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Foreword

ISO (the I

nternational 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 partlcular the different approval criteria needed for the dlfferent types

of ISO dogumen

ISO/IECD

[SO draw
patent(s).
rights in
patent(s)
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WWwWWw.iso.

les of the
irectives, Part 2 (see WWW.is0. org/dlrectlves)

5 attention to the possibility that the implementation of this document may involve-the|use of (a)
ISO takes no position concerning the evidence, validity or applicability of any claimged patent
respect thereof. As of the date of publication of this document, ISO had not received ndtice of (a)
which may be required to implement this document. However, implemefiters are cautioned that
ot represent the latest information, which may be obtained from the patent database ayailable at
pbrg /patents. ISO shall not be held responsible for identifying any or allystuch patent righty.

Any trad{
constitutd

For an ex

related tp conformity assessment, as well as information about ISO's adherence to the Wo

Organizat

This docu
European
and mate

Agreemel[lt).

This seco
revised.

The main

— meth
have

— meth

— norm

— documment hasbeen editorially revised.

Alistof a

e name used in this document is information given for the convenience of users and| does not
e an endorsement.

blanation of the voluntary nature of standards, the meaning of ISO specific terms and e

ion (WTO) principlesin the Technical Barriers to Trade(TBT), see www.iso.org/iso/foreword.html.

ment was prepared by Technical Committee ISO/TC 33, Refractories, in collaboration| with the
Committee for Standardization (CEN) Techmical Committee CEN/TC 187, Refractor)] products
rials, in accordance with the Agreement on'technical cooperation between ISO and CEN (Vienna

d edition cancels and replaces the-first edition (ISO 21068-3:2008), which has been t¢chnically

changes are as follows:

pds described in ISO 12698-1:2007 for the dosage of free aluminium, total nitrogen and freje alumina
been included in this(decument;

pds that are no longer used in practice have been removed;

ative references and bibliography have been updated;

| paxts in the ISO 21068 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A

complete

listing of these bodies can be found at www.iso.org/members.html.
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Introduction

The I1SO 21068 series has been developed from the combination of EN 12698-1:2007[1] and EN 12698-
2:200712] and 1SO 21068-1:2008!3], ISO 21068-2:2008[4] and 1SO 21068-3:2008!2l. The last three standards
have been originally developed from the combination of Japanese standard JIS R 2011:2007[6] and work items
developed within CEN. Because there is a wide variety of laboratory equipment in use, the most commonly
used methods are described.

ISO 21068-4 is derived from EN 12698-2:2007[2] describing XRD methods for the determination of
mineralogical phases typically apparent in nitride and oxy-nitride bonded silicon carbide refractory
products using a Bragg-Brentano diffractometer.

This docyment is also applicable to the analysis of SiC raw materials.

Except the XRD method specified in ISO 21068-4, all chemical methods specified in thissdocyment are
only validated for SiC raw materials. For refractory products classified in 1SO 10081-1Z]1,"1SO 1{0081-2I8],
ISO 1008[-3[2] and 1SO 10081-4[19] (shaped) and ISO 1927-1111] (unshaped) and raw @waterials dontaining
carbon ajd/or silicon carbide this document applies after appropriate verification for any matrix
compositjon.

© IS0 2024 - All rights reserved
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Chemical analysis of raw materials and refractory products
containing silicon-carbide, silicon-nitride, silicon-oxynitride
and sialon —

Part 3
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const
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This document specifies analytical techniques for the determination of total nitrogen and nitrogen

as silicon
refractor)

2 Normmative references
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nitride, total oxygen, and metallic and oxidic components in siljeon/ carbide raw mat
’ products.

ing documents are referred to in the text in such a way:that some or all of their content c
bnts of this document. For dated references, only the edition cited applies. For undated r
edition of the referenced document (including any~amendments) applies.

B-1, Chemical analysis of magnesite and dolomite refractory products (alternative to
ce method) — Part 1: Apparatus, reagents;-dissolution and determination of gravimetric sil

3-2, Chemical analysis of magnesiteland dolomite refractory products (alternative to
ce method) — Part 2: Wet chemical-analysis

B-3, Chemical analysis of magnesite and dolomite refractory products (alternative to
ce method) — Part 3: Flame-atomic absorption spectrophotometry (FAAS) and inductive
pmic emission spectrometry/(ICP-AES)

[, Chemical analysisof-refractory products by X-ray fluorescence (XRF) — Fused cast-bead n|
, Preparation ofsilicon carbide and similar materials for analysis by ISO 12677

-1, Chemital> analysis of chrome-bearing refractory products and chrome-bearing raw
be to theX-ray fluorescence method) — Part 1: Apparatus, reagents, dissolution and detern|
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b2) Chemical analysis of chrome-bearing refractory products and chrome-bearing raw

(alternative to the X-ray fluorescence method) — Part 2: Wet chemical analysis

[SO 20565-3, Chemical analysis of chrome-bearing refractory products and chrome-bearing raw materials
(alternative to the X-ray fluorescence method) — Part 3: Flame atomic absorption spectrometry (FAAS) and
inductively coupled plasma atomic emission spectrometry (ICP-AES)

ISO 21068-1, Chemical analysis of raw materials and refractory products containing silicon-carbide, silicon-

nitride, sil

icon-oxynitride and sialon — Part 1: General information and sample preparation

[SO 21079-1, Chemical analysis of refractories containing alumina, zirconia and silica — Refractories containing
5 percent to 45 percent of ZrO2 (alternative to the X-ray fluorescence method) — Part 1: Apparatus, reagents

and dissol

ution
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ISO 21079-2, Chemical analysis of refractories containing alumina, zirconia, and silica — Refractories containing
5 percent to 45 percent of ZrOZ2 (alternative to the X-ray fluorescence method) — Part 2: Wet chemical analysis

ISO 21079-3, Chemical analysis of refractories containing alumina, zirconia, and silica — Refractories containing
5 percentto 45 percent of ZrO2 (alternative to the X-ray fluorescence method) — Part 3: Flame atomic absorption
spectrophotometry (FAAS) and inductively coupled plasma emission spectrometry (ICP -AES)

[SO 21587-1, Chemical analysis of aluminosilicate refractory products (alternative to the X-ray fluorescence
method) — Part 1: Apparatus, reagents, dissolution and gravimetric silica

ISO 21587-2, Chemical analysis of aluminosilicate refractory products (alternative to the X-ray fluorescence
method) — Part 2: Wet chemical analysis

[SO 2158f-3, Chemical analysis of aluminosilicate refractory products (alternative to the X-ray florescence
method) + Part 3: Inductively coupled plasma and atomic absorption spectrometry methods

3 Terms and definitions
For the pyrposes of this document, the terms and definitions given in ISO 21068-1apply.

ISO and I[EC maintain terminology databases for use in standardization at thefollowing addresses

— IS0 Opline browsing platform: available at https://www.iso.org/obp

— IEC E]ectropedia: available at https://www.electropedia.org/

4 Detgrmination of nitrogen and oxygen

4.1 General

For oxygen only the inert-gas fusion method is given; for nitrogen, calculated usually as SizN, several
different nethods are described.

NOTE The calculation of nitrogen as Si;N, is(only applicable in the case where other nitride species arg absent or
too low to detect by XRD, see ISO 21068-1. Otheywise, nitrogen is reported as total nitrogen.

4.2 Combined determinationofhitrogen and oxygen by an analyser with thermal
conductjvity (TC) and infraréd)(IR) absorption detection

4.2.1 Principle

between fhe electrodes of an impulse furnace. Typically, 5 kW of power is passed through the crucible

The methpd uses inert-gas fusion analysis. A pre-weighed sample is placed in a graphite crucible positioned
generatinE a tempevature of approximately 2 800 °C.

NOTE Fufnace temperatures can be varied by increasing and decreasing current/voltage.

The sample decomposes, releasing any oxygen and nitrogen present. The nitrogen released remains
as elemental nitrogen, while oxygen combines with the carbon of the graphite crucible to form carbon
monoxide. The sample gases are carried on a helium carrier gas either to a copper oxide catalyst, which
converts carbon monoxide to carbon dioxide, and then to an infrared absorption cell which measures the
carbon dioxide present or are measured directly without catalyst as carbon monoxide. The gas stream is
then passed through sodium hydroxide to remove carbon dioxide, and magnesium perchlorate to remove
any moisture present, and finally through a thermal conductivity cell to quantify the nitrogen.

Because the sample will invariably be in the form of a powder, it should be enclosed in a small tin capsule
before placing it in the graphite crucible to prevent any loss of sample during analysis.

© IS0 2024 - All rights reserved
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For materials difficult to decompose, a fluxing agent shall be added to the sample. A suitable agent is oxygen
free nickel capsule or nickel wire basket.

4.2.2 Reagents

Only chemicals with a known and sufficient analytical purity for the analytical purpose shall be used. Distilled
water or water which has been completely deionized by means of an ion exchange process shall be used.

WARNING — Concentrated acids used are to be handled with care, be aware oflocal safety regulations.

4.2.2.1 Tin capsule, of suitable dimensions and oxygen and nitrogen free.

4.2.2.2 Hightemperature graphite crucibles, of suitable size, recommended by the instrument|producer.
4.2.2.3 Nickel capsules or basket, of suitable dimensions and oxygen and nitrogen free:
4.2.2.4 HAceticacid, 96 % mass fraction.

4.2.2.5 Nitric acid, 65 % mass fraction.

4.2.2.6 Hydrochloric acid, 32 % mass fraction.

4.2.2.7 Acetone.

4.2.2.8 [arbon dioxide, 99,998 % pure.

4.2.2.9 Nitrogen, 99,998 % pure.

4.2.2.10 Helium, 99,998 % pure.

4.2.3 Apparatus

Ordinary [laboratory apparatus and the following.

4.2.3.1 [Combined nitrogen/oxygen analyser, commercially available.

NOTE If no combined analyser for nitrogen and oxygen is available, a separate nitrogen and/or oxygen analyser
can be usef.

4.2.3.2 Analyticalbalance, with a resolution of at least 0,01 mg.

4.2.4 Nickel'pre-treatment
If nickel chpstiles ar haskets are nsed, surface axygen shall he remaved hy the following cleaning procedure.

Prepare a solution containing approximately 75 ml of acetic acid (4.2.2.4), 25 ml of nitric acid (4.2.2.5) and
1,5 ml of hydrochloric acid (4.2.2.6). In a well-ventilated fume cupboard, heat the solution to a temperature
of 55 °C £ 5 °C, immerse the nickel capsule or basket in the heated solution for 30 s to 60 s, remove the nickel
capsule or basket from the solution and rinse immediately in running water. Immerse the nickel capsule or
basket in chemically pure acetone (4.2.2.7), dry thoroughly and place the cleaned nickel capsules or basket
in a desiccator.

© IS0 2024 - All rights reserved
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4.2.5 Calibration
Referring to the instrument operation manual, the calibration can be achieved by two methods:
a) using primary standards or certified reference materials;

b) by injection of known volumes of pure carbon dioxide (4.2.2.8) and nitrogen (4.2.2.9) into the
detection system.

If b) is used, it is recommended to additionally analyse a certified reference material to verify the
performance of the electrode furnace, associated chemicals and detection system.

4.2.6 Procedure

4.2.6.1 |General

Operate the instrument in accordance with the instrument operation manual.

4.2.6.2 |Determination

Prepare dnd dry the sample as specified in ISO 21068-1. Weigh it, to the neatest 0,01 mg, into tle capsule
(4.2.2.1) gdnd seal it, taking care to expel any air present.

NOTE A typical sample mass is approximately 50 mg. However, in practice, the sample mass is detgrmined by
a combinafion of the dynamic range of the analyser and the magnitude af the concentration of oxygen and nitrogen
present in the sample.

Place the [tin capsule including the sample into the loading-mechanism of the analyser. If nickel is{used, the
tin capsule is firstly put into the nickel capsule or basket.

Carry out{the analysis in two stages:

a) heat the graphite crucible to a temperature_at‘least as high as that used for the analysis,|until any
entrapped oxygen and nitrogen is expelled;

b) drop the sample into the graphite crueible and perform the analysis.

At least three determinations per sample‘shall be carried out.

4.2.6.3 |Blank determinations

Carry out{the blank determindtion as described in 4.2.6.2, but without a sample. The blank shall be{the mean
of at least{three determinations.

4.2.6.4 |Calculation

Calculate|the mass fraction of nitrogen or oxygen, w,, expressed as a percentage, using Formula (1).

w, =W b D
where

w, isthe content of nitrogen or oxygen in the sample, in mass percent;

w,, isthe measured content of nitrogen or oxygen in the sample, in mass percent;

b is the measured blank of nitrogen or oxygen, in mass percent.

Report the results as the mean of three determinations.

© IS0 2024 - All rights reserved
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4.2.7 Precision

The precision data for the determination of total nitrogen and total oxygen in a silicon carbide powder
sample by inert-gas fusion is given in A.1.

4.3 Determination of total nitrogen content by fusion decomposition

4.3.1 General

This method is used to determine nitrogen in silicon nitride, Si;N,, and other compounds in the form of
nitrides and oxynitrides by fusion decomposition. Analogous methods may be used to determine nitrogen
in materials containing not less than 5 % by mass of nitrogen bound in the form of nitrides and oxynitrides.

432 P

rinciple

The samplle is fused with lithium hydroxide a 700 °C to convert the nitrogen into ammonia)A streajm of inert

gas is use
absorbed

43.3 R

Only chen
4.3.3.1
4.3.3.2
4.3.3.3
4.3.3.4
4.3.3.5
4.3.3.6
4.3.3.7
4.3.3.8
434 A

4.3.4.1

d to transfer the ammonia to an absorption vessel containing boric acid seldtion. The {
ammonia is determined by titration with an acid of known concentration.

eagents

hicals with a known and sufficient analytical purity for the analytical purpose shall be ug
Water, distilled or fully demineralized by ion exchange.

Powdered lithium hydroxide, LiOH.

Sulfuric acid, p = 1,84 g/ml.

Titration acid, 0,1 mol/1 hydrochloric or,sulfuric acid of known standardization for titra
Boric acid solution, prepared by-dissolving 40 g of boric acid, H;BO5, in 11 of hot water.
Inert gas, argon or nitrogen,'with a purity of 99,99 %.

Sodium carbonate, Na;€0,, with a purity of at least 99,95 %.

Calcium chloride, CaCl,, dried.

pparatus

Analytical balance, with a resolution of at least 0,01 mg.

imount of

ed.

tion.

4.3.4.2
Figure 1),

viedsurement device, appdardatus Ior releasing, carrying over dnd absoroing ammonia (see

comprised of:

a) flow meter;

b) gas washing bottles;

c) vitreous silica reaction tube with ground joints, stoppers and gas inlet;

d) unglazed porcelain boats;

e) tube furnace, e.g. heated by infrared radiation, capable of being heated to, and maintained at,
(700 % 10) °C;

© IS0 2024 - All rights reserved
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f) vitreous silica wool;
g) gasinlet tube with ground joint and capillary tip or frit.

The inert gas from a pressurized gas cylinder passes through a gas washing bottle filled with sulfuric acid
(4.3.3.3), preceded and followed by an empty washing bottle for safety reasons.

NOTE No gas purification is necessary if the ammonia content of the inert gas does not exceed 0,005 % by volume.

The inert gas is then passed through a flow meter and into the vitreous silica reaction tube at the side gas
inlet. The ground joint through which the sample is inserted is also located at this point. The other end of
the reaction tube is connected by a ground joint to a gas inlet tube with capillary tip or frit which extends
almost to the bottom of a narrow absorption vessel.

The reactfion tube shall be heated by a tubular furnace which can be maintained at (700 * 103, °€. The still
hot part qf the tube outside the tubular furnace and adjacent to the absorption vessel is pa¢ked with loose
vitreous dilica wool which is capable of condensing any lithium hydroxide which evaporates,

1
2 / 3
l <k
7 e o
—&D -
—
T —~+H4
5 /1 3 —16
8 8 8
(X
P9
10
Key
tubulgr furnace 5 gas inlet tube with capillary tip or frit 8  washing bottlep
vitredus silica wool 6 sulfuric acid 9  boric acid solution
vitredus silica tube with 7 porcelain boat 10 absorption vespel
conngctions

4 inert gas (Aror N,)

Figure 1 — Nitrogen determination apparatus for fusion decomposition

4.3.4.3 Potentiometric titrator, with a metering volume of 50 ml and a maximum relative tolerance of 0,1 %.

4.3.5 Sample preparation

Prepare and dry the sample as specified in SO 21068-1.
4.3.6 Procedure

4.3.6.1 Decomposition by fusion

The time for complete reaction should be established before the method is applied.

© IS0 2024 - All rights reserved
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Coat the entire inside of the porcelain boats with 500 mg of lithium hydroxide (4.3.3.2) at 600 °C and store
the boats in a desiccator. Weigh 100 mg of the sample to the nearest 0,01 mg, into a coated porcelain boat
and mix thoroughly with 1,5 g of lithium hydroxide. Flush the apparatus with inert gas (4.3.3.6) and pour
40 ml of boric acid solution (4.3.3.5) into the absorption vessel and immerse the gas inlet tube in it. Set
the inert gas flow to 70 ml/min to 100 ml/min, open the ground joint closure and push the porcelain boat
into the centre of the reaction tube to the point where the thermocouple is located. After closing the tube
again, slowly heat the tube furnace to (700 * 10) °C in stages to prevent the melt from spattering. For tube
furnaces that heat up rapidly, the heating phase shall not be less than 15 min. After 30 min at (700 + 10) °C,
the nitride nitrogen will have been quantitatively converted into ammonia. Ensure the furnace temperature
does not, under any circumstances exceed 730 °C, as lithium hydroxide will start to evaporate above that
temperature.

4.3.6.2 |Standardization of titration acid

Dry the sqdium carbonate (4.3.3.7) at 270 °C to 300 °C for 1 h, stirring occasionally, and storeitin a ¢lesiccator
over calciim chloride (4.3.3.8).

Weigh 20p mg of dried sodium carbonate to the nearest 0,01 mg in a sealable weighingbottle.

Dissolve the sodium carbonate in 50 ml of water (4.3.3.1) and add the titration acid'(4.3.3.4) to be stapdardized
using a pgtentiometric titrator (4.3.4.3) until the equivalent point in the pH range 4,6 + 0,2 is readhed. Take
the mean|value of not less than three titrations. The coefficient of variation‘shall not exceed 0,001.

4.3.6.3 |Titrating the absorption solution

When thejreaction is complete, remove the gas inlet tube from the absorption vessel and rinse its inside and
outside w{ith water. Titrate the amount of absorbed ammonia.to the equivalence point which is ggnerally a
pH value pf 4,6 + 0,2 with the standardized titration acid using the potentiometric titrator.

4.3.6.4 |Blank value

Carry outfa blank determination as described in 4:3.6.1 and 4.3.6.3, without a test sample.

4.3.7 Chalculation and expression of results

4.3.7.1 |General
When calgulating the results, theltitration correction factor (see 4.3.7.2) shall be included.

Report the result to the nearest 0,1 %.

4.3.7.2 |Calculation/of'titration correction factor
Calculatef|the titration correction factor, ¢, of the acid using Formula (2):

myg

a,
75 ooy, (2)
where
t is the titration correction factor;
Mya is the sample mass of sodium carbonate, in milligrams;
Vi is the volume used of the 0,1 mol/1 acid to be standardized, in millilitres;

5,299 4 is the titrimetric factor, in milligrams per millilitres.

© IS0 2024 - All rights reserved
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4.3.7.3 Calculation of nitrogen content
Calculate the nitrogen content, My, as a percentage by mass using Formula (3):
_ (V, =V3)xtx1,4007x100

3

My
m
where
My is the total nitrogen of the sample, in mass percent;
v, is the volume of titration acid used for the sample, in millilitres;
V3 is the volume of titration acid used for the blank value, in millilitres;
t is the titration correction factor of the acid;
m is the sample mass, in milligrams;

1,40Q 7 is the titrimetric factor, in milligrams per millilitres.

4.3.8 Precision

The precision data for the determination of total nitrogen in a silicorn-nitride powder sample
decompogition is given in A.2.

4.4 Determination of total nitrogen content by Kjeldahl distillation

4.4.1 Principle

The nitrggen in silicon nitride, Si3N,, and other campounds in the form of nitrides and oxyni
determingd using high pressure acid decompositien.

The samgle is dissolved in hydrofluoric acid @winder pressure and the nitrogen is distilled over as
into an apsorption vessel containing boric¢vacid solution, using an ammonia distillation appany
amount of absorbed ammonia is determined by titration with an acid of known concentration.

4.4.2 agents

During thee analysis, unless otherwise stated, use only reagents of recognized analytical grade and
analytical purity.

44.21 ater, distilled or fully demineralized by ion exchange.

Unless otherwise-specified, solutions are aqueous.

by fusion

rides are

ammonia
atus. The

of known

4.4.2.2 Hydrofluoric acid, HF, p = 1,13 g/ml.

4.4.2.3 Boricacid, H3B05

4.4.2.4 Boricacid solution, to be prepared by dissolving 40 g of boric acid in 11 of hot water (temperature

approx. 60 °C).

4.4.2.5 Sodium carbonate, Na,CO;, with a purity of at least 99,95 %.

4.4.2.6 Titration acid, hydrochloric acid, or sulfuric acid solution, ¢(HCI) = 0,1 mol/l or ¢(H,SO,) =

0,05 mol/l.

© IS0 2024 - All rights reserved
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4.4.2.7 Sodium hydroxide solution, to be prepared by dissolving 400 g of sodium hydroxide in 1

4.4.3 Apparatus

Ordinary laboratory apparatus and the following:
4.4.3.1 Analytical balance, with a resolution of at least 0,01 mg.

4.4.3.2 Laboratory oven or microwave oven, suitable for temperatures up to 230 °C.

1 of water.

4.4.3.3 Apparatus for the determination of ammonia, e.g. by the Parnas-Wagner method, with a steam

generato

4.4.3.4 PDigestion apparatus to be used under pressure, with polytetrafluoroethylere jinsel
capacity ¢f 100 ml and suitable for use at temperatures up to 200 °C.

4.4.3.5 Potentiometric titrator, comprised of a pH measuring cell, a metered‘volume of 50
resolution of at least £0,025 ml.

4.4.4 Salimple preparation

Prepare and dry the sample as specified in ISO 21068-1 .
4.4.5 Procedure

4.4.5.1 |Decomposition of sample under pressure

ts with a

ml and a

quantitat{vely to the polytetrafluoroethylene insert of the pressurized digestion apparatus (4.

.3.4) and

Weigh 500 mg of the test sample, pre-treated as specified in 4.4.4, to the nearest 0,01 mg. Tranfer this

add 5 ml [of water (4.4.2.1) and 10 ml of hydroflQoric acid (4.4.2.2). Seal the apparatus as direc
manufactrer and heat (4.4.3.2) the solutionsand sample to (200 £ 5) °C for 4 h to 6 h. After cd
opening the apparatus, bind the excess hydrofluoric acid by adding 4,7 g of boric acid (4.4.2.3). |
dark particles which are occasionally left-behind. Transfer the solution to a 250 ml volumetric
make up o the mark with water.

4.4.5.2 |Standardization of titration acid

Dry the s¢dium carbonate at270 °C to 300 °C for 1 h, stirring occasionally, and store it over calciur
in a desic¢ator.

Weigh 20p mg of sodiuim carbonate (4.4.2.5) to the nearest 0,01 mg into a sealable weighing bottle

Dissolve fhe sodium carbonate in 50 ml of water and add the titration acid (4.4.2.6) using a pote
titrator apparatus (4.4.3.5) until the equivalence point in the pH range of 4,6 + 0,2 is reached. Take]
of not lesg than three titrations. The coefficient of variation shall not exceed 0,001.

ed by the
oling and
bnore any
flask and

h chloride

tiometric
the mean

4.4.5.3 Distillation and potentiometric titration

Use a one-mark bulb pipette to pipette a 50 ml aliquot portion of the solution prepared as described in
4.4.5.1 into an ammonia determination apparatus (4.4.3.3) which has been steamed out. Pour 20 ml of boric
acid solution (4.4.2.4) into the absorption vessel of the still and immerse the condenser outlet in the solution.

After adding 50 ml of sodium hydroxide solution (4.4.2.7) to the digestion solution, distil over the
into the absorption vessel by passing steam through the heated solution until 200 ml to 250 ml

ammonia
has been

collected. The reaction is complete when there is no change in the pH value of the boric acid solution.

Determine the amount of ammonia absorbed in the boric acid solution by potentiometric titration
standardized titration acid. The equivalence point is in the pH range of 4,6 * 0,2.

© IS0 2024 - All rights reserved
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The time for complete reaction should be established before the method is applied.

4.4.5.4 Blank value

To determine the blank value, carry out the analysis procedures described in 4.4.5.1 and 4.4.5.3, but
without sample.

4.4.6 Calculation and expression of results

4.4.6.1 General

For calculation of results the titration correction factor (4.4.6.2) shall be included

Report the result to the nearest 0,1 %.

4.4.6.2 |Calculation of the titration correction factor

Calculatelthe titration correction factor, ¢, of the acid using Formula (2).

4.4.6.3 |Calculation of nitrogen content

Calculate [the nitrogen content, My, as a percentage by mass using Formula.(3).

4.4.7 Precision

The precision data for the determination of total nitrogen in.a'silicon nitride powder sample by Kjeldahl
distillatign is given in A.3.

4.5 Calculation of Si;N, content using total nitregen content

4.5.1 Chlculation

Calculate|the mass fraction of silicon nitride in the sample, WSiN,, expressed as a percentpge using
Formula (4):

WsiNp =W %2,504 4)
where

WsisN is the silicon nitride content of the sample, in mass percent;

wy is thesmass fraction of total nitrogen in the sample measured according to sections #.2, 4.3 or

445491 percent;

2,504 stoichiometric factor for converting nitrogen to silicon nitride.

5 Determination of soluble iron by extraction with hydrochloric acid followed by
inductively coupled plasma-optical emission spectrometry (ICP-OES)

5.1 General

The determination of hydrochloric acid soluble iron on the finished product is an important parameter for
process and quality control. Iron can be introduced to materials during manufacture and into powdered
samples using a milling apparatus that has iron-containing components in its construction. The content of
soluble iron determined by the described method is highly dependent upon the extraction method used.

© IS0 2024 - All rights reserved
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5.2 Principle

The powdered silicon carbide sample is extracted with hydrochloric acid by boiling under reflux. After
cooling down to room temperature and sedimentation of silicon carbide, the clear supernatant is used for
measurement of iron concentration by ICP-OES.

5.3 Apparatus

Ordinary

laboratory apparatus and the following:

5.3.1 Analytical balance, with a resolution of at least 1 mg.

5.3.2 E
matching

533 H

5.3.4 V¢lumetric flask, at least 100 ml, glass.

5.3.5 I(
simultang

5.4 Regjgents

Fully deio
sufficient

541 H

5.5 Sar

Prepare and dry the sample as specified in-1SO'21068-1 .

ktraction apparatus, glass, consisting of an 100 ml Erlenmeyer flask with ground
reflux condenser.

pt plate, suited to bring the content of the Erlenmeyer flask (5.3.2) to a boil.

ous.

nized water and reagents of known analytical grade:shall be used. Ensure that the reage
y high purity so that they can be used without affeeting the accuracy of the determinati

ydrochloric acid, HCI, c(HCI) = 5 mol/1.

hple preparation

5.6 Prqcedure

WARNING — There is a risk of release of acid fumes during the extraction process.

A sub-sampple mass suited fofthe analytical purpose is weighed to the nearest 1 mg into the Ej
flask (5.3|2) and 25 ml hydfochloric acid (5.4.1) is added.

NOTE A sub-sample‘mass of 1 g has been shown to be appropriate.

Place the [Erlenmeyeér flask onto the hot plate (5.3.3) and fix the reflux condenser to the Erlenmg
Turn on the hotplate and boil the content of the Erlenmeyer flask under reflux for 30 min. Tu
hot plate [ahd r1nse the reflux condenser from the top W1th water. Remove the reflux condenser
Erlenmeyer RRe ETITIEYET i ' '

joint and

P-OES, inductively coupled plasma - optical emission spectromieter (ICP-OES), sequiential or

nts are of
n.

lenmeyer

yer flask.
I'n off the
from the

mperature.

Transfer the content of the Erlenmeyer flask to the volumetrlc flask (5.3.4). Thoroughly rinse the Erlenmeyer
flask with water and transfer the washings into the volumetric flask. After this, the volumetric flask is filled
up to volume with water. After sedimentation of silicon carbide, the clear supernatant is used to measure
the iron concentration. For each sample at least two extractions should be carried out. For blank correction,
at least two extractions according to the described procedure and without using sample material should be
carried out.

5.7 Measurement

The sample solution and blank solution obtained in 5.6 is analysed for iron using ICP-OES. The analysis of
aqueous sample solutions by ICP-OES is a common standard procedure whose execution can be assumed

© IS0 2024 - All rights reserved
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to be known. Therefore, a detailed description of the procedure for the analysis of the sample solution by
ICP-OES is not given. Recommended iron emission lines are: 241,331 nm, 262,567 nm, 275,573 nm and
373,486 nm.

5.8 Calculation

The content of hydrochloric acid soluble iron wg, of the sample shall be calculated under consideration of
sample mass and blank values. The soluble iron content as the mean of the blank corrected single values
of the multiple determinations shall be expressed in mass fractions in percentage and rounded off in
accordance to the uncertainty of measurement.

Calculate the mass fraction of soluble iron using Formula (5):

(Cy —Cg )XV
10xmg
where
Wg. | is the content of hydrochloric acid soluble iron in the sample, in mass percent;

Cy | is the measured iron concentration in sample solution, milligrams per litres;
Cg | is the measured iron concentration in blank solution, milligrams per litres;
Vs is the volume of sample solution, millilitres;

mg is the sample mass, milligrams.

6 Detdgrmination of metallic (free) aluminium by the hydrogen generating m¢thod

6.1 Pripciple

The volurhe of hydrogen generated by the reaction of diluted hydrochloric acid with any free alugninium in
the sample is measured.

NOTE Any other elements or compounds which evolve with diluted hydrochloric acid hydrogen or dther gases
(e.g. CO, from carbonates) can interfere and will deliver increased values for free aluminium.

The free gluminium content canyalso be determined by the evolution of hydrogen using sodium Hydroxide.
In this calse, the volume of hydrogen evolved is corrected for the free silicon content (ISO 21048-2:2024,
Clause 9),

6.2 Rejgents

Only anallyticalgrade chemicals of which the analytical purity is known, and distilled water or wgter which
has been fompletely deionized by means of an ion exchange process shall be used.

6.2.1 Hydrochloric acid, HCI, ¢(HCl) = 5 mol/l.

6.3 Apparatus

6.3.1 Gas volumetric apparatus

NOTE The gas volumetric apparatus is as given in ISO 21068-2:2024, Figure 4, whereby the electric heating
mantle and the insulation plate are not required.

6.3.2 Magnetic stirrer

© IS0 2024 - All rights reserved
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6.3.3 Analytical balance, with a resolution of at least 0,1 mg.

6.4 Sample preparation

Prepare and dry the sample as specified in ISO 21068-1.

6.5 Procedure

Weigh (0,5 = 0,01) g of sample and transfer to a clean, dry flat-bottomed flask. Balance the liquid surface of
the level bottle to the zero line of gas burette and fix the level bottle. Add 40 ml of hydrochloric acid (6.2.1),
to the flat-bottomed flask and connect it to the bottom of the condenser.

Connect

1

liquid sur

Measure

Keep the
the level

1

temperat

NOTE

he gas burette to the upper part of the condenser by using a connector tube and b4
face of the level bottle to the liquid surface of the gas burette. Read the scale to the rear

he temperature adjacent to the gas burette.

suspension stirring until the level in the gas burette is constant. Balancecthe liquid

bottle to the liquid surface of the gas burette. Read the scale to the nearest 0,1 ml. Me
ire and the atmospheric pressure. Do not allow the room temperature to cthange by more

Typical reaction times lie between 20 min and 25 min.

6.6 Calculation and expression of results

Correctt

Vistp

where

L volume reading to the gas volume at standard temperatuve, V(srp), using Formula (6):

Vistp

4
p

Puzo0
T

Calculate

A=V,

where

A

(

X(p_pHZO)X 273
1013,25  (273+T)

-1

is the gas volume at standard temperature, in millilitres;

is the atmospheric pressure, at time of measurement, in hectopascals;

is the partial pressure‘afwater vapour at the measured temperature, in hectopascals
is the measured temperature, in degree Celsius.

the percentage-offree aluminium in the sample, 4, using Formula (7):

sp) < 0,000 804><1%:10

lance the
bst 0,1 ml.

burface of
asure the
than 3 °C.

(6)

is the measured volume (differencelbetween start and end reading of the gas burette), in millilitres;

(7)

is the content of free aluminium in the sample, in mass percent;

Vistpy is the gas volume at standard temperature, in millilitres;

m

is the sample mass, in grams.

Report the result to the nearest 0,1 %.
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7 Determination of acid soluble aluminium and magnesium

7.1 General

The determination of acid soluble (free) aluminium and acid soluble (free) magnesium is carried out using
one of the following methods:

a) acid decomposition followed by inductively coupled plasma - optical emission spectrometry (ICP-OES)

detec

tion;

b) acid decomposition followed by atomic absorption spectrometry (AAS) detection;

C) aCid Gecomposition follagwaza dbuvinductivaly covnlad nlacina  soacc cnne +vnmn+ry (ICP I\IIS) dC tection.

7.2 Rejgents

Only anal
has been

721 H

7.3 Prc

Weigh (0,
stir well,

After 16 h
hydrochlg
(7.2.1). Tr|

If the soly
the top cl

7.4 Me

The obtaijned sample solutions shall be analysed using the common analytical methods for liqu

solutions

coupled plasma-optical emission §pectrometry (ICP-OES) or inductively coupled plasma-mass spe

(ICP-MS).

7.5 Prdcision

The preci

by acid dgcomposition / ICP-OES in refractories containing carbon is given in A.4.

8 Detdrmination of elemental impurities in SiC raw materials

oI P OSTCIoO TOTTO vy C O o y oo C v O y - CotaprotproasTiT TS S P TtrocT

ytical grade chemicals of which the analytical purity is known, and distilled water or w3
completely deionized by means of an ion exchange process shall be used.

ydrochloric acid, HCI, c(HCI) = 5 mol/1.

cedure

b - 1,0) g sample to the nearest 0,01 g into a 100 ml beakef;add 30 ml of hydrochloric ac
cover with a watch glass, and allow to stand at room tenfperature.

, filter the suspension with a filter paper (type 5 B, patrticle retention 2,5 pm). Wash the be
ric acid (7.2.1) and filter the washing. Wash filterwith residue thoroughly with hydroc}
hnsfer the filtrate and washings into a 200 ml volimetric flask and dilute to the mark wit]

tion becomes cloudy, centrifuge a portion 0fthe sample solution to separate out particlg
bar layer as the sample solution.

asurement

(see, for example, 1ISO 26845 [12]) such as atomic absorption spectrometry (AAS), iy

Sample masses and dilutions shall be adapted for the appropriate technique.

sion data forthe determination of acid soluble (free) aluminium and acid soluble (free) m

ter which

id (7.2.1),

aker with
)loric acid
h water.

s and use

id sample

i ductively
trometry

agnesium

This clause describes two commonly used sample digestion methods for SiC raw materials. For other SiC
containing refractory material groups, X-ray fluorescence (XRF) shall be used in accordance with ISO 12677
or wet chemical analysis methods shall be used as specified in Table 1.
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Table 1 — Selection of method of determination according to materials

Classification of refractories Method of determination

Graphite bricks containing silicon carbide

Silicon carbide bricks (including those containing
silicon nitride)

Clay-l_)zflsed rgfr_actories containing silicon carbide 1SO 21587-1, 1SO 21587-2 and 1SO
and silicon nitride 21587-3

Silica-based refractories containing silicon carbide
and silicon nitride

High-alumina-based refractories containing silicon

lad dcils adaaa ol
caroratant STITCOTT Irretr 1ac

Magnesia- and dolomite-based refractories contain- [ISO 10058-1, ISO 10058-2 and ISO

ing silicon carbide and silicon nitride 10058-3
Chrome-magnesite-based refractories containing IS0 20565-1, ISO 20565-2 and 1SO
silicon carbide and silicon nitride 20565-3

Zircon-zirconia-based refractories containing silicon
carbide and silicon nitride 1SO 21079-1, 1SO 21079-2 and 1SO

Alumina-zirconia-silica-based refractories contain- |21079-3
ing silicon carbide and silicon nitride

ISO 21587-1,4S0 21587-2 and ISO

. . . . 21587-3
Alumina-magnesia-based refractories containing and fox
silicon carbide and silicon nitride 1SO.10058-1, 1SO 10058-2 and ISO
10058-3
Refractories containing silicon carbide and silicon [SO 21587-1, ISO 21587-2 and ISO
nitride except those given above 21587-3

8.1 General

For the d¢termination of elemental impurities in*SiC raw materials by spectrometric methods thelfollowing
sample d¢composition procedures shall be used:

— alkaljne melt fusion;

— acid gressure decomposition.
8.1.1 Alkaline melt fusion

8.1.1.1 [Principle

The powdered silicen carbide sample is decomposed in a platinum crucible using a melt of a mixture of
Na,CO; and K,€057 After dissolution of the melt-cake with nitric acid the concentration of plemental
impuritiep ind¢hé€sample solution is measured using an appropriate spectrometric method.

8.1.1.2 Reagents

Fully deionized water and reagents of known analytical grade shall be used. Ensure that the reagents are of
sufficiently high purity so that they can be used without affecting the accuracy of the determination.

8.1.1.2.1 Mixture of sodium carbonate and potassium carbonate, Na,CO5 / K,CO3, 1:1 by mass.
8.1.1.2.2 Sodium nitrate, NaNO,.

8.1.1.2.3 Nitric acid, HNO3, concentrated (p = 1,40 kg/1), c((HNO3) approximately 14,5 mol/l.
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8.1.1.3.1
8.1.1.3.2
8.1.1.3.3

8.1.1.3.4
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Apparatus

laboratory apparatus and the following:
Analytical balance, with a resolution of at least 0,01 mg.
Platinum crucible, 30 ml, standard form with close-fitting lid.
Burner, Bunsen type.

Volumetric flask, glass, 250 ml.

8.1.1.3.5
8.1.1.3.6

8.1.1.4

Prepare 3
<50 pm.

crushing,
the accur

8.1.1.5

Weigh ap
crucible

lid onto t
a low ten
decompos
maximuni
and lid in
the melt-
platinum
beaker to
into the v

For each
decompos

Before re
and withg

8.1.1.6

(8.1.1.3.2), add 4 g of Na,C0O5/K,CO5 (8.1.1.2.1)<mixture, mix thoroughly and place the

Beaker, glass, 250 ml.
Ultrasonic bath.

Sample preparation

nhomogeneous sample material shall be homogenized. Standard-apparatus and procs
milling and homogenization may be used provided that no contamination occurs whic
hcy of the determination.

Procedure

broximately 200 mg of the silicon carbide powder sample to the nearest 0,01 mg into the

he crucible. Heat the crucible with the Bunsefi*burner and melt the Na,C0O5;/K,C0O; mixt
perature flame. Gradually increase the teniperature of the flame until the sample is ¢
ed. Add 50 mg to 100 mg of NaNO; (8.11.2.2) to the hot melt and heat the covered cru
flame temperature for 5 min. After;cooling down to room temperature place platinun

fake. After complete dissolution_of the melt-cake, add 10 ml HNO; (8.1.1.2.3). Thoroug
crucible and lid with water and-transfer the washings into the beaker. Transfer the cont
the volumetric flask (8.1.1=3:4). Thoroughly rinse the beaker with water and transfer the
plumetric flask. After this;the volumetric flask is filled up to volume with water.

sample at least two~decompositions should be carried out. For blank correction, at
itions accordingto'the described procedure and without using sample material should be c3

use of platinu crucible and lid, a cleaning step according to the described procedure
ut any sample material should be carried out.

Measurement

nd dry the sample as specified in ISO 21068-1. The sample material shall have a partif

le size of
dures for
h reduces

platinum
platinum
ure using
pmpletely
Cible with
h crucible

the beaker (8.1.1.3.5), add 100 mlwater, place the beaker in the ultrasonic bath ang dissolve

rhly rinse
ent of the
washings

least two
irried out.

hbove but

The obtaire

carmanla caolutionc chall bao ool cad acoin atha coxaaoy ool ool athaoadc for- 10

e ST pPTC— SUTO IO S STralt ot—attaty STt uo1116 CIC—COTIITIIOTT attary crcar HetnoasS—+1ot AA\.lu

d sample

solutions (see, for example, ISO 26845 [12]) such as atomic absorption spectrometry (AAS), inductively
coupled plasma-optical emission spectrometry (ICP-OES) or inductively coupled plasma mass spectrometry

(ICP-MS).
812 A

8.1.2.1

Sample masses and dilutions shall be adapted to the analytical purpose.
cid pressure decomposition

Principle

The powdered silicon carbide sample is decomposed at high pressure and temperature using a mixture
of concentrated nitric acid, hydrofluoric acid and sulfuric acid. The resulting sample solution is measured

using app

ropriate methods.
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8.1.2.2 Reagents

Fully deionized water and reagents of known analytical grade shall be used. Ensure that the reagents are of
sufficiently high purity so that they can be used without affecting the accuracy of the determination.

8.1.2.2.1 Nitric acid, HNO3, concentrated (p = 1,40 kg/1), c((HNO3) approximately 14,5 mol/l.
8.1.2.2.2 Hydrofluoric acid, HF, concentrated (p = 1,13 kg/1), c¢(HF) approximately 23 mol/I.

8.1.2.2.3 Sulfuric acid, H,S0O,, concentrated (p = 1,83 kg/1), c¢(H,S0O,) approximately 18 mol/1.

8.1.2.3 [Apparatus

Ordinary|[laboratory apparatus and the following:
8.1.2.3.1| Analytical balance, with a resolution of at least 0,01 mg.

8.1.2.3.2| Acid/pressure sample decomposition system, capable of being heatedto 250 °C + 5 °(C} pressure
vessels with suited decomposition vessels resistant against the acids used andayolume up to 250 ml.

NOTE A drying cabinet with fume extractor is suited for heating the pressure vessels. Heating chn also be
performed using microwave radiation. With these commercially available micfowave sample decompositign systems
a significapt reduction of the time required for complete sample decomposition can be achieved.

8.1.2.3.3| Volumetric flask, at least 100 ml, resistant against the acids used.

8.1.2.4 [Sample preparation

Prepare 4nd dry the sample as specified in ISO 21068-1. The sample material shall have a partifle size of
<50 um. [nhomogeneous sample material shall be~homogenized. Standard apparatus and procqdures for
crushing,|milling and homogenization may be tised provided that no contamination occurs whi¢h lessens
the accurfcy of the determination.

8.1.2.5 [Procedure

A sub-sarpple mass suited for the.analytical purpose but not more than 300 mg is weighed to tHe nearest
0,01 mg igto the decompositionvessel (8.1.2.3.2). Add 4 ml of HNO; (8.1.2.2.1), 4 ml of HF (8.1.2.2.2]) and 4 ml
of H,SO, [8.1.2.2.3). Place the 'decomposition vessel in the pressure vessel (8.1.2.3.2) and close it pccording
to the maphufacturer’s instructions. Place the pressure vessel in the heating device and heat to 25( °C £ 5 °C
for at leadt 14 h.

NOTE The heatingtime is significantly reduced if a microwave sample decomposition system is used.

After the|heating step, the pressure vessel is removed from the heating device and, after cooling down,
opened a¢cording to the manufacturer’s instructions. Transfer the content of the decomposition vessel to

the volunmpetpic flask (8.1.2.3.3). Thoroughly rinse the decomposition vessel with water and trgnsfer the

washings into the volumetric flask. After this, the volumetric flask is filled up to volume with water.

For each sample at least two decompositions should be carried out. For blank correction, at least two
decompositions according to the described procedure and without using sample material should be carried out.

Before re-use, the decomposition vessel shall be cleaned with 10 ml HNO; (8.1.2.2.1) at a temperature of
100 °C for 4 h. When a microwave sample decomposition system is used a similar cleaning step shall be
performed according to the manufacturer’s instructions.

© IS0 2024 - All rights reserved
17


https://standardsiso.com/api/?name=4d0d519ba765619282dfa09a60c4d643

8.1.2.6

IS0 21068-3:2024(en)

Measurement

The obtained sample solutions shall be analysed using the common analytical methods for liquid sample
solutions (see, for example, ISO 26845 [12]) such as atomic absorption spectrometry (AAS), inductively
coupled plasma-optical emission spectrometry (ICP-OES) or inductively coupled plasma-mass spectrometry

(ICP-MS).

Sample masses and dilutions shall be adapted for the specific method.

8.2 Determination of impurities by XRF (fused bead method)

As an alternative method for the determination of elemental impurities, the XRF method as specified in
ISO 12677 can be applied. For silicon carbide and similar materials, sample preparation for XRF shall be
performed according to ISO 16169.

8.3 Def

As an al
specified
measurer
in a direc
in the arg
simultane
its spectr
of the inte

9 Expr

Express t

10 Test

The test 11

ermination of impurities by DCArc-OES (direct solid sampling method)

ernative method for the determination of elemental impurities, the DCAfe;OES ny
in EN 15979141 can be applied. For the DCArc-OES method, no sample decorfiposition pj
hent is required. The combustion and evaporation of the powdered sample’material tg
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Annex A
(informative)

Precision data

A.1 Precision data for the determination of total nitrogen and total oxygen by inert-
gas fusion (4.2) in a silicon carbide powder sample

The resulfs of the interlaboratory study for the determination of total nitrogen by inert-gas fusion|are given
in Tables A.1 and A.2. and the results for the determination of total oxygen are given in Tables.A.3 pnd A.4.
NOTE The precision data was obtained in the frame of the certification of the referencermaterial [BAM-S003
Silicon Caijbide Powder (green micro F 800). Based on the results of the participating laboratosies, precision data was
calculated|according to ISO 5725-2 [13],
Table A.1 — Precision data for total nitrogen by inert-gas fusion
Designatijon Precision data
Number of participating laboratories, p; 11
Number of accepted single values of all laboratories, n; 66
Mean valye, m, in mg/kg 92,4
Repeatablillity standard deviation, s,, in mg/kg 6,7
Repeatablility limit: r=2,8 x s, in mg/kg 18,7
Variation foefficient of the repeatability standard deviation;v,, in percentage relative 7,2
Reproducjbility standard deviation, Sy, in mg/kg 31,7
Reproducjbility limit: R = 2,8 x Sg, in mg/kg 87,4
Variation foefficient of the reproducibility standard deviation, V, in percentage relative 339
Table A.2.—Single values for total nitrogen, mg/kg
Measurement
Laboratdry m s Srel
#1 #2 #3 #4 #5 #6
1 46,7 5,6 12,0 42,0 45,7 43,1 55,2 51,9 42,0
2 59,2 7,7 13,1 55,0 64,0 67,0 67,0 52,0 50,0
3 64,2 3,7 5,8 61,1 60,1 67,6 61,3 67,6 67,6
4 80,0 11,0 13,7 70,0 70,0 80,0 80,0 80,0 100,0
5 88,8 4,3 4,8 84,3 93,1 87,5 88,2 94,7 84,8
6 89,2 3,5 4,0 93,0 84,0 86,0 92,0 91,0 89,0
7 93,8 6,3 6,7 95,0 98,0 103,0 88,0 86,0 93,0
8 99,0 5,3 54 95,0 95,0 106,0 105,0 94,0 99,0
9 114,5 29 2,5 111,0 116,0 117,0 112,0 118,0 113,0
10 127,8 4,6 3,6 134,0 128,0 132,0 122,0 124,0 127,0
11 150,8 11,6 7,7 135,0 146,0 162,0 142,0 156,0 164,0
Key
m mean value in mg/kg
s standard deviation in mg/kg
s, Standard deviation in percentage relative
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