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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procedy

described i

different types of ISO documents should be noted. This document was drafted in accordande\wit

editorial ru

Attention is

ia needed/fo

es of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

drawn to the possibility that some of the elements of this document may be the subje

ect of

patent rights. ISO shall not be held responsible for identifying any or all such patentrights. Detalils of

any patent rjights identified during the development of the document will be in théjIntroduction af
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade npme used in this document is information given for the convenience of users and doe
constitute ah endorsement.

For an exp
assessment,

Barriers to Trade (TBT) see the following URL: Foreword - Sufiplementary information

The commit
aluminium.

anation on the meaning of ISO specific terms and\expressions related to confor

1d /or

S not

mity

as well as information about ISO’s adherence to*the WTO principles in the Technical

tee responsible for this document is ISO/TGCY226, Materials for the production of pri

mary
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Introduction

This International Standard is based on Australian Standard AS 2879.7-1997, Alumina — Determination
of trace elements — Wavelength dispersive X-ray fluorescence spectrometric method, developed by the
Standards Australia Committee on Alumina and Materials used in Aluminium Production to provide an
XRF method for the analysis of alumina.

The objective of this International Standard is to provide those responsible for the analysis of smelting-
grade alumina with a standardized, validated procedure that will ensure the integrity of the analysis.

© ISO 2015 - All rights reserved v
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INTERNATIONAL STANDARD IS0 23201:2015(E)

Aluminium oxide primarily used for production of
aluminium — Determination of trace elements —

Wavelength dispersive X-ray fluorescence spectrometric

method

1 $cope

This|International Standard sets out a wavelength dispersive X-ray fluorescence speetroms
for the analysis of aluminium oxide for trace amounts of any or all of the following.€leme
silicgn, iron, calcium, titanium, phosphorus, vanadium, zinc, manganese, gallivm, potass
chromium and nickel. These elements are expressed as the oxides Naz0, SiQy; Fe203, CaO
V205, ZnO, MnO, Gaz03, K20, CuO, Cr203, and NiO on an un-dried sample basis:

The method is applicable to smelting-grade aluminium oxide. The conc¢entration range cove

tric method
nts: sodium,
um, copper,
TiO2, P20s,

red for each

of the components is given in Table 1.
Table 1 — Applicable concentration range

Component Concentrﬂ/zion range
Naz0 0,10 to 1,00
Si0z 0003 to 0,05
Fe;03 0,003 to 0,05
Cao 0,003 to 0,10
TiOy 0,000 5 to 0,010
P205 0,0005 to 0,050
V705 0,0005 to 0,010
ZnoO 0,0005 to 0,010
MnO 0,000 5 to 0,010
Gay0s3 0,000 5 to 0,020
K20 0,000 5 to 0,010
CuO 0,0005 to 0,010
Cry03 0,0005 to 0,010
NiO 0,0005 to 0,010

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

AS 2563, Wavelength dispersive X-ray fluorescence spectrometers — Determination of precision

AS 2706, Numeric values — Rounding and interpretation of limiting values
AS 4538.1-1999 (R2013), Guide to the sampling of alumina — Sampling procedures
AS 4538.2-2000 (R2013), Guide to the sampling of alumina — Preparation of samples

© ISO 2015 - All rights reserved
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3 Principle

A portion of the aluminium oxide test sample is incorporated, via fusion, into a borate glass disc using a

casting tech

nique. X-ray fluorescence measurements are made on this disc.

Calibration is carried out using synthetic standards prepared from pure chemicals using a two-point
regression. Matrix corrections may be employed but, because of the low levels at which the analytes are
present in the Al;03 matrix, will have negligible effect within the scope of the method.

Intensity measurements are corrected for spectrometer drift.

A certified r

ference material, (see Annex E) is used to verify the calibration

4 Reage

4.1 Flux i

This flux id
Minimize w

See Annex H
4.2 Alum]
Prepared by
To ensure t
preparing a
intensities f

The method
purity alum
in calibratid
aluminium

4.3 Sodiuy|

Prepared by

4.4 Silico

Prepared by

4.5 Iron(]

nts and materials

mixture of 12 parts lithium tetraborate to 22 parts lithium metaborate, pre‘fused.

hter uptake by storing flux in an airtight container.

for comments on flux purity.

inium oxide (Al;03), high purity, nominally 99,999 % Al70s.
heating to 1 200 °Cz 25 °C for 2 h and cooling in a désiccator.

he high purity Al;03 is not contaminated with*analyte elements, analyse it before u
disc made from the aluminium oxide (referred to as a “blank disc”) and measurin
br each analyte element.

for the measurement of blank discs is given in 7.4.5. If a number of differently sourced|
inium oxides are tested select the(one with the lowest countrates for impurities fo
n and blank discs. A.3 gives instrnuctions for reducing silica contamination in high p
xide and may be employed if required.

Im tetraborate (Na;B407), hominally 99,99 % NazB407.

heating to 650 °C £25 °C for 4 h minimum and cooling in a desiccator.

h dioxide (Si9»), nominally 99,9 % SiO».

heating®o 1 200 °C + 25 °C for 2 h and cooling in a desiccator.

II)’oxide (Fe03), nominally 99,9 % Fe,03.

available commercially. Flux will absorb atmospheric moisturewhen exposed t¢ air.

be by
b net

high
r use
urity

Prepared by heating to 1 000 °C % 25 °C for a minimum of 1 h and cooling in a desiccator.

4.6 Calcium carbonate (CaC03), nominally 99,9 % CaCO3.

Prepared by heating to 105 °C = 5 °C for 1 h and cooling in a desiccator.

4.7 Titanium dioxide (Ti0O3), nominally 99,9 % TiO».

Prepared by heating to 1 000 °C * 25 °C for a minimum of 1 h and cooling in a desiccator.

4.8 Ammonium dihydrogen orthophosphate (NH4H;P04), nominally 99,9 % NH4HPOj4.

Prepared by heating to 105 °C = 5 °C for 1 h and cooling in a desiccator.

© ISO 2015 - All rights reserved
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4.9 Vanadium pentoxide (V;05), nominally 99,9 % V,0s.

Prepared by heating to 600 °C % 25 °C for 1 h and cooling in a desiccator.

4.10 Zinc oxide (Zn0), nominally 99,9 % ZnO.

Prepared by heating to 1 000 °C * 25 °C for a minimum of 1 h and cooling in a desiccator.

4.11 Manganese oxide (Mn304), nominally 99,9 % pure.

Heat manganese dioxide (99,9 % pure, MnO3) for 24 h at 1 000 °C + 25 °C in a platinum crucible and cool
in a dessicator. Crush the resultant lumpy material to a fine powder. The product material is Mn304.

4.12| Gallium oxide (Ga03), nominally 99,9 % Gaz03.

Preppred by heating to 1 000 °C * 25 °C for a minimum of 1 h and cooling in a desiccator.

4.13| Potassium carbonate (K2CO3), nominally 99,9 % K,CO3.

Preppred by heating to 600 °C * 25 °C for a minimum of 2 h and coolifag'in a desiccator.

4.14| Copper oxide (Cu0), nominally 99,9 % CuO.

Preppred by heating to 1 000 °C * 25 °C for a minimum of 1\h*and cooling in a desiccator.

4.15| Chromium(III) oxide (Cr203), nominally 99,9 % €r203.

Preppred by heating to 1 000 °C + 25 °C for a minimum of 1 h and cooling in a desiccator.
4.16| Nickel(II) oxide (NiO), nominally 99,9% NiO.

Preppred by heating to 1 000 °C + 25/°C\for a minimum of 1 h and cooling in a desiccator.

4.17| Certified Reference Matetial (CRM), one or both of the alumina materials NIST699 and ASCRM027.

Preppred by heating to 300°2C = 10 °C for a minimum of 2 h and cooling in a desiccatoi Details for
NIST|699 can be found at www.nist.gov. A test report for ASCRMO027 is available from SAI-Global, www.
saiglpbal.com, details-of.availability can be found within this International Standard.

5 Apparatus

5.1 | Platinum crucible, non-wetting, platinum-alloy with a platinum lid and having a capacity
com;l)atible with the bead requirements.

Typical crucibles have a volume of 25 mL to 40 mL.
Crucibles shall be free of all elements to be determined.

NOTE Silica has been found to be a common contaminant of platinum metal alloys, and a suggested method
for cleaning platinum ware to remove silica is given in A.2.

5.2 Desiccator, provided with an effective, non-contaminating desiccant.
All heat treated reagents (4.2 to 4.17) shall be stored in a desiccator.

NOTE Pelletized molecular sieves and phosphorous pentoxide have been found to be satisfactory desiccants.
Silica gel is not suitable.

© IS0 2015 - All rights reserved 3
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5.3 Electric furnace, fitted with an automatic temperature controller and capable of maintaining a
temperature of 1 200 °C + 25 °C.

5.4 Platinum mould, non-wetting, platinum or platinum-alloy, circular-shaped of the type
shown in Figure 1 and with dimensions compatible with sample holders employed in the particular
spectrometer used.

An example of a 35 mm mould is given in Figure 1.

The surfaces of moulds shall be free of all elements to be determined, flat and polished to a mirror finish.

- . . P L
DUIITICTTISTUILS IIT TIITIT l_llUL IIT )Cale)

| 35 _
| | 2
| i
\ / i
|
6
32
39
Figure 1 — Drawing of platinum/5 % gold mould
NOTE Silica has been found to be a commeon contaminant, and a suggested method for cleaning plafinum

ware and to jemove silica is given in A.2.

5.5 X-ray|fluorescence spectrometer, wavelength dispersive, vacuum path X-ray fluoresg¢ence
spectrometqr, provided that the perfermance of the instrument has been verified and found to comply
with the manufacture’s specifieations or the performance requirements given in AS 2563, “Wavelgngth
dispersive X|— ray fluorescenceSpectrometers — Determination of precision.”

5.6 Vibratory mill, having grinding components that do not contaminate the intermediate calibration
glass (ICG) with analgte’elements.

Take care tq ensure that contaminants from the grinding equipment do not affect the analysis.

NOTE A - 4 4 Jos a | H - H g el 1 £ & 1 -y o 4
uliriiid, LHIISDLCII Ladl UITUtT dllu Z11' CUlIIld Bl uu.uug CUIHPUIITIILS TIdVE UTTIT TUULIU LU UT Satisidiiuly.

5.7 Fusion equipment, an electric furnace capable of maintaining a temperature of 1 100 °C * 25 °C.

A flat, level heat sink is required to cool hot charged moulds. Using both an aluminium and ceramic
heat sink is effective, where initial cooling is achieved on the ceramic heat sink and quicker cooling to
ambient temperature is achieved on the aluminium heat sink.

Alternatively, commercially available automatic fusion machines may be used since the development of
modern automated fusion equipment has made bead preparation faster and significantly less operator-
dependent. Most of these machines use similar sized crucibles and moulds to those described in the
manual method and simulate the action required to ensure complete dissolution of the sample in the
molten flux. The use of these devices to prepare fused beads is acceptable as long as the agitation

4 © IS0 2015 - All rights reserved


https://standardsiso.com/api/?name=4c8b46e7b203111f7e4857de04989029

ISO 23201:2015(E)

provided is sufficient to ensure complete dissolution of the samples and that it can be demonstrated
that the results so generated achieve the accuracy and precision criteria outlined in Clauses 11 and 12.

WARNING — Warning: certain flame fusion devices have been found to reduce reported Fe;03
levels by up to 0,002 % due to reduction and subsequent alloying with the Pt crucible. Other
elements may also be affected. For burner type fusion devices an oxidizing flame shall be used.

5.8 Balance, analytical balance capable of weighing up to 100 g, to the nearest 0,1 mg.

5.9 Platinum tipped stainless steel tongs, for transferring crucibles (5.1) and their lids in and out of
the furnace ('—“\7?) and where npp]ir‘thp fusion equipment (ﬂ) of a ]pngfh and construction suitable for

safely performing this task.

A heat shield fitted to the front of the tongs’ handles is advisable. Titanium tongs mayalso|be used but
titanfium contamination must be avoided.

5.10| Stainless steel mould tongs for transferring moulds (5.4) in and out ofthe’furnace (5.3]) and, where
applicable, fusion equipment (5.7) of a length and construction suitable for(safely performing|this task.

They| are typically of a two pronged forked design, the prongs fit.the mould’s undersife, securely
suppprting it. A heat shield fitted to the front of the tongs’ handle/is advisable.

5.11(Monitor disc, described in 7.4.4.

6 S$ampling and samples

Bulk|samples shall be taken in accordance with AS 4538.1 and test samples prepared in[ accordance
with|AS 4538.2 Weighed test portions are extraéted from test samples and may be dried|or analysed
as-received. As-received samples often contain up to 3 % moisture and proper drying requires a 300 °C
treatiment. Procedures for this are containedin ISO 806.

It is possible to fuse and produce barate discs from as-received test samples. However alumina used
for ajJuminium production typically contains a few mass per cent of particles greater than {150 micron,
consgquently better repeatability.is often achieved by grinding in a vibratory mill (5.6){ Grinding is
recommended if coarse impukities are present from the manufacturing process. Examples of these
contaminants are refractory-fragments from the calcination process or quartz particles not removed
during refining.

7 Procedure

7.1 | General

Calibration is performed using a two-point regression. Determine the zero concentration point from a
blank—catibrationdiscof fluxand-highpurity Alz03andthe-highconcentratiompointfrom a synthetic
calibration disc (SCD) derived from flux and an intermediate calibration glass (ICG). Make a correction
for the loss of mass on fusion of the flux, by establishing a value for the loss on fusion of each batch of flux.

Test sample discs are produced using a specified flux-to-sample ratio of 2:1 and the masses given in
Table 3, Table 5, and Table 6 are calculated for this ratio. Other ratios have been found to be satisfactory
but require re-calculation of the masses in these tables (see Annex C). Higher ratios than the specified
2:1 substantially improve dissolution and ease of disc preparation but count rates for analytes will
decrease. Ratios up to 5:1 are successfully used on modern spectrometers.

Also, different mould sizes may be used. This only requires that fusion masses in Table 3, Table 5, and
Table 6 be adjusted proportionately to the mould’s volume.

© IS0 2015 - All rights reserved 5
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7.2 Preparation of calibration specimens

7.2.1 Determination of loss of mass on fusion of flux and flux correction

Determine t

he loss on fusion as follows:

a) weigh a clean dry platinum crucible (5.1) to the nearest 0,1 mg (m1);
b) add approximately 4 g of the flux (4.1), weighed to the nearest 0,1 mg (my), to the crucible and place
in a furnace at 300 °C £ 10 °C. Slowly increase the temperature to 1 100 °C + 25 °C over 1 h;
¢) after hotdire st 100-26225-Cfor 20-minremove fromtheturraceatow-to-eoaHaadesierator
and then re-weigh to the nearest 0,1 mg (m3);
d) calculatle the loss on fusion using Formula (1):
m, + m, —m
Loss on [fusion (LOF) = - 2 3 (@8]
m,
where
mq is the mass of clean dry crucible, in grams;
my is the mass of flux before heating, in grams;
m3 is the mass of crucible plus flux after heating, in grams:
To determine the mass of flux to be taken in 7.2.2, 7.2.3, 7.2.4.and 7.3, use Formula (2):
Correctgd mass=mass given / (1 — LOF) (2)

7.2.2 Pre
Prepare the

Select the m)|

paration of intermediate calibration glass (ICG)
reagents by heating and cooling as shown in Clause 4.

asses of reagents used to (prnepare the ICG in accordance with Table 2.

If any elements in Table 2 are notTequired, they may be omitted from the ICG. In this case, increase the

mass of flux/in Table 2 by the equivalent mass of that reagent after fusion. (See Annex C).

Where reagents are omitted, the addition of extra flux will change the masses of flux and Al;03 [from

those shown in Table 3;.Use the information given in Annex C to calculate the new masses required.

Prepare the|ICG asfollows:

a) add the|weighed reagents (as per Table 2, weighed to within 0,1 mg) to the crucible (5.1) and mix
thorou hly’ ensuring that no contamination or loss of material occurs. Cover the crucible with its
lid and keep the crucible covered for the rest of the procedure, except while stirring the contents;

b) transfer the covered crucible and contents to the electric furnace (5.7), maintained at 300 °C £ 10 °C;

c) slowlyincrease the furnace temperature to 1 100 °C £ 25 °C over a period of not less than 1 h, at the
same heating rate as used in 7.2.1(b);

d) maintain this temperature for 5 min and then swirl the crucible and contents to mix the molten mass;

e) after a further 15 min at 1 100 °C £ 25 °C, remove the crucible and allow it to cool on a heat sink
(described in 5.7). When cool, the glass may be tapped from the crucible;

f) grind the glass in a vibratory mill (5.6).

6 © IS0 2015 - All rights reserved
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Transfer the ground glass to an airtight container and store in the desiccator (5.2).

Table 2 — Reagent masses for intermediate calibration glass

M . Equivalent mass of reagent after
Reagent ass Conversion factor to fusion
g mass of equivalent oxide o
Flux 4,247 5a 4,247 5
NazB407 51913 0,308 2 1,600 0 Na20
3;594-3-B406-reports to flux
SiOy 0,0800 1,000 0 0,080:0
Fe 0B 0,080 0 1,000 0 0,080 0
CaCQs3 0,285 5 0,560 4 0,160 0
TiO; 0,016 0 1,000 0 0,016 0
NH4H2PO4 0,129 6 0,617 0 0,080 0
V04 0,016 0 1,000 0 0,016 0
Zn0O 0,016 0 1,000 0 0,016 0
Mn304 0,017 2 09301 0,016 0 Mn(
0,001 2 oxygen reports to flux
GazQ3 0,032 0 1,000%0 0,032 0
K2CQ3 0,023 5 0,681 2 0,016 0
CuO 0,016 0 1,000 0 0,016 0
Cr0p 0,016 0 1,000 0 0,016 0
NiO 0,016 0 1,000 0 0,016 0
Totall mass of ICG 10,000
a  This flux mass shall be loss corrected as per Formula (2).
7.2.3 Preparation of the synthetic calibration disk (SCD)
The masses of SCD reagents suitable for 35 mm and 40 mm moulds are given in Table 3. These masses
may pe reduced or increased proportionally to suit any other size mould.
Table 3 — Reagent masses for synthetic calibration disc
Reagent Mass for 35 mm mould |Mass for 40 mm mould
8 8
Intermediate calibration 0,1250 0,187 5
glass
Fluxab 3,902 0 5,853 0
High purity Al;03b 1,973 0 2,959 5
Total mass 6,00 9,00

a  This flux mass shall be loss corrected as per Formula (2).

b If elements in Table 2 are omitted and/or a flux-to-sample ratio higher than 2:1 is used,
Annex C should be used to calculate new masses for Table 3.

© ISO 2015 - All rights reserved
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SCD as follows:

add the weighed reagents (to the nearest 0,5 mg) reagents to the crucible (5.1) and mix thoroughly,

ensuring that no contamination or loss of material occurs. To facilitate dissolution, intimate mixing

is essen
b)
maintai

d)

tial;

n this temperature for 5 min, and then swirl the crucible to assist dissolution;

transfer the crucible and contents to the furnace (5.7), which is maintained at 1 100 °C £ 25 °C;

after a further 15 min at 1 100 °C = 25 °C, swirl the crucible once more. Repeat the swirling at

5 min intervals until all alumina is fully dissolved. Place the mould (5.4) next to the crucible in the

furnace|
Care sh

e)

remove
approxi

when th
desiccaf

f)
Alternativel
b to e are pg

Prior to stol
shall not col
bubbles. Def

When not b{

To avoid cor
surface by h

If paper lab

analytical syirfaces of other discs. Do not us€ paper envelopes to store the discs.

d

NOTE P

The compos|

[y these discs may be made using an automatic fusion machine (5.7), in this case steps

at least two minutes before casting, and then pour the crucible contents into the/m|
buld be taken to maximize the transfer of the melt to the mould;

the mould and allow it to cool on a heat sink (5.7) in a contamination-free environment.
mately 2 min, the glass will pull away from the mould and may be tapped out'when cool

e glass disc is at ambient temperature, transfer it to an airtight container and store i
or (5.2).

rformed by such a device.

rage, inspect discs visually, paying particular attention te the analytical surface. The
itain un-dissolved material, and should be whole and free from crystallization, crack
ective discs shall be re-fused in the crucible, or discarded and substitute discs preparsg

bing measured, discs should be stored in a clean desiccator.

tamination of the analytical surface, handlé.the specimen by its edges and do not touc
hnd or treat in any way. Specifically, do net grind, polish or wash with water or other soly

bls are used on the backs of discs; take great care to ensure that labels do not contad

per labels and envelopes are elay-coated and readily cause contamination by silicon and alumi

ition of the synthetic calibration disc is given in Table 4.

ould.

After

n the

7.2.3

discs
b and
od.

h the
ents.

t the

nium.

© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=4c8b46e7b203111f7e4857de04989029

Table 4 — Composition of synthetic calibration disc

ISO 23201:2015(E)

7.2.4

The j
be rdg

Prep
accej

Component Concentration, %
Naz0 1,000
SiO2 0,050
Fe;03 0,050
CaO 0,100
TiO; 0,010
P,0s5 0,050
V305 0,010
Zn0 0,010
MnO 0,010
Gay0s3 0,020
K20 0,010
CuO 0,010
Crp03 0,010
NiO 0,010

btable for these discs.

Preparation of the blank calibration discs

Table 5 — Reagent masses for blank calibration disc

Reagent Mass for Mass for
35 mm mould 40 mm mould
g g
Fluxab 4,000 6,000
High purity 2,000 3,000
Al,03Db

fusion.

a  This flux mass shall be corrected for loss of mass on

b Ifa flux-to-sample ratio higher than 2:1 is used, Annex C
should be used to calculate new masses for Table 5.

masses of reagents required to prepare each blankalibration disc are given in Table 5. They may
duced or increased proportionally to suit anyother size mould.

are at least two blank discs in the same manner as in 7.2.3, however weighing to within 1 mg is

7.3 Preparation of the sample discs

The mass of sample and the mass of flux required to prepare a test disc are given in Table 6. They may
be reduced or increased proportionally to suit any other size mould. Discs are prepared in the same
manner as in 7.2.3.

Flux shall be weighed to within 2 mg and the sample to within 1 mg of the tabled mass.

© ISO
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Table 6 — Sample and flux masses for test sample preparation

Mass for 35 mm | Mass for 40 mm
mould mould
g g
Flux ab 4,000 6,000
Test sampleb 2,000 3,000
a  This flux mass shall be corrected for loss of mass on

fusion.

b [fa flux-to-sample ratio higher than 2:1 is used, Annex C

7.4 X-ray

74.1 Gen
The Ka anal

All measury
elements to
X-ray tubes
Chromium t

It is prefe}
determinati
background|
acceptable i

It is recomn|
the X-ray flo
radiation sig
does not dif]

A counting 1
for counting
intensity of

If vanadium
the effect of]

should be used to calculate new masses for Table 5.

fluorescence measurement

eral instrumental conditions

ytical lines are preferred, suggested measurement conditions are given in Table 7.

bments shall be made under vacuum. Appropriate X-ray tubé.anode materials fo

have been found to be satisfactory for the elements specifiedin this International Stan
ubes are also satisfactory, unless chromium is being detetmined.

able, where possible to use off-peak background measurements as more rel
pons for test samples are expected. Where the background is sloping measure two off-
intensities on either side of the peak position. Making a single off-peak measureme
f the background is flat.

lended that X-ray detector pulse-heightSelection be used. If the PE crystal is used for
w counter detector must use a suitable pulse-height selection to exclude second order
rnals and its associated escape peak: The use of a Ge crystal for P Ka is recommended
‘ract the interfering second orderCaK§f} radiation.

b statistical error indicated in 7.4.6 are achieved. Using these counting times, the
pach line shall be recorded. If required, the background intensity shall also be recorde

and / or chromiumare being determined, spectral line overlap correction is mandatof
Ti KB on VKa@nd V Kf on Cr Ka

" the

be determined shall be used. Rhodium, scandium and seandium / molybdenum anode

Hard.

iable
peak
nt is

P Ka,
CaKB
as it

ime strategy shall be used-so'that, for the test specimens, the relative standard deviafions

K-ray
d.

y for
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Table 7 — Suggested conditions of measurement

Ka Line Crystal Theoretical peak
20 angle, degrees
Na TI1AP or 55,1
Multilayer Depends on “d” spacing
Si PE or 109,215
InSb or 144,6
Multilayer Depends on “d” spacing
Fe LiF (200) 57,49
Ca LiF (200) 113,09
Ti LiF (200) 86,14
P PET or 89,56
Ge(111) 141,03
Y LiF (200) 76.9%
Zn LiF (200) 41,80
Mn LiF (200) 62,97
Ga LiF (200) 38,92
K LiF (200) 136,76
Cu LiF (200) 45,14
Cr LiF (200) 69,54
Ni LiF (200) 48,81
7.4.1 Guidelines for instrument optimization
It is Fecommended that correct operation of the instrument is assessed in accordance with AS 2563.
Addifionally, carry out X-ray intensity scans for each element to be determined (this is not|possible for

simulltaneous instruments). This'shall be done for a minimum of 1,5° either side of the theoretical 26
peakposition. Suggested counting conditions are 10 s count time per step, and 26 angle step increments
of 0,05°. The scans shall be carried out at least once prior to calibration and do not need to|be repeated
until|a future calibration/ The scans are run on prepared discs of the blank, the syntheti¢ calibration
disc,|and at least onedisc of the test alumina type to be analysed. They allow checking for fhe presence
of peak and backgiround interferences, correction of the theoretical 20 peak positions and jobservation
of pefak-to-background ratios. If required, the choice of background correction positions shall be based
on these scans/ Channel setting options (e.g. tube power, crystal and collimator type) shpll be set to
optirhize sensitivity and, if required reduce overlap effects. The presence of contamination|in the blank
or spectrometer shall be checked as described in B.3. Annex B further explains instrument or)timization.

7.4.3 Sample loading

Present the flat analytical surface of the disc to the X-ray beam for analysis.

7.4.4 Monitor disc: correction for instrumental drift

To compensate for drift in X-ray tube output intensity, ensure all X-ray measurements are drift corrected
by reference to a monitor measurement. The initial monitor measurement is made immediately prior to
measuring the calibration discs. Subsequent batches of test sample disc measurements are corrected to
the equivalent intensities that would have been measured had they been made at the same time as the
calibration discs. This is called drift correction.

© IS0 2015 - All rights reserved 11
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Update the monitor disc intensities regularly enough to ensure that any spectrometer driftis corrected.
If samples are measured less often than on a daily basis, re-measure the monitor disc intensities with
each batch of test samples analysed.

Counting times for each element measured in the monitor shall be long enough to ensure that the
contribution from counting statistical error to the drift correction factor (see Formula (4) is no larger
than 0,2 % relative (at one standard deviation). In practice, this means that at least 500 kilocounts in
total have to be measured for each monitor-corrected element each time the monitor disc count rates
are updated. The monitor disc shall be measured in the same sample cup each time it is measured. Care
must be taken to ensure the monitor surface is not contaminated.

The require
output and

the test disg
The stabilit
control sam
problems ol

Monitor dis
does not exd

A method fdq
available an|

7.4.5 Med

Measure at
and high pu
errors (at oy

Calculate m
achieve the
total time af
errors will
measureme
in Table 8. |
in counting
statistical e
reduce to 0,

The measur
a)

b) atleast

a monit

Irity Al;03 blank discs to create a calibration.,The maximum allowable counting statij

llClltD ufa lllUllitUl d;bb uocd fUl dl ift CUI'l C\,tiUll dl' T that it ib otab}c \AY ith I CD[JC\,t tU iutc
that it gives intensities for the various analytes significantly greater than intensities
s. Drift correction using a monitor is only viable if the monitor being used remdins' st
y of monitors shall be determined by normal quality control techniques, i.e.-by cha
pble or reference sample results, observing statistically significant variationsand corre
served.

's may contain high concentrations of silicon, ensure that the monitoris countrate for
eed the saturation threshold of the flow-proportional detector.

r making suitable monitor discs is given in Annex D. Commereially supplied monitor
d have been found to be suitable?).

surements for calibration

east duplicate synthetic calibration discs (i.e. tw0-SCD’s made from the same batch of

le standard deviation) for the SCDs are givemwin Table 8.

pasurement times for the SCD’s (using«Formula (B.1), Formula (B.2), and Formula (B
counting relative standard deviations given in Table 8. For the blank discs, use the
calculated for the SCD. Longer timies may be used, in which case lower counting statis
be achieved. Table B.1 gives examples of counting time calculations based on somg
hts. Some elements require very short times to achieve the counting statistical errors

‘or these elements counting‘times could easily be quadrupled with a consequent ha
statistical error (e.g. Ga _only requires a total time of two seconds to achieve a cou
Fror of 0,000 3 %, if(this time is increased to eight seconds counting statistical erroj
D00 15 %).

ing requirement/for calibration is as follows:
br disc. (7:44);

two synthetic calibration discs. (7.2.3);

sity
from
able.
rting
cting

silica

S are

ICG)
tical

3) to
same
tical
real
riven
lving
hting
will

atleast

<)

wa blank calibration discs (7.2 4)

1) Known successful application of this method has used monitor discs supplied by Coltide (www.coltide.com.au)
and Breitlander (www.breitlander.com). Mention of these suppliers is done for completeness of the method and
does not imply endorsement by ISO. Others suppliers may also be appropriate.
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Table 8 — Standard deviations for counting statistical errors for the measurement of the SCD’s

Analyte Standard deviation, Relative standard
absolute deviation (E)

% %

Naz0 0,003 0 0,3
N{F) 0,000 5 1,0
Fez03 0,0005 1,0
Ca0 0,0005 0,5
TiO> 0,0003 3,0
P705 0,0003 0,6
V05 0,000 3 3,0
Zn0 0,000 3 3,0
MnO 0,000 3 3,0
Gaz03 0,0003 1,5
K20 0,0003 3,0
CuO 0,000 3 3,0
Crz03 0,000 3 3,0
NiO 0,0003 3,0

7.4. Measurement of test discs

Meagure test discs to counting statistical errars’of <1 % relative standard deviation for
Fe;0p and CaO, and <3 % for all other analytes, as calculated from count rates measured on|

Anngx B for calculation method).

8 Calculations

8.1 | Calculation of net intensity

If background-corrected intensities are required, calculate the net intensity for each

using Formula (3):

I, “is the net intensity, in counts per second;

I, isthe measured intensity, in counts per second;

Na»0, SiO»,
an SCD (see

component

(3)

1p is the intensity at the off-peak background position. Where high and low angle backgrounds

are measured, refer to B.4 for the calculation method.

© ISO 2015 - All rights reserved
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8.2 Comparison of duplicate measurements for the Al03 blanks and Synthetic
Calibration Discs (SCDs)

8.2.1 SCDs criteria for the acceptability of duplicate measurements

Differences in intensities for duplicate SCDs shall be within a range corresponding to 3E, where E refers
to the relative counting statistical error as outlined in Table 8. If this criterion is not met, identify and
correct the reason for the error and repeat the measurements.

8.2.2 Al;03 blanks criteria for the acceptability of duplicate measurement

8.2.2.1 Pgq

ak only measurements

The countinjg statistical error ¢ for measuring the peak only intensity for a blank disc is

G:(Ip

where

I, istl

tp istl

Differences
[Formula (4
measureme

8.2.2.2 Ng

tp

)1/2
ne measured peak intensity, in counts per second;

e the counting time on the peak, in counts per second.

in peak intensities for duplicate blanks shall be within a range corresponding td
]. If this criterion is not met, identify and correct‘the reason for the error and repeg
hts.

t intensity measurements

The countinig statistical error ¢’ for measuring thenet intensity for a blank disc is

1/2
/tp +1b/tb)

ne measured peakintensity, in counts per second;

ne intensity ab the off-peak background position, in counts per second, or where a high
angle bacKground is measured, refer to B.4 for calculation of this figure;

e counting time on the peak in seconds;

o = (Ip
where

IlD is t]

Iy istl]

low

tp is t]

tp istl

néthe counting time on the background in seconds.

(4)

30
t the

(5)

and

Differences in net intensities for duplicate blanks shall be within a range corresponding to 3o’
[Formula (5)]. If this criterion is not met, identify and correct the reason for the error and repeat the
measurements.

14
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8.3 Drift correction of measured intensities

Calculate monitor-corrected intensities from the measured intensities using Formula (6):

I'=I1xM,/M (6)

where
4 is the monitor-corrected intensity, in counts per second;

I is the measured on-peak intensity, or if using background-corrected intensities the net inten-
sity calculated using Formula (3);

Mo isthe initial monitor intensity obtained during calibration, in counts per second;
M isthe updated monitor intensity, in counts per second.

Mo /M is referred to as the monitor drift correction factor.

8.4 | Calculation of the calibration parameters

The dlrift-corrected intensities C are converted to concentration tising Formula (7):

q=ExI'-D (7)
whertte

¢ is the concentration, in percent;

K is the calibration slope constant,.impercent per counts per second;

I is the monitor-corrected net:ifitensity;

D is the residual background equivalent concentration below the peak.

The P and E factors are explaihed and determined as follows.

The D factor is derived from'the Alp03 blank measurements for each analyte. D representp the sum of
the equivalent background concentration contributions from contaminants in the flux, the|Al;03 blank
and from the spectremeter. If off-peak background intensities are not subtracted from peak intensities
then(the D value will’be much larger because background from tube scattered X-rays are injcluded in an
on-peak only nieasurement. Subtracting the off-peak background from the peak intensity eliminates
mosf of the scattered tube radiation background component.

Additionally if the Alp03 blank contains impurities of a measured analyte, the D factor will pe too large,
biasipngthe test result low. Impurity analyte contamination in a batch of flux must be homogenous in
order to achieve consistent test results but different batches of flux will contain different impurity
concentrations. When a different batch of flux is used, changes to the D value must be determined and
applied to compensate for these changes. The D factor can also be used to indicate variations in flux
purity from batch to batch. (See Annex F).

E and D parameters are determined as follows:

E=Co/ (I~ 1) ©®)
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D=1 xE

where

(9)

Co isthe percent concentration in the synthetic calibration disc of the analyte being considered
(Table 3);

i isthe average monitor corrected on-peak intensity of duplicate calibration discs, or if back-
$  ground correction is required, the average monitor corrected net intensity calculated using

Fo

Il iS
b gr
Fo

Modern spe¢ctrometers incorporate software calibration packages and with some” systemg

calculation
packages m

9 Consigtency checks and reporting results

If replicate discs of a test sample are made and averages of multiple analyses reported, replicate aniItyses
shall agree yithin the “r” repeatability statistic 95 % of the time. Ifreplicate determinations fall o

thisrange e

Report averpges to two decimal places for sodium oxide and-three decimal places for all other o
with concentrations greater than 0,005 %. Lower level traces (less than 0,005 %) may be report

four decima
averages fal
this lower ¢

10 Precis
The values
(reproducib

inter-labora

the test pro

Note: the rdpeatability, i given in Table 9 is for a single sample analysis. The quadruplicate ang
used in the test program was necessary to calculate this statistic.

rmula (3);

'he average monitor corrected on-peak intensity of duplicate calibration blanks, or, it'h
bund correction is required, the average monitor corrected net intensity calculated us
rmula (3).

methodology is not disclosed. Where the methodology is disclosed @nd acceptablg
hy be used provided the accuracy criteria in Clause 11 are achieved.

kxclude them from the average calculation. Repeatability values are given in Table 9.

[l places if precision performance at one stattdard deviation is 0,000 2 % absolute or lg
| below the lower concentration range stated in Table 1, report the result as being less
pncentration limit. Results shall be rounded in accordance with AS 2706.

ion

for within-laboratory precision (i.e. repeatability, r) and between-laboratory preg
lity, R) should not exceed the values given in Table 9. These values were derived fro
tory test program conducted according to AS 2850. Eight samples of different composi

Pram.

ack-
ng

the
, the

side

kides
ed to
ss. If
than

ision
m an

fions
and sourced from several refineries were analysed in quadruplicate. Eight laboratories participat]

ed in

lysis

%

Table 9 —Precision results (absolute) of XRF analyses for the sample test program(at 95
confidancoeloavell)
confidencelevel
Analyte Repeatability, r Reproducibility, R
% %
Nap02 0,011 8c + 0,007 0,052 1c + 0,005
Si0; 0,006 3 0,007 7
Fe,03 0,002 4 0,003 2

16

Annex E.

NOTE 1 The inter-laboratory test program results for ASCRM 27 and NIST 699 are given in

NOTE 2 The rand R values for Naz0 are expressed as a function of the mean analysis value
(c) because of the inter-laboratory test program data showed this to be the case. Over the
range of samples tested, similar function could not be derived for the other elements; for
these the fixed values calculated are given.
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Table 9 (continued)

Analyte Repeatability, r Reproducibility, R
% %

Ca0 0,001 4 0,002 2
TiOy 0,001 2 0,001 3
P205 0,000 7 0,0009
V205 0,0009 0,001 0
Zn0 0,000 7 0,000 8
MnO 0,000 4 0,0005
Gaz03 0,000 7 0,001 0
K20 0,000 6 0,0009
CuO 0,000 7 0,000 8
Cry03 0,000 6 0,000 7
NiO 0,000 7 0,0009
NOTE 1 The inter-laboratory test program results for ASCRM 27 and*NIST 699 are given in
Annex E.
NOTE 2 The rand R values for Naz0 are expressed as a funttion of the mean analysis value
(c) because of the inter-laboratory test program data sh@wed this to be the case. Over the
range of samples tested, similar function could not be derived for the other elements; for
these the fixed values calculated are given.

11 Accuracy

Priof to test sample analysis the calibrationsshall be verified by analysing the certifigd reference
matdrials ASCRM 027 and/or NIST 699 (4:17). Average values for triplicate determinatigns shall lay
withjn the “R” reproducibility statistic ef-the certified value (see Tables E.1 and E.2). If they are not,
invegtigate the reasons and correct the cause

Resuflts consistently biased low ‘may be due to contamination by that element of the |high purity
aluminium oxide (4.2) used id the production of calibration discs. This problem can be femedied by
sourfing and testing higher purity aluminium oxide as explained in 4.2.

12 Quality assurance and control

A sujtable homegénous control sample shall be analysed with each batch of test samples, dr at least on
each|day samples are analysed. Control analyses shall be charted and statistically signifianit trends and
deviations from average values investigated and their causes addressed.

A usefu] diagnostic tool is to measure the same disc numerous times in succession pn the XRF
spectrometer— The stamdarddeviation for repeat mreasurentent for eachamatyte shoutdbe very close
to the expected counting statistical error and this can be calculated using Formula (4), or Annex B
[Formula (B.3)]. If the variability is significantly greater than counting statistical error, investigate and
correct the cause. This variability is most often a consequence of instrument problems.

13 Test report

The test report shall contain the following information:

a) identification of the sample;

b) areference to this International Standard, i.e. ISO 23201;

c) the date on which the test was carried out;

© IS0 2015 - All rights reserved 17
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d)

f)

18

the sodium, silicon, iron, calcium, titanium, phosphorus, vanadium, zinc, manganese, gallium,
potassium, copper, chromium, and nickel contents, expressed as oxides, and the basis on which they
are reported, i.e. dried or un-dried. If samples are dried, the drying conditions used shall be stated;

in any case, whether the analyses were performed on a dried or un-dried sample, the drying
conditions shall be included in the report;

any unusual observations made during the course of the test which may have had an effect on the
result.
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Annex A
(informative)

Contamination issues and care of platinum ware

General

fral interference may occur from analyte elements present in X-ray instruments,
hration environment and reagents, including the flux and the high-purity-aliumi
lank. It is essential that contamination sources be identified. If the contaminant is
variable source, it has to be eliminated. Constant sources, e.g. impurities\in the X-r

compensated by the blank correction.
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Platinum ware

hmination of calibration and test sample fused glass discs €an result from silica in t

New platinum ware is likely to contain silica as an impurity. Platinum ware that has b

. Steps shall be taken to eliminate all sources:0f*contamination in sample preparat

hminants such as iron.

ht the hydrofluoric acid treatment.

lumina of known analySis* can be analysed using the treated platinum ware t
hmination of discs madé using this platinum ware.

NING — EXTREME CARE SHALL BE TAKEN WHEN HANDLING HYDROFLU
ROPRIATE SAFETY EQUIPMENT AND HANDLING TECHNIQUES SHALL BE FOLL
rial Safety Data Sheet). A WASH-DOWN FUME HOOD SHALL BE USED FOR THE FU

hedface of the mould.

and from the laboratory environment transferring to thie fused glass during prepat

" purposes may have taken up silica, iron and other.€lements in these applications. H
rh-silica materials are prepared for XRF analysis-in the platinum ware, silica contg

ose, platinum ware shall be fumed with hydrofluoric acid to remove silica. This condif
ne only once, provided that contamination!does not recur. A final wash in hot 20 % hydrochloric
followed by rinsing with de-ionized water, completes the process and will also rg

ral cleanliness of the sample preparation area and elimination of specific sources of cc
ssential>It is good practice to store platinum moulds face down to avoid dust fallj

the sample
na used for
n the blank

ay tube, are

he platinum
ation of the
een used for
or example,
mination is
on. For this
ioning need

move other

platinum ware is exposed to high-silica materials at fusion temperatures, it may be necessary to

b check for

DRIC ACID.
DWED (SEE
MING STEP.

ntaminants
ng onto the

Inr
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n hot dilute

(5 % to 10 % weight/volume) hydrochloric acid, nitric acid, citric acid, or acetic acid for about 1 h is

usua

lly sufficient, inspect to ensure that all residual glass has been removed.

A rapid method of cleaning is to put the crucible or mould into a beaker containing hydrochloric acid.
This is placed in a small ultrasonic bath for about 20 min or until all residual glass is removed. Rinse in

de-io

nized water and dry before using.

An alternative method of cleaning is to fuse several grams of flux in the crucible, moving the melt
around to clean the entire inner surface. The molten flux is then poured from the crucible. If a droplet

adhe

© ISO

res to the crucible, this can easily be flaked off when the crucible is cold.
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A.3 Blank

If silica contamination of the high purity Al,03 used to make the blank is suspected, treatment of the
Al;03 with hydrofluoric acid which volatilizes and removes the silica is effective. In a platinum vessel,
slowly heat 10 g of alumina, 20 ml of water and 1 ml of 50 % hydrofluoric acid to 150 °C = 10 °C and
fume to dryness. Calcine the alumina for 2 hat 1 200 °C £ 25 °C.

WARNING — SEE A.2.
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(normative)

Example of instrument optimization

B.1 General

This| Annex gives some examples of counting strategies, background correction\ pdsitions and
stratlegies in relation to contamination in the blank or the spectrometer.

B.2 | Counting strategy

B.2.1 Sequential instruments

As an example of the development of a counting strategy, the casecof titanium is describgd using off-
peak{background correction. All intensities used for calculating counting times and counting statistical
error must not be monitor drift corrected. The following formulae are used:

t=t, +t, (B.1)
/ey =1,/ lb)l/z (B.2)
t|= <[(1oo / E)] x1/ (1;/2 - 1§/2)>2 (B.3)

whertre
¢ isthe total countingtine, in seconds;

fp is the countingdiine on the peak;

§p is the counfing time on the background;

I, isthemeasured peak intensity, in counts per second;

I, isithe measured background intensity, in counts per second;

E s the percent relative standard deviation required from the analysis.

The denominator term in Formula (B.3): (1;/2 — Iﬁ/z) is a “figure of merit” value that can be used to

compare the suitability of different spectrometer settings for measuring a particular line. The larger
this factor the better will be the peak to background discrimination. An example of using this factor is
collimator selection. Measure peak and background (the background either as off-peak on the same
disc or on-peak on a blank disc) for the same disc(s). Use the same conditions with the exception of the
collimators, where a coarse and fine collimator is used. Whichever collimator gives the greater figure of
merit value will be the preferred one to use (all other factors being equal, e.g. spectral overlaps do not
preclude the use of a coarse collimater). Similarly, x-ray tube power settings and crystal selection can
be optimised.
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The following X-ray intensities were measured for a typical test specimen:

— 86,70° 26 163 cps = Ip;

— 86,21°20 197 cps = I,

Hence, for a standard deviation of 0,000 2 % TiO> at the 0,003 % TiO3 level, E = 6,7 % and t = 140 s.

From Formula (B.1) and Formula (B.2), it follows that:

— tp=677

B.2.2 Fixed-channel instruments

The formulde presented in B.2.1 can be used but I, is measured instead on the alumina blank. Shoul
alumina blapk contain a small amount of impurity, this will give a small increase in theeverall count

B.3 Spectral interference

B.3.1 Sample - related

Titanium is

typically present in alumina in much higher concentrations than vanadium, the
for Ti KB wijll spectrally overlap the V Ka peak. In order to correet for such an interference, a
calibration [glass was made which was doped with a small, amount of TiOy. The X-ray inte
measuremehts in Table B.1 were made at the vanadium peak and background positions, and

titanium pepk position.

Table B.1 — Example of overlap correction

d the
time.

peak

lank
sity
the

Inténsities (Counts per second)
V Ka V KaBG1 V KaBG2 Ti Ka
Blank calibration 237 233 214 162
glass
Spiked blanK 268 237 219 904
calibration glass
Effect 31 4 5 Net 742

From these fesults, the fallowing calculations were made.
a) Effectof Ti onV:Ka =31/742 = 0,041 8.
b) Effectof Tion'VKaBG1 =4/742 = 0,005 4.

c) Effectof TionV KaBG2 =5/742 =0,006 7.

Hence the spectral overlap correction can be made on measured vanadium X-ray intensities, i.e.

V Ka corrected = V Ka uncorrected - (Ti Ka x 0,041 8).

This is referred to as an intensity based line overlap correction.

Concentration based spectral overlap corrections are more commonly used. In this case, factors are
determined to express the concentration effect on an overlapped element by a given concentration of
an overlapping element. To use this approach make up a blank disc with a known concentration of the
interfering element.

For the necessary example of V K3 overlapping Cr Ka;

22
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Make a blank disc with a weighed mass of V05 (4.9) and assuming masses as per Table 5. For
a 40 mm mould, if 0,150 0 g of V05 is added to a blank composition disc, this will produce
a 5,00 % V05 disc [(0,15/3,0) x 100 = 5,00 %]. If this disc is measured for % Crz03 it will have an
“apparent concentration” of Cr03 from the V Kf overlap. If this apparent concentration was 0.25 %

then

0,25

the concentration based overlap correction for V Kf3 overlapping CrKa would be:

% Cr03 for 5 00 % V205 thatis 0 050 % Cr203 for 1 00 % V205

So, 0,05 x % V05 must be subtracted from the Cr03 concentration as determined by Formula (7).

The concentration based overlap correction factor for V Kf3 overlapping CrKa is -0,05 in this example.

% Cn

Thes|
cont;
conc

B.3.]
Spec

are ¢

B.4
med

Net i

[

whel]
|
|
|
In th

N

q

gloping backgrounds.

Two eff<speak backgrounds are measured, one on either side of the peak and bot|
game angular distance from the peak. In this case take the average of the off-peal

pO3 corrected = % Crp03 uncorrected - (% V205 x 0,05).

e factors are readily calculated using commercially available software packages
hin independent and variable amounts of overlapping/overlapped elements ¢an‘be m
entration based overlap corrections calculated by linear regressions.

P Spectrometer-related
[ral interference from anode impurities in the X-ray tube or from“other parts of the sj

onstant and are compensated for in the blank correction.

Calculating beneath peak background from off peak background
jsurements

htensities are calculated from peak and background measurements using Formula (B.

h  is the net intensity, in counts\per second;

b is the measured intengity;'in counts per second;

b is the intensity ofthe“background below peak”, in counts per second.
js method, the term;7, can be determined in three ways.

Dne single off-peak background is measured and used directly as Ip. This approach is v

Discs that
basured and

bectrometer

1):
(B.4)

alid for non-

h being the
[ intensities

q

and’use this as Ip,.

c) Two off-peak backgrounds are measured, one on either side of the peak and each being at different
angular distances from the peak. In this case calculate I, as follows:

1, = [(zb1 xd)+ (1, xf)]/(d+f)

where
Ip1 is the lower angle off peak background intensity, in counts per second;
Ip2 is thehigher angle off peak background intensity, in counts per second;

d is the (b2-P) degrees;

© ISO

2015 - All rights reserved
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where

b2

bl

24

is the (P-b1) degrees.

is the higher angle off-peak background °20 position;
is the peak °20 position;

is the lower angle off-peak background °26 position.
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certd
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calcy
ratio|

C.2

The §

a)

The mass of ICG required-is

This

b)

ISO 2320

Annex C
(informative)

Calculation of reagent masses for different sample/fl
combinations and synthetic calibration discs when omi
some elements

General

[Annex explains how to modify the ICG to exclude analytes that are not reguired and i
with different flux to sample ratios that have concentrations of analytesat¥alues as |

reagent masses in Table 2 produce a total mass of 10 g of intermediate calibration g
in elements are not to be measured, they may be omitted from\th'e ICG and be rep
Falent mass of flux to ensure that the total mass of ICG remains 10 g after fusion. Fol
phorus is to be omitted, 0,129 6 g of NH4H2PO4 in the ICG (see Table 2) is replaced by

): 2NH4H2PO4 — 2NH3T + 3H207T + P05 on fusion.

the masses given in Table 3 are for a flux to samplé ratio of 2:1. If a different flux to
be used, the mass of reagents required to make a synthetic calibration disc (SCD)

of 5:1) is discussed. This 6 g disc would be'cast in a 35 mm mould (see Table 3).

Example of calculation

reneral calculation method is.as-follows:

|
1

Jsing a total SCD mass pf'6,00 g, express the flux/sample combination as W grams of]
herefore (6 - W) grams of flux.

Mass,.; = 0,0625x W grams

mass 6f TCG will result in analyte concentrations as per Table 4.

From'Table 2 and knowing the mass of each of the components in the ICG, the total ma

corrected flux. This replaces the mass of P;05 that remains,jn the SCD from NH4H;PO4.

1:2015(E)

ux
tting

ow to make
er Table 4.

ass (ICG). If
aced by the
example, if
0,080 0 g of

ample ratio
must be re-

lated. As an example, the case of discs containing 5 g of flux and 1 g of sample (i.e. a fliix to sample

sample and

(C.1)

5s of analyte

cI1on

The total mass of flux in 10 g of ICG is

Flog =10 = 0x¢q
where
Ficc  is the mass of flux in the ICG;

)

Oxjcc is the summed mass of analyte oxides in the ICG.

The mass of Al;03 required to make up the SCD, Alscp is then

© ISO 2015 - All rights reserved
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Algep = W (1 -0,0625x 0x, / 10) (C.3)

SCD

d) And the mass of flux Fscp required to make up the SCD, is then

Fsep = 6 — W (1 40,0625 x Fo / 10) (C4)

C.3 Example

As an example,considera 5:1 ratio (F\ g) discthat doesnotinclude phncphnrnc-

— the mags of sample in the disc, W=1g;
— hence tIe mass of ICG required [Formula (C.1)], Massicg = 0,062 5 x W=0,0625 g;
— from Taple 2, the total mass of oxide components, excluding P20s5 in 10 g of ICG, Oxy¢g = 2,080(0 g;

— therefore, the total mass of flux in 10 g of ICG [Formula (C.2)],

Ficc =10 — 0%, =10—2,0800 =7,9200 g

NOTE Tﬁere are three components of this flux, 3,591 3 g of B40¢ from the'5,191 3 g of NazB407 plus 0,001 2 g
of “O” from the 0,017 2 g of Mn304 and 4,327 5 g of loss-adjusted 12:22 fhix.

The mass of|Al;03 required to make up the SCD [(Formula (C.3)}, Alscp is then

Al W(1 —0,0625 x 0x ¢, / 10) = 1(1 —0,0625x2,08 / 10) =0,9870 g

SCD |
The mass of|flux required to make up the SCD [Formula (C.4)], Fscp is then

F

scp = b — W (1+0,0625x F /10) =6{1% 0,0625x7,9200 / 10) = 4,9505 g

For test samples and high purity alumina:ealibration discs, 1 000 g of sample and 5 000 g of loss adjusted
flux is used [Formula (2)].
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