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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 proced d e ) e are
described in the ISO/IEC D1rect1ves Part 1.In partlcular the dlfferent approval crlterla needed fpbr the
different types of ISO documents should be noted. This document was drafted in accordanee with the

rawn to the possibility that some of the elements of this document may.be the subject of
4. ISO shall not be held responsible for identifying any or all such patend rights. Details of
ights identified during the development of the document will be in the Introduction and/or
on the ISO ligt of patent declarations received (see www.iso.org/patents).

Any trade ngdme used in this document is information given for the conveniéence of users and dogs not
constitute ar} endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific termp and
expressions |related to conformity assessment, as well as infermation about ISO's adhererce to
the World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see
www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 206, Fine ceramics.

Any feedback or questions on this document should be directed to the user’s national standards bpdy. A
complete listing of these bodies can be found atwww.iso.org/members.html.
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INTERNATIONAL STANDARD ISO 3169:2023(E)

Fine ceramics (advanced ceramics, advanced technical
ceramics) — Methods for chemical analysis of impurities
in aluminium oxide powders using inductively coupled
plasma-optical emission spectrometry

1 Siope

This gocument specifies methods for the chemical analysis of impurities present in“aluminium oxide
powders used as a raw material for fine ceramics.

Alum|nium oxide powders are decomposed by acid pressure decompositionyacid decomposition or
alkali| fusion. The calcium, chromium, copper, iron, magnesium, manganese, potassium, siljcon, sodium,
titanium, zinc and zirconium contents in the test solution are determined by an inductjvely coupled
plasnja-optical emission spectrometer (ICP-OES).

2 Normative references

The fpllowing documents are referred to in the text in sugh a way that some or all of their content
constjtutes requirements of this document. For dated references, only the edition cited applies. For
undafed references, the latest edition of the referenced.document (including any amendmg¢nts) applies.

[SO 3696, Water for analytical laboratory use — Spécification and test methods
[SO 6B53-2, Reagents for chemical analysis —Part 2: Specifications — First series
ISO 8p56-1, Refractory products — Sampling of raw materials and unshaped products — Panft 1: Sampling
scheme
3 Terms and definitions

No terms and definitiong-are listed in this document.

[SO and IEC maintaimferminology databases for use in standardization at the following addresses:

et

$0 Online brewsing platform: available at https://www.iso.org/obp

]

EC Electropedia: available at https://www.electropedia.org/

4 Amalyticalrange
Each element, range of 0,000 5 % to 0,5 % (mass fraction).
5 Preparation of test sample

5.1 General

Prepare the sample in accordance with ISO 8656-1, unless otherwise mutually agreed upon by the
analyser and the customer.

©1S0 2023 - All rights reserved 1
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5.2 Sampling

Collect the sample in accordance with ISO 8656-1.

5.3 Drying

Place 10 g of the sample into a flat-type weighing bottle and spread it uniformly at the bottom of
the bottle. Heat the bottle for 2 h at 110 °C = 5 °C, then cover the mouth of the bottle and cool it in a
desiccator for 1 h.

5.4 Weighing

Weigh the salmple to the nearest 0,01 mg of the required quantity using a balance.

6 Reporting analytical values

6.1 Numbler of analyses

Prepare eachl sample twice and analyse them at intervals of time.

6.2 Blank|test

Upon analygis, perform a blank test to correct the measured:values. Double repetition is highly
recommenddd for the blank value determination.

6.3 Evaluation of analytical results

When the apsolute difference between the two  analytical results does not exceed the tolgrance
(Table 1), thq average value shall be reported. When the absolute difference between the two analytical
results exceg¢ds the tolerance, perform two additional analyses. When the absolute difference of|these
further two analyses does not exceed the tolerance, the average value thereof shall be reported.|If the
difference alpo exceeds the tolerance, theumedian of four analytical results shall be reported.

Table 1 —~ Tolerances for two analytical results

Average value 6ftwo analytical results Tolerance
%
Less than 0,01 % 0,001
Notless'than 0,01 %, and less than 0,1 % 0,005
Not less than 0,1 % 0,01

6.4 Expression of analytical results

Express the analytical results to four decimal places in % dryness (mass fraction).

7 Decomposition of test sample

7.1 Classification of decomposition methods

Aluminium oxide powders are decomposed by acid pressure decomposition, acid decomposition or
alkali fusion.

2 © IS0 2023 - All rights reserved
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7.2 Acid pressure decomposition

7.2.1 Reagents

It shall be ascertained that the reagents are of sufficiently high purity to permit their use without
compromising the accuracy of the determination.

7.2.1.1 Water, grade 1 or superior as specified in ISO 3696.

7.2.1.2 Nitric acid (HNO;), 65 % minimum, as specified in ISO 6353-2.

7.2.13 Sulfuricacid (H,S0,), 95 % minimum, as specified in ISO 6353-2.

7.2.14 Sulfuric acid solution (1 + 3). One volume of sulfuric acid (7.2.1.3)0is mixefl with three
volunpes of water.

7.2.1f5 Nitric acid solution (1 + 50). One volume of nitric acid (7.2.12)is mixed with 50 volumes of
water}.

7.2.1/6 Lanthanum standard solution (La 1 mg/ml). The SI{raceable commercial stanflard solution
is avalilable. Other internal standard solutions (e.g. Sc, Y) can be used after validation.

7.2.1, Internal standard solution (La 0,025 mg/ml). Transfer 5,0 ml of lanthanfim standard
solution (7.2.1.6) to a 200 ml volumetric flask, dilute itwith nitric acid solution (1 + 50) up to the mark
and npix well.

7.2.2| Apparatus and instruments

Use ofdinary laboratory apparatus together with the following:
7.2.2{1 Polytetrafluoroethylene (PTFE) bottle with cap.

7.2.2]2 Pressure decomposition vessel. A pressure decomposition vessel is shown in Figure 1. Use
the vgssels exclusively for this analysis to avoid cross-contamination.

©1S0 2023 - All rights reserved 3
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7.2.2.3 Air bath, capable of heating at 230 °C =+ 5 °C.

\
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1  centre scfew
2 screw caf
3  top plate
4  PTFE cap
5 cylinder
6  PTFE bottle

7  bottom plate

Figure’l — Example of a pressure decomposition vessel

7.2.3 Sample decomposition procedure

7.2.3.1 Decomposition

Weigh 0,50 g of the sample in a PTFE bottle (7.2.2.1) and add 10 ml of sulfuric acid solution (1 + 3). Put
the PTFE bottle into a pressure decomposition vessel (7.2.2.2) and close the vessel according to the
manufacturer’s instructions.

Place the vessel in an air bath and heat at 230 °C + 5 °C for 16 h.

After cooling, disassemble the vessel and transfer the solution to a 250 ml plastic volumetric flask.
Wash the PTFE bottle with warm water and collect the washings into the flask.

7.2.3.2 Internal standard injection and dilution

Add 10 ml of the internal standard solution (7.2.1.7) to the flask. Dilute it with water up to the mark and
mix well. This solution is designated as the sample test solution.

4 © IS0 2023 - All rights reserved
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Blank test

1 Making the blank dissolution

Perform the procedure in 7.2.3.1 without the sample. The final solution is designated as the blank
dissolution.

7.2.4.

2 Making the blank test solution

Perform the procedure 7.2.3.2 with the blank dissolution (7.2.4.1). This solution is designated as the
blank test solution.

7.3

7.3.1

Use the reagents described in 7.2.1 together with the following:

7.3.1,

7.3.1,
phos;

7.3.2

Use o
7.3.2
7.3.2
7.3.2
7.3.3

7.3.3

Weiglh 0,50 g of the test sample and transfer it to a platinum crucible (7.3.2.2). Carefully

sulful
the c1

After

Acid decomposition

Reagents

1 Phosphoricacid (H;P0,), 85 % minimum, as specified in ISO'6353-2.

2 Sulfuric acid-phosphoric acid mixture. Add 30 ml of sulfuric acid (7.2.1.3)
horic acid (7.3.1.1) in a 200 ml plastic beaker and mix garefully.

Apparatus and instruments

Fdinary laboratory apparatus together with the following:
1 Hot plate, capable of heating at 400°C.
2 Platinum crucible (30 ml),
3 Platinum lid.
Sample decomposition procedure

1 Decomposition

ic acid-phosphoric acid mixture (7.3.1.2). Cover the crucible with a platinum lid (7.3.
ucible,on a hot plate until the test sample has been completely dissolved.

to 70 ml of

add 12 ml of
P.3) and heat

r wall of the

ceoling, transfer the solution to a 250 ml plastic volumetric flask. Rinse the inne

platinum crucible with a small quantity of water and pour the washings into the flask.

7.3.3.

2 Internal standard injection and dilution

Add 10 ml of the internal standard solution (7.2.1.7) to the flask, dilute with water up to the mark and
mix well. This solution is designated as the sample test solution.

7.3.4

7.3.4.

Blank test

1 Making the blank dissolution

Perform the procedure in 7.3.3.1 without the sample. The final solution is designated as the blank
dissolution.

© IS0 2023 - All rights reserved
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7.3.4.2 Making the blank test solution

Perform the procedure in 7.3.3.2 with the blank dissolution (7.3.4.1). The solution is designated as the
blank test solution.

7.4 Alkali

fusion

7.4.1 Reagents

Use the reagents described in 7.2.1 together with the following:

74.1.1 Lit

hium tetraborate (Li,B,0-), powdery, more than 99,995 % purity by trace metalb3

Because some commercial products of lithium tetraborate contain certain contents @©f-inor

elements, su

'h as calcium, potassium, silicon and sodium, check its conformity for the testbefore

7.4.2 Apparatus and instruments

Use ordinary

laboratory apparatus, together with the following:

7.4.2.1 Platinum crucible (30 ml).

7.4.2.2 Platinum lid.

7.4.2.3 Ele
7.4.3 Sam

7.4.3.1 De
Mix 0,50 g o

ctric furnace, capable of being operated at 1 300.°C.
ple decomposition

composition

F the test sample and 1,0 g of lithium tetraborate (7.4.1.1) in a platinum crucible (7.

Cover the mifixed sample with an additignal 1,0 g of lithium tetraborate. Cover the crucible v

platinum lid

(7.4.2.2). Place the crucible'in an electric furnace (7.4.2.3). Raise the temperature

furnace gradually and heat the crucibleat 1 150 °C £ 50 °C until the contents are completely decomy

Remove the
outer-wall o
plastic beak
plastic cover

Remove the
of water. Tra
volumetric f]

crucible from the furnace and cool it to room temperature. Wash the outer-bottor
the crucible with nitric acid solution (1 + 50) or water. Place the crucible into a 2
br containing10’' ml of nitric acid (7.2.1.2) and 90 ml of water. Cover the beaker
and warmsitin an ultrasonic bath until the melt is completely dissolved into the solu

Crucible-earefully with a glass rod, rinse the crucible and cover with a minimum qu
nsfer\the washings to the beaker. After cooling, transfer the solution to a 250 ml {
ask,

sis.

ganic
use.

1.2.1).
vith a
bf the
osed.

n and
50 ml
vith a
tion.

hntity
lastic

7.4.3.2

Internal standard injection and dilution

Add 10 ml of the internal standard solution (7.2.1.7) to the flask. Dilute it with water up to the mark and
mix well. This is designated as the sample test solution.

7.4.4 Blank test

7.4.4.1 Making the blank dissolution

Perform the procedure in 7.4.3.1 without the sample. The final solution is designated as the blank

dissolution.
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7.4.4.2 Making the blank test solution
Perform the procedure in 7.4.3.2 with the blank dissolution (7.4.4.1). The solution is designated as the
blank test solution.

8 Determination of impurity elements

8.1 Principle

A portion of the sample solution mixed with an internal standard is sprayed into the plasma of an ICP-
gra-the-emisstonintensity-efeach-analyte-—elementismeasured-at-the—selected-wayelength. The
contepts of the analyte elements in the sample solution are calculated by the concentration ratios of the
e elements and the spiked internal standard element in comparison with thoSe fin the standard

Analytical results of an interlaboratory study for chemical analysis of impurity in alunminium oxide
powder are described in Annex A.

8.2 |Reagents

Use the reagents described in 7.2.1, 7.3.1 or 7.4.1 together with thefollowing:

8.2.1| Aluminium standard solution (Al 10 mg/ml).

The S|l traceable commercial standard solutions are available.

8.2.2| Elemental standard solutions.

The Sf traceable commercial standard solutions are available.
a) Cplcium standard solution (Ca 1 mg/ml).

b) Chromium standard solution (Cr<1 mg/ml).

c)
d) Ifon standard solutipn.(Fe 1 mg/ml).

o

opper standard solution~(€u 1 mg/ml).

e) Magnesium stapddrd solution (Mg 1 mg/ml).
f) Manganese standard solution (Mn 1 mg/ml).
g) Pptassiumrstandard solution (K 1 mg/ml).

h) Sjlicon standard solution (Si 1 mg/ml).

i) Sodium standard solution (Na 1 mg/ml).
j)  Titanium standard solution (Ti 1 mg/ml).
k) Zinc standard solution (Zn 1 mg/ml).

1)  Zirconium standard solution (Zr 1 mg/ml).

8.2.3 Mixed standard solution (each element 50 mg/1).

Pour 5,0 ml each of standard solution (described in 8.2.2) into a 100 ml plastic volumetric flask.
Dilute with nitric acid solution (1 + 50) up to the mark and mix well. Pay attention to ensure that no
precipitation occurs during mixing.

©1S0 2023 - All rights reserved 7
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Prepare the solution afresh before every use.

8.3 Apparatus and instruments

Use ordinary laboratory apparatus together with the following:

8.3.1

ICP-OES is used to determine elements in solution. The solution is dispersed by a suitable nebulizer and
the resulting aerosol is transported into the plasma. In a radio-frequency inductively coupled plasma

ICP-OES.

the solvent is evaporated and the dried salts are then vaporized, dissociated, atomized and ionized.

The atoms

lower energy level is measured with optical emission spectrometry. The spectrum is dispersec
grating spectrometer and the intensities of the emission lines are monitored by photosensitive de
The identifidation of the element takes place by means of the wavelength of the radiation (ene
photons), while the concentration of the element is proportional to the intensify, of the rad

(number of

The ICP-OES
The ICP-OES
and the emis|

8.4 Prepdration of calibration standard solutions

Referto 7.2.4

ions are excited thermally and the number of photons emitted during transition

otons).

method can be used to perform multi-element determination$ using an optical sy
system should be capable of simultaneously measuring the analyte emission wavele
sion wavelength of the internal standard with a minimumcoptical resolution of 0,02 fm.

.1,7.3.4.1 or 7.4.4.1 and prepare five blank dissolutions (four dissolutions for the calib

standard solpitions and one dissolution for a blank test solution) in 250 ml plastic volumetric flasKs.
Add an apprppriate aliquot of the aluminium standard“solution (8.2.1) and mixed standard so|ution
(8.2.3) into ¢ach blank dissolution, then add 10 ml‘f the internal standard solution (7.2.1.7). Dilute
with water (}.2.1.1) up to the mark and mix well,
Prepare the $olutions afresh before every use.
An example is shown in Table 2.
Table 2 — Example of the calibration standard solutions for impurity elements
Solution 1 Solution 2 Solution 3 Solution{4
E]lements
ml ml ml ml
Alumipium solutiow 25 25 25 25
Mixed sthndardsseltition 0 1,0 10 50
La (intefnakstandard) 10 10 10 10

8.5 Measurement

8.5.1 Set-up of the instruments

Set up the ICP-OES in accordance with the manufacturer's instructions and choose appropriate
correction positions. A clean torch, a spray chamber and sample uptake tubes shall be
asma shall be stabilized before use following the recommendations of the instrument's
manufacturer. The data processing unit of the ICP-OES is used to establish a measuring programme
in which the intensities of the analyte emission wavelengths and the internal standard emission

background
used. The pl

wavelengths

can be measured simultaneously.

© IS0 2023 - All rights reserved
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8.5.2 Measurement of sample test solution and calibration standard solutions

Measure the emission intensity of each element in the sample test solution and the calibration standard
solutions at an appropriate wavelength (Table 3). Considering the spectral interferences and the
sensitivities, choose the higher-order spectral lines if available.

Each solution shall be measured at least five times.

Table 3 — Examples of the analytical wavelength for each element

Wavelength 1 Wavelength 2
Element
I ITITY
Ca 393,366 396,847
Cr 283,563 284,325 or 26},716
Cu 327,393 324,752
Fe 238,204 259,939
Mg 279,553 280,271
Mn 257,610 260,568
K 766,490 -
Si 251,611 288,158
Na 589,562 -
Ti 334,940 336,121
Zn 213,857 206,200
Zr 343;823 339,197
La (internal standard) 379,749 408,672

8.5.3| Measurement of blank test solution

Perfofm the procedure described in 8.5!1 with the blank test solution (7.2.4.2, 7.3.4.2 or 7.4.4.2).

8.6 [Drawing of calibration curve

The ihternal standard method is based on the linear relation between the intensity ratips of analyte
elemgnt and internal standard element, and the concentration ratios of analyte element|and internal
standard element.

The [data-processing unit provides the quotients from the simultaneously regisfered single
measpirements of the intensities of analyte element and the internal standard element. {alculate the
intengity ratio*of the analyte element and the internal standard element of each calibratjon standard

solutionAsing Formula (1).

T
R =2 (1)
Iis

where
R, is the intensity ratio of the analyte element and the internal standard element;
I,  isthe net emission intensity of the analyte element;
I;s is the net emission intensity of the internal standard element.

The relative standard deviation (RSD) of the intensity ratio values of the analyte element and the
internal standard element (R|) during repeat measurement shall not be larger than 0,3 %.

©1S0 2023 - All rights reserved 9
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The average intensity ratio of the analyte element and the internal standard element during repeat
measurement of each solution is calculated using Formula (2).

1
Ry =—ZR1,1
nia

where
R,

n

is the average intensity ratio of analyte element and internal standard element;

is the number of measurements.

(2)

The calibrati
ratios of the
ratios of the

8.7 Calcul

Using the lin
and the inter

From the ob
the sample t{

C:RC X('

where
R. stk
Cis isth
Calculate the

_

is
is

is

pn curve for each element is constructed using linear regression with the averageint
analyte element and the internal standard element, and the corresponding cencent
hnalyte element and the internal standard element in the calibration standand.sSoluti

ation

ear regression curve (8.6), calculate the concentration ratio (R )\of each analyte elg
nal standard element in the sample test solution and the blank test solution.

ained concentration ratio (R), calculate the concentration of each analyte element
st solution (C,) and the blank test solution (Cg), using Fo¥xmula (3).

IS

e concentration ratio of the analyte element and the internal standard element;
e net concentration of the internal.sStandard element.

content of each analyte element of the sample using Formula (4).

W —Cp)

m

x250x1074

pach element{ontent, in % (mass fraction);
the concerntration of each element in the sample test solution, in mg/I;

the concentration of each element in the blank test solution, in mg/1;

bnsity
ration
ns.

ement

(C) in

(3)

(4)

9

is the mass of the test sample, in g.

Test report

The test report shall contain, as a minimum, the following information:

a)
b)
‘)
d)

10

the method used, by reference to this document, i.e. [ISO 3169:2023;
the results and the form in which they are expressed;

any deviations from the specified procedure;

all information necessary for the identification of the sample, laboratory and date of analyses;
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