and flux-in the analytical parameters of the software
es are utilized in quantification and mattix correction alpha calculation using the fund
imeter method.

libration equation

Ch element is contained as arvoxide in the fused disc, the concentrations as oxide compound
8 are used for quantification:

on for sample, flux @nd oxidizer (sodium nitrate) mass variations can be carried out |
X-ray fluorescénge spectrometer, since they yield practically equivalent quantitative re

samples with;the fusion method. The calibration Equation 2 [see Formula (15)] and Equati
(20)] can bederived from the basic equation of calibration Equation 1 [see Formula (12)].

Catibration method from Equation 1 to 3 according to the availability by the instrument sof

ration of
hined for

rrection

ed with
304 and
he of the
be used
imber of

and the
amental

s shown

by three

F correction equations. One of these equations shall be used depending on the software provided

sults for
n 3 [see

t the valués of correction alphas of components are the same for the three calibration methjods.

fware.

a) Calibration Equation 1

The general equation [see Formula (12)] is used for the calibration equation including correction for
sample, flux and oxidizer (sodium nitrate) mass and matrix correction except for the analysis of Fe,05.

C; =Al; (1+05;C; +X04;C; + Ky + g R + xRy ) —B; =X L;C

™ i~

where

C;  isthe concentration of analysing component i;
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; is the calibration slope;

[ is the drift corrected intensity of analysing element;
o;; isthe self-absorption alpha coefficient;

i 1s the alpha coefficient of correcting component j;

C;  isthe concentration of correcting component;

B;  isthe background equivalent coefficient (BEC);

The
op
req

ele
ovel
con
cortl

cory

Forinula (13) is used for the analysis of ixon,

CFe

whed

L;~ 1s the overlapping coefficient;

o;e  is the alpha coefficient of flux/sample mass ratio;

Rp  is the flux/sample mass ratio;

o;x  is the alpha coefficient of oxidizer/sample mass ratio;
Ry  is the remaining oxidizer/sample mass ratio;

Kxr 1is the mass ratio correction constant.

alpha coefficients obtained by the FP method are used for the foass ratio alpha coefficientg
and «;y. When mass ratio corrections of oxidizer/sampl¢ and remaining oxidizer/sample
ired, the terms from Ky in the parentheses are not used. The alpha coefficients a; for c

ents are calculated by the FP method or empiriéalregression. The calibration slope,
lapping coefficients are determined based on measured X-ray intensities of calibration d
fentrations of the discs by regression calculation using the equation above. The ab
ections using alpha coefficients o are appliedito all coexisting elements in the samples. Ove

ection is applied only to the elements for which correction is required.

= Apelre (1+ OpepeCre + 2 0feiC '+ K pe xF +Olpe FRE +0pe xRy )~ Bre
re
Cre is the iron.(Fe,03) concentration of analysing component;
Age is thegalibration slope of iron;
Ige istthe drift corrected X-ray intensity of iron;

Olpers is the self-absorption alpha coefficient;

of Kixp,
are not
existing
BEC and
iscs and
sorption
rlapping

13)

O, is the alpha coefficient of the other component j;
C; is the concentration of the other component j ;
Bre is the background equivalent coefficient (BEC) of iron;

Ofe F is the alpha coefficient of flux/sample mass ratio of iron;
Rg is the flux/sample mass ratio;

Ope x  isthe alpha coefficient of oxidizer/sample mass ratio of iron;
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Ry is the remaining oxidizer/sample mass ratio;

Krexr  is the mass ratio correction constant of iron.

If there is larger difference of flux/sample mass ratio of a disc with nominal mass ratio, some quantified
error can appear when gross intensity is used and the value of B; (BEC) is large. The next calibration

equation [see Formula (14])] with the term of B; corrected by mass ratios may be used.

b)

C; = Al (1+04C; +X0;C; + Ky +04pRp + xRy )—B; (1+Rp +Ry )-2L;C; (14)
where

Rg is the flux/sample mass ratio;

Ry is the product of (remaining oxidizer/sample mass ratio) and 100.

Calipration Equation 2

Remaining oxidizer Na,O is regarded as a component in sample for the correction of remainingloxidizer
to sample mass ratio in Formula (15).

Ci : Aili (1+OCI-I-CI- +ZOCUC] +KiF +OCiFRF +aNazocNa20 )_Bi _ZLUC] 15)

where Cy,,0 is the remaining oxidizer/sample mass ratio.
K;rland o can be given as follows;

%p =1/ Rgo 17)

where Ry, is the nominal flux/sample massTatio.

By dqubstituting these terms into Forfmitla (15), the term K is cleared and Formula (18) is deriyed.

a
I

i FA1; (1+0C; + X 0C +0EARg + 06N, 20CNaz0 )~ Bi — X L;iC 18)

whdre ARy is the differefice of mass ratios between nominal to actual (ARy = R - Rpg).

Thel|alpha coefficient-ey, o of remaining oxidizer to sample mass ratio is obtained assuming that Na,0
is cqntained in the'sample. Cy,,o is the concentration of remaining oxidizer mass regarding the sample
masfs as 100 %'as described above. When oxidizer in fusion is not used, the term of oy,,0Cnat0o IS not
usedl in Formula (18).

In the-case of Equation 2, if there is larger difference of flux/sample mass ratio of a disc with |jnominal
ma atiosomequantified-errorcanappearwhengrossintensityisused-and-thevalweof B/(BEC) is
large. Formula (19) with the term of B; corrected with mass ratios may be used.

Ci = Al (1+0;C; +X0;C ; +opARg +0Na20CNaz0 )~ Bj (1+Rg +Cyano /100) =2 L;C (19)

Calibration Equation 3
The correction of remaining oxidizer is treated in the same manner as in calibration Equation 2.

Flux/sample mass ratio is notincluded in the correction equation. All of the concentrations of components
including remaining oxidizer are the values recalculated with nominal flux/sample mass ratio.
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C;'=Ail; (1+0;C;"+ X 0C ;" +0Na20CNa20 )~ Bi =X L;iC;” (20)
The converted concentration shall be obtained.
Ci"=(Rpo / Rp)C; (21)
where
C;” isthe converted concentration of each component with nominal flux/sample mass ratio;
ral it 4+ 3 £ L +
~“1 IO LIIU CUTILTTILI AtIUIT Ul Tdlll LUllllJUllCllL-
Thig conversion is also adapted to Na,O concentration for the correction of remaining oxidizer/sample
mags ratio. The quantitative calculation results shall be converted to concentration in sample py using
starjdard and mass ratio inversely in the equation above.
Thepretical background of the calibration equation with corrections above is intérpreted in Anhex E.
9.3 Calculation of alpha coefficient
The alpha coefficients in the correction term of the calibration equation shalbbe calculated by the FH method
or empitical method.

The alpha coefficients for coexisting elements o , alpha coefficient of flux/sample mass ratio o
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by itself even for iron ore samples with high ignition loss.

ignition

The alpha coefficients of flux/sample and remaining oxidizer/sample mass ratios should be calculated
according to one of the three equations described in 9.2.

A detailed calculation method is described in Annex F.
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9.4 Correction for sample, flux and oxidizer mass

9.4.1 General

In order to save time on precisely weighing samples, the actual flux, oxidizer and sample masses in preparing
each fused disc can be used to correct for the variations.

Mass correction consists of flux/sample and remaining oxidizer/sample mass ratio corrections.

9.4.2 Correction of flux/sample mass ratio

The flux,

RF:

where

The con
of mass

Kip

where R
Nomina
Formula

Kip 1

where R

Formula
the fuse
when th

In the c4
convertd

9.4.3

Sodium
the corr

/cnmp]ﬂ mass ratiocorrectionis done ncing massratiooffluxto cnmp]n Pr
F/S

F is the mass of flux;

S is the mass of sample.

btant term of mass ratio of flux to sample K is determined by the product of correction co
Fatio of flux to sample and nominal mass ratio of flux to sample

=~ / Rps

ks is the nominal mass ratio of flux to sample.
mass ratio of flux to sample is standard mass ratio.
(24) shows the mass ratio correction terms@nly in the calibration equation.

bopRE =0 (Rp —Rgs)

- is the mass ratio of flux to sample of the fused disc.

(24) means that this fluxtatio term corrects with the difference between the actual masg
d disc and the mass ratio-ef nominal mass ratio. Therefore, this correction term can be
e mass correction is petrequired.

libration Equatien.3; this flux/sample mass ratio correction is not used, but all concentrat
d to nominal flux/sample mass ratio as described in 9.2 c).

Correction 'of remaining oxidizer/sample mass ratio

nitrate (NaNO,) is used as an oxidizer and it remains as Na,O in the disc after fusion. Acc

22)

efficient

23)

24)

ratio of
removed

ions are

brdingly,

bction for oxidizer mass is done with mass ratio of remaining oxidizer and sample.

The remaining oxidizer mass is the mass of Na,0 and is obtained by the product of NaNO; mass and 0,364 6.
The converted mass to remaining oxidizer is used for the correction.

(mass of Na,0) = 0,364 6 x (mass of NaNO3)

The mass ratio correction equation for oxidizer/sample has the same form as that of the mass ratio correction
for flux/sample in calibration Equation 1[see 9.2 a)].
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The oxidizer to sample mass ratio constant of K;y is shown as Formula (25).

KIX = —aixRXS (25)
where Ry is the nominal mass ratio of remaining oxidizer to sample in the fused disc (mass of Na,0/mass of
sample).

Nominal mass ratio of remaining oxidizer to sample is the standard mass ratio.

Formula (26) shows the correction terms of remaining oxidizer to sample mass ratio for the calibration
equation.

Kix touxRxs =04 (R —Rxs) 26)

where R is the remaining oxidizer to sample mass ratio (mass of Na,0/mass of sample).

Formulal (26) means that the remaining oxidizer to sample mass ratio term corrects.with the difference
betweer] actual mass ratio of the fused disc and the mass ratio of nominal masg'.ratio. Therefpre, this
correctipn term can be removed when mass ratio correction is not required.

The correction of remaining oxidizer/sample mass ratio is performed assgming that remaining |oxidizer
Na,O is ¢ontained in sample in calibration Equation 2 and 3 as described 9.2 b) and ).

9.4.4 Mass ratio correction constant in calibration Equation 1

The conptant term K g in the calibration Equation 1 [see 9.1 a)] for mass ratio correction is th¢ sum of
constants flux to sample mass ratio and remaining oxidizer to.sample mass ratio.

Kixg =K +Kix 27)

9.5 C(Calculation of calibration

9.5.1 Preparation of calibration discs

See 8.4 for general preparation procedure of calibration discs.

9.5.1.1 | Calibration discs fordron

Weigh 1,00w, 0,95w, 0,90w0,85w, 0,80w, 0,75w, 0,70w, 0,50w, and 0,30w of Fe,05 (5.3), where w fis a unit
of mass [specified by thedaboratory. In addition, weigh Flux and NaNO; as specified by the laborafory and
record the weights of‘those reagents rounded to the nearest tenth mg. Put those weighed reagg¢nts in a
cruciblefand make fused discs according to 8.4.2 to 8.4.4.

Two fused dises-shall be made for every iron concentration specified. Additionally, prepare two fuded discs
in which 1,0wof SiO, (5.1) and laboratory specified masses of Flux and NaNO; are added.

9.5.1.2 Calibration discs for silicon

Weigh 0,1w of SiO, (5.1), 0,90w of Fe,05 (5.3) and laboratory specified masses of Flux and NaNO; and record
the masses of those reagents rounded to the nearest tenth mg. Put those weighed reagents in a crucible and
make fused discs according to 8.4.2 to 8.4.4. Two fused discs shall be made.

9.5.1.3 Calibration discs for calcium

Weigh 0,2w of CaCO; (5.6), 0,90w of Fe,05 (5.3) and laboratory specified masses of Flux and NaNO; and
record the masses of those reagents rounded to the nearest tenth mg. Put those weighed reagents in a
crucible and make fused discs according to 8.4.2 to 8.4.4. Two fused discs shall be made.
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9.5.1.4 Calibration discs for aluminium

Weigh 0,065w of Al,05 (5.2), 0,90w of Fe,05 (5.3) and laboratory specified masses of Flux and NaNO; and
record the masses of those reagents rounded to the nearest tenth mg. Put those weighed reagents in a
crucible and make fused discs according to 8.4.2 to 8.4.4. Two fused discs shall be made.

9.5.1.5 Calibration discs for titanium

Weigh 0,075w of TiO, (5.4), 0,90w of Fe,05 (5.3) and laboratory specified masses of Flux and NaNO; and
record the masses of those reagents rounded to the nearest tenth mg. Put those weighed reagents in a
crucible and make fused discs according to 8.4.2 to 8.4.4. Two fused discs shall be made.

9.5.1.6 | Calibration discs for magnesium

Weigh 0)21w of magnesium nitrate hexahydrate (5.8), 0,90w of Fe,05 (5.3) and laboratory specified masses of
Flux and NaNO; and record the masses of those reagents rounded to the nearest tenth mg, Put those weighed
reagentg in a crucible and make fused discs according to 8.4.2 to 8.4.4. Two fused discsishall be madg.

9.5.1.7 | Calibration discs for manganese and sulfur

Weigh Hlux (5.13) and NaNO; to laboratory specified masses and weigh (0,90w of Fe,05(5.3) apd place
weighed reagents in a crucible. Record the masses of those reagents rounded to the nearest one tenth of one
mg. Theh, pipette approximately (400 x w) ul of manganese sulfate solution (5.7) using a piston pipette and
a tip (type A), and heat at the appropriate temperature to dry. Record .the volume of the solution. 1 {00 pl of
the manganese sulfate solution contains manganese 20,0 mg and,sulfur 11,67 mg (5.7) so that addirjg 200 pl
of the sollution containing manganese 4,0 mg results in manganeseé 0,8 % in fused disc when wis 0,5 g. Adjust
the volume of solution settable by a piston pipette. Produce ¢wo fused discs in accordance with prgcedures
describgd from 8.4.2 to 8.4.5.

9.5.1.8 | Calibration discs for potassium and phosphorus

Weigh Hlux (5.13) and NaNO; to laboratory specified masses and weigh 0,90w of Fe,05 (5.3) apd place
weighed reagents in a crucible. Record the masses of those reagents rounded to the nearest one|tenth of
one mg.|Then, pipette approximately (400.(y'w) ul of dihydrogen phosphate solution (5.5) using |a piston
pipette 4nd a tip (type A), and heat at the€ appropriate temperature to dry. Record the volume of the folution.
1 000 pl of the dihydrogen phosphate solution contains 7,92 mg phosphorous and 10,0 mg potassipm (5.5)
so that adding 200 pl of the solutigncontaining phosphorous 1,584 mg results in phosphorous 0,316 8 %
in fused|disc when w is 0,5 g. Adjust the volume of solution settable by a piston pipette. Produce tyo fused
discs in accordance with procedures described from 8.4.2 to 8.4.5.

9.5.1.9 | Calibration discs for V, Cr, Co, Ni, Cu, Zn, As, Pb, Ba

Weigh Hlux (5.13) @nd NaNO; to laboratory specified masses and weigh 0,90w of Fe,05 (5.3) apd place
weighed reagentsin a crucible. Record the masses of those reagents rounded to the nearest one|tenth of
one mg.|Add 2 to-5'ml of 1 000 mg/l standard solutions (5.9) for each element which make the concentration
of each dlement 0,5 % to 1,0 % in sample except for Cu, using a single-volume pipette. It is difficult tp release
a cooled|fused disc from a mould with Cu concentration in range from 0,5 % to 1,0 %. Accordingly,|prepare
fusion discs with Tower Cu concentration such as U,T % which are easier to release from the mould. Record
the volume of the solution. For example, in case of w = 0,5 g, by adding 2,5 ml of standard solution (5.9,
except for Cu) with a 2,5 ml single-volume pipette, the concentration of each element is 0,5 %.

Heat them at the appropriate temperature to dry. Produce two fused discs in accordance with procedures
described from 8.4.2 to 8.4.5.

It is not always possible to prepare fused discs normally due to foaming and volume expansion during
fusing in a crucible when a mixture of Flux and nitric acid solution is dried before fusion especially in Flux B
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(Na,B,05). In this case, heat and dry the mixture of the reagent Fe,05 and standard solution without Flux in
a crucible. Then add Flux and NaNO; to the crucible for fusion.

NOTE When a solution of potassium dichromate (K,Cr,0,) is used for Cr, the solution contains 752 mg/l of
potassium and the potassium remains in fused discs.

9.5.1.10 Calibration disc summary

Tables 5 and 6 show reagent masses and calibration disc concentrations described from 9.5.1.1 to 9.5.1.9.

The calibration discs should be handled carefully, and the analytical surface shall under no circumstances
be touched by hand.

Table 5 — Calibration discs for iron calibration
Reagents Concentration
Disc no. Fe, 05 Sio, Fe,0, Sio,
mass mass % %
1 1,0w - 100 0
2 0,95w - 95 0
3 0,90w - 90 0
4 0,85w - 85 0
5 0,80w - 80 0
6 0,75w - 75 0
7 0,70w - 70 0
8 0,50w - 50 0
9 0,30w < 30 0
10 - 1,0w 0 10
Table 6 — Calibration:discs for elements other than iron
Reagent Mass Concentration
Disc nd. Comp. Fe, 05 Elements other than Fe Fe,0, Comp.
mass Reagents mass % 0
11 Sio, 0,90w Sio, 0,10w 90,0 17,00
12 Ca0 0,90w CaCOgy 0,20w 90,0 11,21
13 Al,0, 0,90w Al,0, 0,065w 90,0 6/50
14 Tio, 0,90w Tio, 0,075w 90,0 7150
15 MgO 090w Mg(NO5), -6H,0 0,21w 90,0 3J30
Mn30, mMnSO, -5H,0 (1f11)
16 30, 0,90w (Mn 20 g/, g 1 1'627 o/l) (400w pul) 90,0 )
17 K30 0,90 KH,PO, 400w 11 90,0 (048)
P,0 ’ (K10,0 g/1,P 792 g/) : o ' (0,73)
18 V,05 090w V1000mg/I (6w ml) 90,0 (1,07)
19 Cr,0, 0,90w C(;lgggnr;‘%l (6w ml) 90,0 (KE%SO?; 3
20 Co30, 0,90w Co 1 000 mg/1 (6w ml) 90,0 (0,82)
21 NiO 0,90w Ni 1 000 mg/1 (6w ml) 90,0 (0,77)
22 CuO 090w Cu1l000mg/1 (1,0wml) 90,0 (0,125)
23 Zn0 0,90w Zn 1000 mg/1 (6w ml) 90,0 (0,75)
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Table 6 (continued)
Reagent Mass Concentration
Disc no. Comp. Fe, 05 Elements other than Fe Fe,0, Comp.
mass Reagents mass % %
24 As,04 0,90w As 1000 mg/1 (6w ml) 90,0 (0,79
25 PbO 090w Pb 1000 mg/1 (6w ml) 90,0 (0,65)
26 BaO 090w Ba 1000 mg/1 (6w ml) 90,0 (0,67)

Prepare duplicate fused discs for the discs in Table 5 and Table 6.

The valyes in parentheses slightly vary depending on sample masses.

9.5.2

Calculation of concentrations of calibration discs

The cong¢entrations of components of calibration discs depend on nominal and actual fluk/Sample mpss ratio
and calibration equation to be used. Concentrations for elements of calibration discs{prepared in 9)5.1 shall
be obtaihed following the calibration Equation (9.2).

Note thg next two points in concentration calculation.

1) Define nominal masses of flux, oxidizer and sample (w).

2) Caldulate concentrations from the ratio of mass of target element as oxide to nominal sample mass (w).
When adding elements with liquids, obtain oxide masses convérting from element masses using Table 8.

Individual calculations are summarized below.

a) Masps ratio of flux to sample [ Rg, Formula (22)]

Rg # flux mass / sample mass

b) Congentration of elements in calibration dises (C;)

C; 3(S/Sy)*x100

whdre
So

S

is the nominal sample mass (w);

is the oxide-mass of target element.
In the caSeof Fe,0; calibration discs, S is the mass of Fe,05 or SiO,.

In thecase of calibration discs prepared by adding powder reagents, S is the mass as oxide (the

comppund such as CaCOs, convert it to oxide form such as Ca0).

Inthe case of calibration discs prepared by adding liquid reagents, S is the mass as oxide (multiply

liquid weight by concentration of adding elements and convert it to oxide mass).

When calibration Equation 3 [see 9.2 c)] is used, all concentrations shall be corrected with mass ratio of
flux to sample [see Formula (21)].

C;"=(Rgo / Rp )xC;

where

Rpo

Rp

is the nominal mass ratio of flux to sample;

is the mass ratio of flux to sample for each calibration disc.
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¢) Remaining oxidizer/sample mass ratio and concentration of Na,0

The

calculations for oxidizer are different by calibration equation.

Obtain remaining oxidizer mass first

remaining oxidizer mass = oxidizer mass (NaNO3 )x0,364 6

Calibration Equation 1 [see 9.2 a)]

Ry =remaining oxidizer mass / sample mass

Cali

The con

9.5.3

Measurg the fluorescent X-rays of each component using the calibration discs prepared in 9.5.1 folloy

Measurg drift correction discs (or set of discs) during calibration as frequently as required by 8,

iron ore

9.5.4

9.54.1

Since th
each ins

to use tHe software of the computersconnected to the instrument for alpha coefficient calculation.

The follgwing are important points for actual operation.

a) Coe

on ignition (or gain.girignition). The component of loss on ignition is not included in the correctid

b) Sethominal mass.ratio of flux to sample for the calculation.

¢) Calg
Equ

d) Set

abo = (remaining oxidizer mass / sample mass)x100

bration Equation 2 [see 9.2 b)]

bration Equation 3 [see 9.2 c)]

bo =(remaining oxidizer mass / sample mass)x100x(Rgq /Rg)

entrations above are used for the calculations of calibration coefficients.

Measurement of calibration discs

analysis.
Calculation of calibration coefficients

Calculation of alpha coefficients foriron ore

e calculation of alpha coefficients using the FP method (see 9.3) depends on unique param
trument such as X-ray tube type, tube voltage, and incident and take-off angles, it is recon

ficient calculation method assuming the difference between total concentrations and 100

ulate eorrection coefficient for flux to sample mass ratio in calibration Equation 1 [see 9.}
htion'2{see 9.2 b)].

ving 7.2.
b.2.4 for

cters for
mended

o is loss
n terms.

b a)] and

hominal mass ratio of rnm:\ining oxidizerto cnmp]n to calculate correction coefficient form

ss ratio

of remaining oxidizer to sample in calibration Equation 1 when oxidizer is used for disc preparation.

e) Calculate correction coefficient of Na,O in calibration Equation 2 and Equation 3 [see 9.2 c)] assuming
Na,O exists in the sample when oxidizer is used for disc preparation.

9.5.4.2

Calculation of calibration coefficients for iron

By using the fluorescent X-ray intensities of iron [Ig, ()] obtained in 9.5.3 for the 20 discs prepared in
9.5.1.1 for iron calibration, Cg, (i), Ry (i), and R (i), obtained from added amounts of individual reagents,
and Kpe xp, Ope p and o, x obtained in 9.5.4.1, the coefficients Ag,, Bp, and Ogp, in the next equation are
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obtained. The equation below is for calibration Equation 1. The differences from calibration Equation 2 and
Equation 3 are the correction terms of mass ratios for flux/sample and remaining oxidizer/sample (see 9.2).

Cre = Arelpe (1+ OtpepeCre +Offe siCre 5i + KFe XF + e pRF +0pe xRy )~ Bre (28)

The term of g, iCpe g; is only for the discs for Si0, 100 % and the coefficient of o, g; obtained by the

fundamental parameter method is used. When an oxidizer is not added in fusion preparation, the terms
related to oxidizer are not used.

The calculation of the coefficients using the least square method is described in Annex G.

Th £+ A | a1 =l - de de L de 1l A | =l 1 ) - 1
€ SoIfware PIOVIUCTU Dy UIT HISTTUIITIUIIdIIUTALTUL T Usudlly Proviucs LIIT LAICULdUIUIT dDUVE,

If the iron quantification range of interest is smaller than as specified here, it is not necessary to use
all 20 dliscs for regression to determine the coefficients in iron calibration. In such cases, digcs with
concentrations that are not in the concentration of interest can be removed and determiningthe codfficients
with the remaining discs is acceptable.

9.5.4.3 | Evaluation of iron calibration coefficients

The calibration coefficients for iron are evaluated by calibration accuracy obtained from the difference
betweer] the quantified result of Fe, 05 using fluorescent X-ray intensity ofiroh and theoretical concgntration
calculated from added amounts of reagents for each calibration disc foriron. The value of accuracy| shall be
less or efjual to 0,1 %, see Formula (29).

29)

Ac | isthe accuracy;

X; is the quantified result [mass fraction %] of Fe,05 for iron calibration disc i;

i is the mass fraction % of Fe,0g.bbtained from added amounts for iron calibration disc i;
n is the total number of irencalibration standard discs.

The quahtification of Fe,05 content is carried out by using the right side of the equation in 9.5.4.2 and Fe,05
content pbtained from masses-of reagents for the content in the correction term for this evaluation.

If there Is a calibration/dis¢ in which the absolute value of (x; —c;) exceeds 0,14 % in mass fraction,|prepare

two morfe discs at the’same standard level. If the difference of results with an original disc exceed$ 0,14 %,
the disccan be rejeéted, the calibration can be remade and the calibration accuracy can be reassessgd.

If the agcuraéy-exceeds 0,1 %, the quantitative result of iron cannot be adopted for report. However, the
result offiron~should be used for the correction for the analysis of other components.

Maximum count rate in modern spectrometers is generally about 5 x 105 ¢/s depending on spectrometer
and detector type. Since counting linearity can deteriorate at high count rates, the maximum count rate
should be considered when the calibration accuracy above does not clear the criteria.

9.5.4.4 Check of matrix correction alpha of each component for Fe,0; determination

Quantify Fe,05 concentration using iron fluorescent X-ray intensity measured in 9.5.3, the calibration
coefficients obtained in 9.5.4.2 and alpha coefficient for coexisting component obtained by the FP method
described in 9.5.4.1 for each calibration disc from 9.5.1.2 to 9.5.1.10. Then, compare the result with the
concentration obtained from added amounts of reagents and make sure that the difference of Fe,0; mass
fraction is less or equal to 0,1 %.
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When the influence of a coexisting component to iron intensity is small, reliable coefficients cannot be
determined using empirical data. Alpha coefficients obtained by the FP method shall be used in such a case
that estimated relative influence to Fe,0; quantification obtained by the product of a value in Table 4 for
Fe,05 and the concentration of coexisting component is small (relatively less than 1,0 %). For example of
relative influence of CaO to Fe,05 analysis, the influence of CaO 1 % to Fe,03 is 1,25 for Flux C of lithium flux
and concentration of CaO calibration disc is 11,21 % and total relative influence of CaO is 14,01 %. On the
other hand, the case of P,0, the total relative influence is 0,30 %.

Typical elements which give significant influence to Fe,05 quantification are CaO and TiO,.

If the difference is larger than 0,1 % and the influence of a coexisting element is larger than 1,0 %, the
correction alpha shall be determined using the quantified result of iron as described below.

Obtain He,05 concentration using the calibration coefficients obtained in 9.5.4.2 without correctign term j
compongnt. However, the concentration of iron obtained from the added amounts of reagents\Gr, 1 is used

to the C}. in the correction term.

e

Calculatp the correction coefficient for j component using Formula (30).
OFej :(CFe,T —CFe cal )/(AFeIFeCj) 30)

where Cf, ., is the quantified value obtained by iron calibration equation #ithout correction of j component.
Adopt tHe average of the coefficients obtained for individual discs.
The cortfection coefficients may be obtained by the least square method as described in Annex G.

The calqulation described above is a method to determine a«correction coefficient o,; with fixed yalues of
calibration coefficients of iron ( Ag,, Bg) and correction coefficient agog.. The data used in the calculation
are thosg for duplicated discs of target element ().

Instead pf the calculation method above, all of the.calibration coefficients of iron ( Ap,, Bg.) and correction
coefficignt Olpej MAy be determined simultaneeusly using the data of duplicated discs of target element (j)
and 20 iron calibration discs as an alternative'calculation method.
Calibratjon discs for K/P and Mn/S contain two elements other than Fe. Since coefficients for two ¢lements

cannot he obtained simultaneouslyscalculate the coefficient of K,0 or Mn;0, and use the alpha obtpined by
the FP njethod for P,0; or SO; when' required to calculate alphas by the empirical regression calculation.

9.5.4.5 | Calculation of calibration coefficients for components other than iron

By using the fluorescefityX-ray intensities (/; ) of component i obtained in 9.5.3 for duplicated calibration
discs of |an individual component prepared from 9.5.1.2 to 9.5.1.10, fluorescent X-ray intensities (|/; . ) of

component [ obfained by measuring the duplicated discs of Fe = 1,00w used for iron calibratiop (Fe,05
100 %), |C;, Ry.»Rp and C; (j = Fe) obtained from added amounts of individual reagents and oy, Kxg, 0,

O obtar’ned in 9.5.4.1, the coefficients of 4;, B; in the next equation for calibration Equation 1 are gbtained.
The differences from catibration Equation Z and 3 are the correction terms of mass ratios for fiux/sample

and remaining oxidizer/sample (see 9.2).

The calculation of the coefficients using the least square method is described in Annex G.
The software provided by the instrument manufacturer usually includes the least square method in Annex G.

For the calibration of Co, calibration discs contain iron and FeKf line overlaps with CoKa line. Accordingly,
the calibration constants and the coefficient for the overlap correction by Fe,0; shall be determined
simultaneously for Co as described in 9.5.4.6.

© IS0 2024 - All rights reserved
31


https://standardsiso.com/api/?name=6c6e83b15c468c73ce495e0ef8779b1a

ISO/TS 9516-2:2024(en)

When calibration Equation 1 is used, the influence of mass ratio variation of flux to sample on B; (BEC) can
be corrected using Formula (32).

Ci=Ail; (1+04;C; +204;C; + Ky +04pRg + oty Ry )= B; (1+Rg +Ry ) (32)

The influence can be large when B; is large for trace element analysis and can be checked by preparing

additional discs for Fe,05 100 % with different flux/sample mass ratio with nominal mass ratio (e.g. 5 %
larger) and comparing the quantified result of the discs of nominal and different mass ratios. The calibration
constants can be determined using the data of discs of i element and Fe,05 100 % as done in other elements.

9.5.4.6 [ Calculation of overlap correcuon coeiiicients

An overlap correction coefficient shall be determined by using concentrations of the overlap element and
X-ray infensities of an analyte for the duplicated discs of the overlap element.

The equption with overlap correction is shown in Formula (33)

C; =|Ail; (1+04;C; +304;C ; + Ky +04pRe + 0ty Ry )= B; =X L;;C; 33)

Before ¢verlap coefficient calculation of overlap element (j component)/for analyte (i component),
calibratjon coefficients of A; and B; shall be calculated by adapting the“X-ray intensities of the [relevant
element|in the discs prepared in 9.5.1.2 to 9.5.1.9 to the calibration curve in 9.5.4 except for Co.

Calculatp the apparent concentration of analytes Xj; using Formla{34).

Formulg (34) is for calibration Equation 1. The differencésfrom calibration Equation 2 and 3| are the
correctipn terms of mass ratios for flux/sample and remaifiing oxidizer/sample (9.2).

X; 3 Al (1+peCre +X0;C ; + Ky +04p Ry +apcRy )-B; 34)

Overlap|correction coefficient Ly shall be calculated by Formula (35), because the analyte is not c¢ntained
in the discs for calibration curves of overlaplcomponents.

Ly 59X %xC; 35)

where (; is the concentration of jcomponent of the disc for calibration.
The average of calculated Ly obtained by measuring each disc shall be used as the correction coefficient.

On the other hand, theoverlap correction coefficients may be obtained by the least square method, which is
describgd in Annex“G: In this calculation, the values of calibration coefficients (4;, B;) and 3ll alpha

coefficignts are fixed and only Ly are determined by the least square method.

As an alfernative calculation method, instead of determining only overlap correction coefficient wijth fixed
Calibrati|on coefficients, the overlap correction coefficients L; may be determined simultaneously with

calibration coefficients A; and B; using the data (concentrations of analyte C;, overlap component C; and
intensities of analyte I;) of the duplicated calibration discs of the analyte, correcting the component and
Fe,05 100 %.

For the overlap correction from FeKf to Co analysis, calibration coefficients of Co (A¢,, B¢, ) and overlap

correction coefficient for Fe should be calculated simultaneously using the data of the duplicated discs of
overlap element, Fe,05 100 % and SiO, 100 %.

Overlapping lines on analyte measurement lines are shown in Table 3. Some overlaps listed in Table 3 will
possibly not appear since the amount of overlap varies with spectral resolution of the instrument. Line
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overlap correction coefficient obtained in this case is not reliable and should not be used. Unreliable
correction coefficients can be identified by negative overlap correction coefficient L; and too small L;C;.

NOTE When the value of Lij is smaller than three times of standard deviation of the result in the blank sample
(lower limit of detection), the overlap correction can be ignored.

When influence of background intensity variation due to sample matrix difference for trace heavy element
analysis appears, overlap correction may be used. For example, there can be cases where influence of
background variation can be reduced by correction using an overlap correction term with Fe,0;
concentration. The influence of Fe,0; concentration can be checked by comparing quantified results of
Fe,0; 100 % and Fe,05 0 % (SlO2 100 %) dlsc obtained by the callbratlon of the analyte. The calibration

] r Coz0,

on usmg data of the duphcated discs of element i, Fe203 100 % and Fe203 %.
9.6 C3lculation of concentrations

In case dorrection for flux/sample or remaining oxidizer/sample mass ratio is required;wass ratio(s) should
be calcu]ated in advance before concentration calculation according to the calibratieriequation useg.

9.6.1 (alculation of flux/sample and remaining oxidizer/sample mass ratios

When the correction for flux/sample mass ratio or remaining oxidizer/sample mass ratio is requjred, the
followinjg mass ratios shall be prepared according to the calibration equation used.

a) Flux/sample mass ratio
Calipration Equation 1 [see 9.2 a)]:

Flux/sample mass ratio Rp [see Formula (22)]

Ry = flux mass / sample mass

Calipration Equation 2 [see 9.2 b)]:
Difference of flux/sample mass raties between sample and nominal ARy [see Formula (18

ARg|=Rp —Rpg

whdre

Rgy  is the nominal flux/sample mass ratio;
R is thedlux/sample mass ratio of sample.
Caldulate ARk when this term is used.

b) Renjaining oxidizer/sample mass ratio

CalibratiomEquation 1=
Remaining oxidizer/sample mass ratio Ry [see 9.2 a)]

Ry =remaining oxidizer mass / sample mass

Calibration Equation 2:
Converted concentration Cy,;o of remaining oxidizer assuming component in sample [see 9.2 b)]

CNa20 =(remaining oxidizer mass / sample mass)x100
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Calibration Equation 3:

Converted concentration Cy,p0° of remaining oxidizer assuming component in sample with the

correction to nominal flux/sample mass ratio [see 9.2 ¢}, Formula (21)]

CNaz20 = (remaining oxidizer mass / sample mass)x100x(Rpq / Rp)

9.6.2

Calculation of initial concentration

Obtain initial concentration C; (0) for each component using Formula (36).

The softfjware provided by the instrument manufacturer usually provides this initial calculation 3
concentration described in 9.6.3.

9.6.3

Calibrat

obtain the concentration C; (1) for each component using-Férmulae (37) and (38).

Foriron

C; (1

For the

c; (1

Repeat 4

For iron

C; (1

For the ¢

J=A1=B;

is the calibration slope of component i ;

is the background equivalent concentration (BEC);

is the drift corrected X-ray intensity of analyte i .

Calculation of concentrations

on Equation 1 [see 9.2 a)] is used for the following.explanation. The calculation itself is

ther components,
)= A1 [ 1+04C; (0)+ 2 0;G4(0)+ K jyp + g Ry + iy Ry |~ B; =X L;C; (0)

he calculation and obtain the n-th concentration C; (n) using Formulae (39) and (40).

)=Ail; [1464€; (n—1)+ T 0;C; (n—1)+ Ky + 0t Re + otz Ry |- B;

thereomponents,

C; (1

36)

nd final

used to

37)

38)

39)

VEAL [14+0;C; (n=1)+304,C; (n=1)+ Ky + 0 Re + 0y Ry | =B, =S 1;,C. (n—1)

40)

Stop the iteration when the change in iron ratio A;.,, =[C; (n)—C; (n—1)]/C; (n) is less than 0,000 1 and
C; (n) for each component is the concentration of the sample. The iteration for Fe,05 should be 15 times to
obtain the error within 0,001 %.

Since the final analysed results are the concentrations as oxides, convert the concentrations to those of
elements using the factors in Table 8.
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In the case of calibration Equation 3 [see 9.2 c]], the concentration is obtained as nominal flux/sample mass
ratio, convert the value to concentration in the sample using Formula (41) to obtain the final result.

C; =(Rg /Rgo)Ci’ (41)
where
G; is the converted concentration of each component for flux/sample mass ratio of sample;
C;" isthe concentration of each component with nominal flux/sample mass ratio.

9.6.4 onversion from oxide to element concentrations
The con¢entrations obtained above are those of oxide forms.
Covert ffom oxide to element concentration for all components using Formula (42).

Ci, $FC; 42)

e

where

C; is the concentration as oxide of each component;
Cie | isthe concentration as element of each component;

is the conversion factor from oxide to element concentration.

s

The conyersion factors F; are listed in Table 8.

10 General treatment of results

10.1 Background equivalent concentration (BEC)

The valyes for BECs can be found by measuring the blank discs as unknowns using the calibration efuations
derived parlier.

While BEC will vary with the type and model of the spectrometer, it is highly dependent on both the
instrumgpntal settings and possible contamination during either flux or disc preparation. The background
shall, therefore, be checked.

High BE[s indicates contamination of the flux or an instrument operating at suboptimal conditionjs. When
the BEC§ exceed the yalues in Table 7, measures to remove the effect should be taken when possible,[because
error infroduced inthe analysed results can exceed the acceptable range.

Table'7 — Expected background equivalent concentrations (BECs) for blank discs

Element BEC
%
Fe 0,13
Si 0,10
Ca 0,10
Mn 0,10
Al 0,10
Ti 0,10
Mg 0,30
NOTE High BECs for Ca are often attributable to impurities in the reagents used in the preparation of the flux.
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Table 7 (continued)
Element BEC
%

p 0,02

S 0,05

K 0,07

Vv 0,08

Cr 0,10

Co 0,10

Ni 0,09

Cu 0,11

Zn 0,10

As 0,08

Pb 0,35

Ba 0,19

NOTE High BECs for Ca are often attributable to impurities in the reagents used in the préparation of the flux.

10.2 Determination of analytical result

Having ¢omputed the independent duplicate results, compare thes€with the independent duplicate limit (
Ry ), usipg the procedure given in Annex J.

Betweer-laboratories precision is used to determine agreement between the final results reported by two
laboratqgries. The assumption is that both laboratories followed the same procedure as described in {lause 8.

Comput¢ the following quantity using Formula (43):
Mz (i —pp) /2 43)

where

Uy | isthe final result reported by laboratory 1;
Uy | isthe final result reperted by laboratory 2;
U172 is the mean of final.results.

Substitufte p;, for X ofthie’regression equations of P.

If |4y — 5| < P, thefinal results are in agreement.

10.3 Checkfor trueness

The trudness of the analytical method shall be checked by applying it to a certified reference materidl (CRM).
Calculate the analytical result ( ) for the CRM using the procedures in 9.6, and compare it with the certified

value A.. There are two possibilities:

a) |uc—Ac|<C,inwhich case the difference between the reported result and the reference/certified value
is statistically insignificant.

b) |uc —Ac|>C, in which case the difference between the reported result and the reference/certified value
is statistically significant.

© IS0 2024 - All rights reserved
36


https://standardsiso.com/api/?name=6c6e83b15c468c73ce495e0ef8779b1a

where

Hc

A
C
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is the analytical result for the certified reference material;
is the certified value of the CRM;

is the value dependent on the type of CRM used.

Certified reference materials used for this purpose should be prepared and certified in accordance with

ISO Guid

e 35.01

C shall be calculated by Formula (44).

0.4,

The foll
incompl

— ifth
the

— ifth

shalll be calculated by Formula (45).

C=

ACRMc

10.4 C4

2
SWe

Ny

2
Stet 2
c 2,04

+of +—<%
N

C

is the between-laboratories standard deviation of the certifying laboratories;
is the within-laboratory standard deviation of the certifying laboratories;

is the average number of replicate determinations in thé<ertifying laboratories;
is the number of certifying laboratories;
is the number of replicate determinations cargied out on the CRM;

4 are defined in 10.2.

bwing procedure should be used when the information on the reference material certi
pte:

ere are sufficient data to enable the'between-laboratories standard deviation to be estimate
pXpression s‘z,vc/nwC and regard S . as the standard deviation of the laboratory means;

e certification has been mfade by only one laboratory or if the inter-laboratory results are m

2

(o}
(202 + =4
n

ertified by enly one laboratory should be avoided, unless it is known to have an unbiased certifi

Iculation of the final result

44)

ficate is

d, delete

issing, C

45)

ed value.

The following element shall be reported to two decimal places: Fe

The following elements shall be reported to three decimal places: Si, Ca, Mn, Al, Ti and Mg

The following elements shall be reported to four decimal places: P, S, K, V, Cr, Co, Ni, Cu, Zn, As, Pb and Ba.

The final result is the arithmetic mean of the acceptable analytical values for the test sample. The result is
calculated to four decimal places and rounded off to the second decimal place as follows:

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

deci

mal place is kept unchanged;
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where the figure in the third decimal place is 5 and there is a figure other than 0 in the fourth decimal
place, or where the figure in the third decimal place is greater than 5, the figure in the second decimal
place is increased by one;

where the figure in the third decimal place is 5 and there is no figure other than 0 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 or 8
and is increased by one if itis 1, 3, 5, 7 or 9.

10.5 Oxide factors

Element concentrations may be obtained by multiplying by the factors shown in Table 8 and in the calculation

program
Table 8 — Factors for conversion of oxide contents to element contents
Oxide Element Conversion/Factor
Fe,0, Fe 0,699 4
Si0, Si 0,467 4
CaO Ca 0,714 7
Mn;0, Mn 0,720 3
Al,0, Al 0,529 3
Ti0, Ti 0,599 5
MgO Mg 0,603 1
P,0: P 0,436 4
S04 S 0,400 5
K,0 K 0,830 2
V,0 v 0,560 2
Cr,0, Qr 0,684 2
Co30, Co 0,734 2
NiO Ni 0,785 8
CuO Cu 0,798 9
Zn0O Zn 0,803 4
As,0, As 0,757 4
PbO Pb 0,928 3
BaO Ba 0,895 7
11 Test report
The test|report shall include the following information:
a) nanje arid@address of the testing laboratory;
b) dateofissueofthetestr eport;
c¢) reference to this document,i.e. ISO 9516-2:2024;
d) details necessary for the identification of the sample;
e) result of the analysis;
f) reference number of the result;
g) any characteristics noticed during the determination, and any operations not specified in this document

which can have an influence on the result, for either the test sample or the certified reference material(s).
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Annex A
(normative)

Preparation of Flux A and Flux D

A.1 General

This anfex describes a procedure for the preparation of Flux A and Flux D from lithium tetraborate and
lithium metaborate.

A.2 Reagents
A.2.1 Anhydrous lithium tetraborate, (Li,B,0-,)

A.2.2 Anhydrous lithium metaborate, (LiBO,)

A.3 Apparatus

A.3.1 Crucible, platinum, non-wetting platinum alloy, or graphite crucible having a minimum gapacity
of 400 ml.

NOTE A platinum or platinum-lined crucible of adequate:size can be used, but a crucible or liner fabricdted from
the comrpercially available alloys of platinum/gold or platihum/gold/rhodium has the advantage that the fnelt does

not wet the metal surface.

If a graphite crucible is used, it should be made:from high quality graphite (ash < 0,2 %); otherwise the flux
will be dontaminated during preparation. It is:also important that any loose surface material be renmjoved by
rubbing|the surface of the graphite cruciblewith a cloth.

A.3.2 Electric furnace, capable ofunaintaining a temperature of 1 100 °C.
A.3.3 Aluminium sheet, comniercially available sheet of size 600 mm x 600 mm x 5 mm.
A.4 Preparation afflux

Flux shalll be prepated as follows:

a) Weigh suitable quantities of both reagents; mix, then transfer to a platinum or graphite cruciblg.

The|reagent masses in Table A.1 produce about 68 g of flux. Provided that the same reagent ratios are
used, larger or smaller quantities can be made. When making larger quantities however, the reagents
should be weighed in separate crucible “charges”, to ensure uniformity throughout the entire batch.

b) Fuseat1 100 °C; swirl when molten.
¢) Maintain the flux in the molten state for 10 min, then pour the melt on to the aluminium sheet.
d) When the meltis cool, grind to a coarse powder and store in an airtight container.

The flux shall be heated at 500 °C for 4 h before use. If it is stored in a desiccator containing silica gel, it can
be used for several days without reheating.
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To prevent the melt from sticking to the aluminium, the sheet should have a polished surface and, in pouring,
the melt should be spread over the sheet rather than be concentrated on one spot. Some buckling of the sheet
can occur but this should be minor with the 5 mm thickness stipulated.

If a graphite crucible is used, the glass can be contaminated with graphite powder. The contamination
should be slight and need not affect X-ray fluorescence measurements made on discs prepared using this
flux. However, if desired, the graphite can be largely eliminated by heating the glass lumps in a platinum
dish at 550 °C until the black graphite coating is no longer obvious. Usually overnight is sufficient.

The grinding vessel used should not contaminate the flux with any of the elements being determined.
Suitable materials are tungsten-carbide or nickel-chromium alloy.

NOTE Thepowdered glassisstightty iygroscopicamd witt stowlyabsorbmoisture:

Table A.1 — Reagent masses for Flux A and Flux D

Flux Reagent Mass
8

Flux A Li,B,0, 24,00

LiBO, 44,00

FluxD Li;B40, 34,00

LiBO, 34,00
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Annex B
(normative)

Preparation of Flux B and Flux C

B.1 General

This anfex describes a procedure for the preparation of Flux B from sodium tetraborate and Fluk C from
lithium fetraborate.

B.2 Reagents
B.2.1 Anhydrous sodium tetraborate, (Na,B,0,) for Flux B.

B.2.2 Anhydrous lithium tetraborate, (Li,B,0-) for Flux C.

B.3 Apparatus
B.3.1 C(rucible, platinum or non-wetting platinum alloy crucible with a minimum capacity of 400 ml.
B.3.2 Electric furnace.

B.4 Preparation of flux

Dry the podium tetraborate or lithium tetraborate at 500 °C for 4 h. Cool and store in a desiccator oyer silica
gel desidcant.
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Annex C
(normative)

Standard deviation of specimen preparation

C.1 General

This anrjex describes a procedure to confirm that the precision of 0,1 % for Fe,05 is constantly obta
the prodedure to determine the precision of specimen preparation.

This test procedure shall be carried out at least two times at regular intervals to confirmthat the

ned and

required

sample preparation precision is obtained. The interval for testing the mould shall be detérmined based on

its usable duration or the number of discs prepared with it. This interval is determined by the per

the erro
determi

In the c:

changin

C.2 Px
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a) Sele
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b) Ifm

crug
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C.3 Evaluation of the result
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quantitd
precisio
describe

Fill the

of a check sample for Fe in a CRM or RM exceeds the tolerance of analysed error whose
hed to be used mould.

hse more than 10 moulds are used in a laboratory, this test procedure below shall be rep
b the moulds.

rocedure
redure shall be as follows.

ct a high-grade iron ore (> 68 % Fe for Fe,03) and\prepare 10 replicate specimens by the pr
ified in 8.4.3 to 8.4.6.

pre than one crucible or more than one mould is used for casting in sample preparation, all
ibles or moulds shall be used in the preparation.

sure 10 replicate specimens and quantify using calibrations obtained in 9.5.4.2.

ount the specimens in the sample holders and repeat the measurement to obtain two sets
s for each specimen.

cision of sample preparation is obtained using the quantitative analysis results of Fe,0; f
tive analysisiresults of two sets of 10 fused discs. The precision of sample preparation
h of the méasurements are estimated using the following calculation. Additionally, the p
d will estimate the precision of the determination of the concentration of Fe,05.

quéntitative values of Fe in X;; in Table C.1 and calculate disc preparation precision (

od until
cause is
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ocedure
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Table C.1 — Calculation of precision of sample preparation

Disc (i) Measurement ()
1 2 Average

1 X1 X1z X,

2 X21 X322 X,

3 X31 X3z X3

4 X41 X4z X,

5 Xs1 Xs2 Xc

6 X1 Xe2 Xy

7 X7 X72 X,

8 Xg1 Xg2 Xg

9 Xo; Xoz Xq

10 X101 X102 X0

Total average )=(
The pre¢ision calculation equations are shown as Formulae (C.1) and (C.2).
= .2 — 2
Ep 4 ziZj(XU_Xi) _ZiZj(Xij_Xi) ()
(10x2)-1 (2-1)x10
Ziz (XIJ ~Xi )2
Egp+ J (€.2)
(2-1)x10

Ep in the equation above is the precision of fused disc preparation and E is measurement precisipn. If the
measurgment precision is comparable to-oxlarger than Ej, the probability of a negative value of th¢ term in
the square root of Ep becomes larger. Accordingly, adequate measurement precision should be confjrmed in
the test pf Annex D. If the E, obtaifted with the equation above is negative, measure all fused discs|again. If
the valug is negative again, the(pyecision of fused disc preparation can be regarded as similar or less than
the measurement precision.
For the driterion of disc making repeatability for sample preparation, E, shall be equal or less than|0,1 % as
standardl deviation oftheé quantitative result of Fe,05 concentration.
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Annex D
(normative)

Spectrometer precision tests

D.1 General

This anfex sets out procedures for the carrying out of tests to ensure that the spectrometer isno

correctl
Output

given tiy

D.2 Pi

D.2.1 |

For the

for dete
tested
shall be

7 before it is used.

ntensities of the spectrometer are usually measured as the number of counts @cecimuld
he.

recision

bcaler output

following tests, most spectrometers should give a precision of 0,03 % and 107 counts is 3
'ting imprecisions of this order. Instruments can be capableef higher precision and if they
ore rigorously, a greater number of counts shall be accumulated. The number of counts accy
nppropriate to the analytical requirement.

perating

ted in a

dequate
ire to be
mulated

If N counts are repeatedly accumulated and the time regorded in each case, the expected coeffiicient of

variatio
outlined|
observe
coefficid

At high
deviatio
recomm

h of the observed counting times is 100/x/ﬁ % according to counting statistical error. In

the tests

in this document, 20 measurements are usually made. Where 20 such measurements are njade, the

1 coefficient of variation shall not exceed\1,5 times the counting statistical error. If the ¢
nts of variation are larger than this, corfective measures shall be taken.

count rates, the effect of the dead time on the counting statistical error can lead to sig
hs from the usual calculation involving the square root of the number of counts collected. Fg
endations of the manufacturer of the spectrometer in this case.

D.3 T

D.3.1

st disc

eneral

The tes{ disc shall he-both robust and stable and have a flat analytical surface. A compacted
(briquetite) may be \sed, but a glass disc into which the analyte(s) has (have) been incorporated H
with a bprate flux‘is preferred.

D.3.2

bserved

rnificant
llow the

powder
y fusion

e€guential spectrometers

FeKa is a convenient radiation to use and the amount of iron in the test disc shall be such that, under normal
conditions of X-ray tube power, a count rate of approximately 3 x 105 ¢/s is obtained.

D.3.3 Simultaneous spectrometers

A test disc that allows testing of several channels simultaneously is desirable. The test disc shall be such that
under normal operating conditions of X-ray tube power, a count rate of approximately 3 x 105 ¢/s is obtained
in each of the channels under test. For channels measuring very light elements where such an intensity will
probably not be possible, as high a count rate as achievable shall be used.
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D.4 Instrumental conditions

D.4.1 General

The X-ray tube shall be operated at the normal working power. Sample rotation shall be used if possible. All
measurements shall be made using the preset count mode. The time required to accumulate the counts shall
be recorded to at least two, and preferably three, decimal places of seconds. If a preset count facility is not
available, or if the timer does not read to the required level, use the preset time mode and adjust the time so
that approximately the same number of counts is accumulated and then record the actual counts for each
measurement.

D 4_ 2 Cociian fial cxnact matarc
e HCUCTITIAar Spetaronrctcr s

Use the
all meag

detectoi].

Set the §

D.4.3
A broad

D.5 Sy

D.5.1 §

a) Mak
whi

b) Cald
c¢) The

The cal
calculat
probabil

If the er
the exce

D.5.2 ¢

Make 2(
complet

Assess t

coarse collimator if there is more than one available (except for the test described imDd5.
urements, except for tests specified in D.5.1 and D.5.8, using the gas flow proportiohal co

pectrometer to measure FeKa. A broad pulse-height analyser (P.H.A.) windowshall be used.

pimultaneous spectrometers

P.H.A. (pulse height analyser) window shall be used with each chafinel under test.

pectrometer tests

ptability test

/). Make
unter as

e 50 consecutive measurements on the test disc. The test disc shall remain fixed in the spectrometer

e all measurements are made.
ulate the coefficient of variation of the results.

test shall be performed using each of the'detectors fitted to the spectrometer.

ulated coefficient of variation/shall not exceed 1,3 times the counting statistical errdr. If the
bd value exceeds this, it can indicate a lack of stability in the equipment since there is onlly a 1 %

ity that a value in excess of<l;3 times the counting statistical error will arise by chance.

For is greater than that folerable, repeat the test. If the error remains high, determine the rgason for

5sive error and correctthe fault.

Carousel reproducibility test

measurements on the test disc, but between each measurement rotate the carousel thrqugh one

b revolution.

he restilts as set out in D.2.

D.5.3

ounting and loading reproducibility test

This test is designed to check whether there are excessive errors associated with the remounting of a disc in
a sample holder and in reloading the sample holder into the carousel.

Make 20 measurements on the test disc, but between each measurement remove the test disc from the
sample holder and then remount and reload the test disc using the same sample holder and carousel position.
Assess the results as set out in D.2.
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D.5.4 Comparison of sample holders

The number of sample holders tested depends on the type and model of the spectrometer used and the
measurement procedure adopted.

Make a measurement on the test disc, when mounted, in each of the sample holders being tested. Use the
same carousel position.

If the coefficient of variation of the results is excessive (see D.2), the measurement shall be repeated several
times if necessary, to determine which sample holders are giving excessively high or low results.

Sample holders that pass the test shall be identified and used when precise analyses are being undertaken.

Sample holders that fail the test do so because they locate the sample at a different distance fromthe X-ray
tube. It ¢an be possible to correct this misplacement by appropriate machining of the sample holder

NOTE It is common to have large errors associated with variations in the sample holders.

D.5.5 Comparison of carousel positions

With the test disc in the same sample holder, make at least four measurements with'the sample holdgr loaded
in each ¢f the carousel positions.

If the cdefficient of variation of all the results is excessive (see D.2), the‘measurements for the individual
carouse] positions shall be inspected to determine which positions are giving excessively high or low results.

Where possible, errors arising from differences in carousel posijtiens shall be eliminated by adjusfment of
the caropsel positions. This adjustment is normally done by the.spectrometer manufacturer.

Where sjch errors cannot be eliminated mechanically, the intensity ratios for the various carousel gositions
shall be pstablished relative to one position. Thereafter,Where precise analyses are being undertaken, these
ratios sHall be used to correct the measurements from.each carousel position.

If empirical corrections are to be applied for each earousel position, the ratios should be determined|for each
wavelength where high precision is required. This is necessary as the ratios can vary with collimptor and
can ever vary with crystal and angle.

D.5.6 Angular reproducibility (for sequential spectrometers only)

For this|test, the test disc remaing in the spectrometer but between each measurement the 26|angle is
altered by 10 degrees and then teturned to its original value. Twenty such measurements are requifed.

Assess the results as set outin D.2.

An erroy in angular reppoducibility will not affect the analyses adversely if measurements on sanjples are
bracket¢d with thosé of a monitor without changing the angle between measurements. Howevgr, if the
measuring sequence involves angular changes between sample and monitor measurements, then high
angular reprodueibility is essential.

D.5.7 Coéllimator reproducibility (for sequential spectrometers fitted with an
interchangeable collimator facility)

The test disc shall remain in the spectrometer while alternate measurements are made for the coarse and
fine collimators. Twenty such pairs of measurements are required.

Note that the counting times for the measurements on the fine and the coarse collimator will be different
due to the difference in intensity.

Assess the results for the coarse and fine collimator separately as set out in D.2.

As for angular reproducibility (see D.5.6), errors associated with changing of the collimator can, or will
possibly not affect the analyses, depending on the measurement sequence used.
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D.5.8 Detector changing reproducibility (for sequential spectrometers fitted with more than
one detector)

For this test, the disc shall remain in the spectrometer. The detector used between measurements is changed
and then the original detector is selected again for the next measurement.

In some spectrometers, they are designed such that selecting another detector involves a change in the
goniometer angle as well and the reproducibility of only detector cannot be obtained. The measuring
conditions of other components remain same during the test.

However, result on the alternate detector has less meaning since the measuring conditions for the alternate
detector is not suitable for the element. Therefore, it is desirable to perform separate test with suitable

analyte
Twenty

Assess t

or testing other detector(s).
buch pairs of measurements are required.

he results for each detector separately as set out in D.2.

As for anpgular reproducibility (see D.5.6), errors associated with changing the detecfor can, or will

not affed

D.5.9 ¢

The test]
then ret

Assess t

As for ar
not affed

D.5.10

Some s
measure

be teste
a) prin
b) colli
c) atte

t the analyses, depending on the measurement sequence used.

Crystal changing reproducibility (for sequential spectrometers only)

disc shall remain in the spectrometer, but between each measurément the crystal is char
irned to its original position. Twenty such measurements ace required.

he results as set out in D.2.

gular reproducibility (see D.5.6), errors associated with changing of the crystal can, or will
t the analyses, depending on the measurement sequence used.

Dther tests

bectrometers have a variety of other, devices and where these are operated betw
ments of the monitor and those of the disc, they can give rise to errors. If this is the case, t}
 according to the criteria set out in(D:2. Examples of such devices are:

nary beam filters;
mator apertures;

nuators.

possibly

ged and

possibly

een the
hey shall
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Annex E
(informative)

Theoretical derivation of correction term in calibration

The theoretical background of the calibration equation with absorption correction of coexisting components

and mass correction of the sample, flux and sodium nitrate as oxidizer for fused discs derived from
fluorescent X-ray intensity equationsis described in this annex

The approximation formula of fluorescent X-rays of elements in fused discs can be expressed as Eormula (E.1).

The mags fraction in the fused disc is expressed in the equation.

kWi
I = (E-D)
g Wy +oo ot g Wy + g We + uiy Wy
where
[; is the fluorescent X-ray intensity of analysing element i;

4; | is the mass absorption coefficient of j component for flueréscent X-rays of analysing elenjent i;
W; | isthe mass fraction of elements in fused disc;

k; is the constant;

W | isthe mass fraction of flux in fused disc;

Wx| isthe mass fraction of remaining oxidizer (Na,0) in fused disc.

The mags fractions above are not concentrations in the sample but concentrations in the fused disc and they
are expressed as oxides. Loss on ignitiondisuot included since it does not exist in the fused disc.

Formulal (E.1) can be rewritten below.to express as mass fractions in the sample. The following symbols are
used for|masses in preparing fused-discs.

S is the mass of sample;
F is the mass offlux;
X

is the remaining mass of oxidizer (Na,0 remaining in fused disc);

L is the-miass of loss on ignition (LOI);
G is the mass of gain on ignition (GOI);
B is the mass of fused disc.

Mass of remaining Na,O in fused disc is used for sodium nitrate as oxidizer.

Regarding loss on ignition (LOI), the amount of loss as in iron hydroxide is used in the equation. CO, from
iron carbonate also does not remain in the fused disc so that it is included in ignition loss.

On the other hand, when iron is present as Fe;0,, it is oxidized to Fe,0; and the amount of gain can be
classified in mass of gain on ignition (GOI) as shown above.
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The masses above have the relationship of Formula (E.2).
B=S—-L+G+F+X (E.2)

As shown above, GOI can be regarded as negative LOI.

The relationships between mass fraction in fused disc w; and mass fraction in sample C; for each
component can be described below using the definitions of masses above.

W;=5xC; /B component in the sample

Wy #F/5 ftox
Wy EX/B oxidizer (Na,0)

The int¢nsity equation expressed with mass fractions [see Formula (E.3)] can be obtained by the mass
equations [see Formula (E.1)] that substitute the intensity equation.

kC >

1~1

S S F X
g HinCr ot linC + i ¥ iy

Formuld (E.3) can be rewritten as Formula (E.4).
k.C;
I[ — 11 X (

F
1;1C1 +++ WinCp + Wip SrHx S

LI]

4)

Mass frdctions of LOI (€}, ) and GOI (Cj; ) are expressed as follows.

c 4L/S
Cc4G/S

The totall mass fraction of components in the sample, including mass fractions of LOI and GOI is 1,0 s shown
Formuld (E.5).
C; HCy +--+C, +C+C; =1,0 (E.5)

Since LQI and G@Ido not exist in fused discs, they are not included in Formula (E.1). Therefore, the total
mass fadqtion ofssample components is not 1,0 and the difference from 1,0 is LOI or GOI.

Formuld (E-4) can be rewritten to the equation of C;

’ F X
Ci =k;I; (Hi1Ci+"'+#inCn * Hip <+ Hix ;) (E.6)

The mass ratios of flux to sample and remaining oxidizer to sample are defined as R and Ry respectively.

Rp=F/S
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Ry=X/S

The mass ratios are expressed with nominal mass ratio Rg,, Rxo and the difference.

These mass ratios were substituted in Formula (E.6).

C; =kl (1 Ci ++ HinCry + Hip Ry T i Rx)
=kl (171G +++++ 35y + g (Reg + ARg )+ iy (Rxo + ARy )] (E.7)
C; ={il; (1ipReo + Hix Ry ) (1+ 041 C; -+ 0, Cy + g AR + 0y ARy )
= k;'I,- (1+01C; ++++0,Cp, +;p ARE + 0ty ARy ) (E.8)

where

Hij
V| wpRpo + ixRxo

o Hip
iF F
MipRpo + Uix Rxo
Hix
aix T R l R
HipREg + Uiy Ry
ARg|=Rp —Rp
ARy|=Rx —Rxy

Substituting the following relationship with Formula (E.8), Formula (E.9) of calibration Equation 1
[see 9.2 h)] can be obtaineds

where Ky ==(0pRpo +aixRxo)

The constant of K;zy is determined by alpha coefficients of mass ratios and nominal mass ratios.

Formula (E.9) is derived from the approximated intensity equation and is the same as the actual calibration
equation to use. When mass ratio correction is not required, the terms from Ky can be ignored.

Additionally, the approximated correction coefficients can be estimated simply by using mass absorption
coefficients.

The actual correction coefficients to use shall be calculated using the FP method according to the equation above.
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Regarding a;z and Kz, the value o4 is simply the reciprocal number of nominal mass ratio of flux to
sample and the value of K is 1,0 when an oxidizer is not used.

Ojp =

L

- (E
MirRpo  Rpo

Kip =0;pRpp =-1,0

10)

As described above, the alpha coefficient for mass ratio correction of flux to sample varies by adding oxidizer.

In calibration Equation 2 [see 9.2 b)] and Equation 3 [see 9.2 c]], the remaining oxidizer/sample mass ratio is

treated

The alpl
containg

The cali
each coqf
OCI-F and

C. =

1
Dividing

C.’ 4

1

where (:

The cali
intensity
fluoresc

hs a component in the sample and Formula (E.11) is derived.

k,f'l,- (1+01C; +++0,Cp +Kip + ;g Rp + 0ty "'Cy ) (E

_ %ix
100

na coefficient for remaining oxidizer «;x” is obtained by the FP method assuming that
d in the sample.

bration Equation 3, in which flux/sample mass ratio is corrected by converting the concent
hponent with the nominal flux/sample mass ratio,can be derived by substituting the equ
KIF .

ki1, (1401 C; +-+-+04,Cp —1+Rp / Rpg +0tx 'Cy ) (E

mn+=n

Formula (E.12) by Rg / Rgg, the following calibration Equation 3 is obtained.

ki1 (1+0;1C; ++++0;,Co  +ix"Cx ) (E
R

l,zﬂci
Rp

bration equatioi-derivation, Formula (E.13), considers only fluorescent X-rays of an analy
 used is gross intensity for a component, the intensity includes background intensity in ad

assuminlg the influence of sample matrix is the same for both fluorescent X-ray and background in

This hyyp

othesis.is approximately true in the short wavelength X-ray range.

2, kW, kg

11)

Na,0 is

ration of
htions of

12)

13)

te. If the
dition to

ent X-ray intensity. The approximation formula of gross intensity can be described as Forﬂgula (14)
ensities.

Iig
where

Ii

I

Iy

)

R B

LW W

is the gross intensity of analyte i;

is the fluorescent X-ray intensity of analyte i;

is the background intensity.
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