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Forew

ISO (the I

IS0 21068-2:2024(en)

ord

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)
this may
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 ngtice 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
silica

— 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 21068-2:2008), which has been t¢chnically

changes are as follows:

bds described in ISO 12698-1:2007 for the determination of free carbon, silicon carbid¢ and free
have been included in“this document;

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 ISO 21068 series has been developed from the combination of EN 12698-1:2007[] and EN 12698-
2:200712] and 1SO 21068-1:2008,[31 SO 21068-2:2008[4] and 1SO 21068-3:2008.[2] 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.

The ISO 41068 series is applicable to the analysis of all refractory products as classified in 1S0.0081-1,[7]
ISO 1008[1-2,[8] ISO 10081-3 [2] and ISO 10081-4[19] (shaped) and I1SO 1927-1[11 (unshaped) |and for raw
materials|containing carbon and/or silicon carbide. Therefore, the ISO 21068 series coversthe full range of
analysis firom pure silicon carbide to oxide refractory composition with low-content silicon carbifde and/or
nitrides. Primarily, the ISO 21068 series provides methods to distinguish between different carjon bound
types likd total carbon (C,,;,) and free carbon (C¢..) and derives from these two thésilicon carbide content.
ISO 21068-4 includes details of sample preparation and general principles for qualitative and quantitative
analysis ¢f mineralogical phase composition. Quantitative determination of(@ySi3N,, B-SizN,, SijON,, AIN,
and sialon are described.

If free cafbon is present, ISO 21068-2 includes different temperature treatments to determine|the mass
changes gravimetrically. Frequently, the resulting residue is used for-9ther determinations.

The deterjmination of other groups of analytes described in the [SO21068 series are free metals, ffee silicon
(Sifee), free aluminium (Alg,...), free magnesium (Mgg,...), free iton (Fey,...) and the group of oxides from main
to trace cpmponents.

The ISO 21068 series also describes the determinationtof silicon dioxide, total silicon, oxygen and nitrogen
and other{oxide bound metals that typically occur in:the materials.

It represents a listing of analytical methods whichis generally structured according to material corpposition.
However, [it is still the user who should provecthe applicability of the method depending on the material and
analytical] requirements.

The mostfbroadly used analytical techiiques such as X-ray fluorescence spectroscopy (XRF) and ifductively
coupled pllasma-optical emission spectrometry (ICP-OES) suffer from the disadvantage that the pnalytical
results arje chemical species indépéndent. For carbon-containing ceramic raw materials and comjpositions,
the ISO 21068 series provides analytical methods for the determination of free carbon, and $iC in the
presence pf oxide compoundsin particular SiO,.

Due to the diversity oflaboratory equipment, the ISO 21068 series summarizes broadly used pnalytical
techniqugs which lead to equivalent results. For example, the determination of carbon is baged on all
described methods on the reaction of carbon with oxygen at elevated temperatures to CO,. Thus,|carbon is
analysed ps CO,,

As well ag ¢apbon and carbide compounds, metallic silicon, aluminium and magnesium are consideffed. While
metallic silicon is mainly a precursor material which remains after the production process of SiC in the raw
material, metallic aluminium is added as an antioxidant in carbon-containing refractory formulations.

Mostly oxide bound components, such as Al,05, CaO, MgO, TiO,, Cr,05, ZrO, and alkalis, can be determined
by XRF, ICP-OES or wet chemical methods (see ISO 12677[13], ISO 26845[23], ISO 21587-1[20], ISO 21587-2[21]
and ISO 21587-3[22]). These results can be corrected by formulae provided by the ISO 21068 series, in
consideration of the values obtained by the determination of carbon, SiC, and metallic components.

The ISO 21068 series also provides methods for qualitative and quantitative determinations of the nitrogen
content and the determination of oxygen. Thereby only the total content of nitrogen and oxygen is given; a
precise determination of non-carbide components (oxides and nitrides) is not possible in this way.

© IS0 2024 - All rights reserved
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The ISO 21068 series also provides methods to distinguish quantitatively between different varieties of
nitrides like silicon nitride, silicon oxy-nitride and sialon.
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Chemical analysis of raw materials and refractory products
containing silicon-carbide, silicon-nitride, silicon-oxynitride
and sialon —

rbon,

)

)
silicon carbide, total and free silicon, free and surface silic

1 Scope

This docyment specifies analytical techniques for the determination of volatile’components by thermal
treatment at specified temperatures, and methods for the determination of the total carbon, frde carbon,
silicon carbide, total and free silicon and free and surface silica content of silicon-carbide, silicon-nfitride and
silicon-oxjynitride containing raw materials and refractory products.

2 Normative references

The folloying documents are referred to in the text in such a.way that some or all of their content cpnstitutes
requiremgnts of this document. For dated references, only<lhe edition cited applies. For undated references,
the latest|edition of the referenced document (including.any amendments) applies.

ISO 33101, Test sieves — Technical requirements and-testing — Part 1: Test sieves of metal wire cloth
ISO 92862021, Abrasive grains and crude — Chemical analysis of silicon carbide

[SO 21068-1, Chemical analysis of raw materials and refractory products containing silicon-carbide, silicon-
nitride, silicon-oxynitride and sialon — Padrt 1: General information, terminology and sample preparatjion

3 Terms and definitions

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

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

— IS0 Opnline bréwsing platform: available at https://www.iso.org/obp

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

4 Determination of volatile components by gravimetric methods

4.1 General

The determination of volatile components is defined as change in mass caused by heat treatment of the
sample at a defined temperature. The change in mass is measured by weighing.

Table 1 gives an overview of methods for determination of volatile components.

© IS0 2024 - All rights reserved
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Table 1 — Methods for determination of volatile components

Title of method Temperature | Subclause Application
Attached water and chemically combined water are
Loss on drying (W gp2s50) 250°C 4.2 removed, for example, in clay containing plastic for-
mulations.
Loss on ignition in argon 750 °C 43 All volatile compounds from pitch- or resin-bonded
Wioiar) — formulations are removed.

4.2 Determination of the loss on drying at 250 °C (wy gp250)

421 P

The test s
4.2.2 A

4.2.21
from stail

4.2.2.2

423 P

Heat the
empty ma

Transfer
mass, my,

Place the
Weigh an

424 C

Calculate

WioDp

where

W,0D]

1ncinl

ample is heated at 250 °C # 10 °C and the change in mass is determined gravimetrically.
pparatus

Heat-resistant container, for example, with dimensions 200 mm x 1508mm x 30 mm
nless steel.

Analytical balance, capable of measuring to the nearest 0,01 g.

rocedure

heat-resistant container at 250 °C + 10 °C for 30 miny*Cool in a desiccator, weigh and
ss, m, to the nearest 0,01 g.

00 g to 600 g of the sample into the container_.and spread it out evenly. Then weigh and 1
of the container and sample to the nearest 0,01 g.

container without a lid in air and heat b at 250 °C + 10 °C for 16 h. Allow to cool in a d
l record the mass, m,, of the container.plus the dried sample to the nearest 0,01 g.

hlculation
the loss on drying at 250 fCy'wy gp,5(, as a percentage by mass, using Formula (1).

my —m,
50 =——=x100
my —my

50 is.the loss on drying at 250 °C, in mass percent;

is the mass of the empty container, in grams;

hnd made

record its

ecord the

esiccator.

)

is the mass of the container plus the sample before heating, in grams;

is the mass of the container plus the sample after heating, in grams.

4.3 Determination of the loss on ignition in argon (wygjs,)

4.3.1 Principle

The sample is heated in an argon atmosphere at 750 °C to remove volatile matter. The change in mass is
determined gravimetrically.

NOTE

The residue can be used for determination of C,,,, SiC and C¢,,, in organic matter containing materials.

© IS0 2024 - All rights reserved
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The change in mass during heating in argon must be considered for the calculation of C,;,}, SiC and Cg,..

4.3.2 Apparatus

Ordinary
4.3.2.1
4.3.2.2
4.3.2.3
4.3.2.4

4.3.2.5

laboratory apparatus and the following.
Analytical balance, capable of measuring to the nearest 0,001 g.

U-tube, with ground stoppers and filled with magnesium perchlorate.

Resistance furnace, capable of reaching (750 + 25) °C, in the centre of the heating zone.

Thermocouple with display, registering up to 1 200 °C.

Ceramic tube, with cones or other gastight connector, of suitable diameter, made from

sillimanite, quartz or other suitable material.

4.3.2.6
zone of ¢
required

4.3.2.7

The argo

bnstant temperature. The boats shall be broad enough to accommodate the amount
for the determination.

Gas flowmeter, with an upper scale reading of around 20 }/h.

oxygen diffusion. Preferable materials are glass and copper. Silicone is unsuitable.

433 T

bst assembly

The test dssembly is set up as shown in Figure 1.

[~<—
- W

porcelain,

ODpen combustion boats, of unglazed ceramic material, the length of which matches the oven's

pf sample

h-conducting parts, such as tubes and connections, must be made of material proofdd against

Key
1  valve for pressure\éontrol 5  argon cylinder 9  combustion boat
2 cold zone B 6  glass wool 10 gas flowmeter
3 cold zZoneA 7  magnesium perchlorate
4 ceranjictube 8 resistance furnace

Figure 1 — Apparatus set-up for determination of loss on calcination in argon
4.3.4 Reagents

4.3.4.1 Argon, 99,997 %.

© IS0 2024 - All rights reserved
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rocedure

Check of test assembly, blank value determination

To check a newly set up test assembly or to carry out routine checks, at least two samples of known volatile-

matter co

ntent shall be calcined as described in 4.3.5.2 before determining the analytical sample.

The difference between the result found in accordance with 4.3.5.2 and the known volatile-matter content
shall be considered as the blank value.

4.3.5.2

Carry out
Before us

Weigh thg
temperat
combusti

Place the
rate that

NOTE 1

Place the
of the arg

Move the
NOTE 2

Allow the
mass, m.

Repeat th

(200 000

Determination

at least two determinations.
e, flush the apparatus for at least 15 min with argon (4.3.4.1).

empty combustion boat that has previously been heated at (750 * 25) °C and cooled dow
ire and record the mass m,. Weigh approximately 2 g of the sample to the nearest 0,001
pbn boat and record the mass m;.

combustion boat and sample in cold zone A of the apparatus at 200°C. Pass argon thro
bnsures at least five changes of gas in the tube within 15 min.

The required argon flow rate can be estimated according to Formula [2):

axD?xI

is the argon flow rate, in litres periour;
is the tube inner diameter, insmillimetres;
is the tube length, in millimetres.

kample in the centre of the heating zone and heat for 20 min at (750 * 25) °C, without int
pn stream.

combustion boatinte cold zone B and cool in the argon stream at 200 °C.
A period of 20yhin is usually required to cool the sample.

boat to.€ool to room temperature in a desiccator, weigh to the nearest 0,001 g and recor

n to room
g into the

gh it at a

(2)

erruption

] the final

At means,

when two

eCealcination in the argon stream at (750 + 25) °C until constant mass is obtained, th|

TITEaSUTENTEINtS takel at amm imterval of S0 mmimdo motdiffer by more thian 5 mg—————

If the residue is required for the determination of other components, homogenize it and keep it in a closed

weighing

bottle in a desiccator.

4.3.6 Calculation

Calculate the loss on ignition in argon at 750 °C, w; ;a,» as a percentage by mass, using Formula (3).

my —imy
WL0IAr = x100

my —my

© IS0 2024 - All rights reserved
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where
WL0IAr is the loss on ignition in argon at 750 °C, in mass percent;
m is the mass of the empty combustion boat, in grams;
my is the mass of the combustion boat plus the sample before heating, in grams;
m, is the mass of the combustion boat plus the sample after heating, in grams.

5 Determination of the total carbon content

5.1 Sca

This clau
an induct
formed. R

pe

be describes a quantitative analysis of the total carbon content by combustion.inla res
on furnace. In both cases the sample is combusted in an oxygen stream whereby CO, a
emaining CO is catalytically oxidised to CO, prior to the measurement. Ther€after, CO, is

by coulonpetric, infrared absorption or thermal conductivity methods.

5.2 Combustion techniques

For samp
— aresi

— anin
52.1 C

5.2.1.1

The samp
convert t

e combustion with oxygen, one of the listed techniques shall be used:
stance furnace (RF) with lead borate or tin fusion as accelerator/decomposition agent,

luction furnace (IF) with metal fusion as accelerator,
pbmbustion in a resistance furnace with lead borate or tin as decomposing agent

Principle

e carbon to carbon dioxide by cormbustion. The sample mass and the details of the ca

depend o the method of determination used.

5.2.1.2

Use only 1
5.2.1.21

5.2.1.2.2

If not cor
together y

Reagents

eagents of analyticalgrade.
Oxygen, 99,99-%.

Lead berdte, 2 Pb0-B,05.

stance or
nd CO are
measured

le is heated together with lead borate or tin in a stream of oxygen in a resistance tube furnace to

mbustion

kide, PbO,

hmercially available, prepare lead borate by melting 45 g of analytical grade lead o}

pouring i

onfo a clean alumininm p]afp and then pnlvpri7ing it

vith\7'g of analytical grade boron trioxide, B203, for 10 min at (950 °C + 25) °C, cooling tll\e melt by

5.2.1.2.3

5.2.1.3

Ordinary

5.2.1.3.1

Tin powder, grain size < 100 um.

Apparatus

laboratory apparatus and the following.

Analytical balance, capable of measuring to the nearest 0,000 01 g (0,01 mg).

5.2.1.3.2 Resistance furnace with ceramic tube, capable of being maintained at a temperature of
(1 050 % 25) °C if lead borate is used as the accelerator or (1 350 = 25) °C if tin is used as the accelerator

© IS0 2024 - All rights reserved
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in the centre of the heating zone. The furnace shall be fitted with a thermocouple connected to a device

permittin

g measurement of the furnace temperature.

5.2.1.3.3 Open combustion boats of unglazed ceramic material, the length of which is selected to
match the heating zone of the furnace, and which are broad enough to accommodate the amount of sample
required for the determination. Before use, the boats shall be heated in a laboratory furnace at 1 000 °C for

1 h and st

5.2.1.4

ored in a desiccator after cooling.

Setting up of test assembly

Set up the test assembly in accordance with the manufacturer’s instructions.

5.2.1.5

Adjust thq

furnace t¢ a temperature of (1 050 * 25) °C if lead borate is used as the accelerator or (1 350 * 25)

used as th

Weigh thg
in the cor
powder (]

NOTE

The carbd

5.2.1.6

Precision
decompos

522 C

5.2.2.1

The samplle is heated together with aanetal additive in a stream of oxygen using a high-frequency

furnace. 1

5.2.2.2

Use only 1
5.2.2.2.1

5.2.2.2.2

Procedure for RF combustion with lead borate or tin

oxygen (5.2.1.2.1) flow rate to prevent the risk of air being sucked in from the outside. P

e accelerator.

required sample mass to the nearest 0,000 01 g into the combustion boat'and spread it
nbustion boat. Cover the sample with 1,5 g of lead borate (5.2.1.2.2)or; alternatively, 2
.2.1.2.3) and place the combustion boat in the centre of the heatingzone.

Combustion is usually complete after 5 min.

n dioxide gas formed is supplied by the oxygen carrier gas'to the detection unit (5.3).

Precision

ing agent and detection by infrared absorptieitis given in A.1.2.
pbmbustion in an induction furnace (IE) with metallic powder as decomposing agent

Principle

he carbon dioxide releaséd)is transferred by carrier gas to the detection unit.

Reagents

eagents of at least’analytical grade.
Granulated iron accelerator, for example as supplied by the supplier of the furnace.

Granulated tungsten accelerator, for example as supplied by the supplier of the furng

reheat the
°C if tin is

iniformly
0 g of tin

data for the determination of total carbon hy.eombustion in a resistance furnace wjith tin as

induction

ce.

5.2.2.2.3 Granulated copper accelerator, for example as supplied by the supplier of the furnace.

5.2.2.2.4

5.2.2.3

5.2.2.3.1

Oxygen, 99,99 %
Apparatus

Analytical balance, capable of measuring to the nearest 0,000 01 g (0,01 mg).

© IS0 2024 - All rights reserved
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5.2.2.3.2 Combustion crucibles, of ceramic material with covers and holders as recommend
apparatus provider.

ed by the

Before use, the combustion crucibles and covers should be fired at a minimum temperature of 1 000 °C.

5.2.2.4 Procedure

Weigh the required sample mass to the nearest 0,000 01 g into the combustion crucible and add the
metal accelerator. Suitable accelerators include: copper/iron (1 g each), copper/tungsten (1 g each), iron/
tungsten (1 g / 2 g). Then the ceramic cover is placed on the crucible. The crucible is placed in the furnace.

Perform the combustion of the sample according to the operating instructions of the analysis system.

The carb¢n dioxide gas formed during combustion is supplied by the oxygen carrier gas to the
unit (5.3)

5.2.2.5 |Precision

Precision|data for the determination of total carbon by combustion in an induction furnace W
additives fas decomposing agent and detection by infrared absorption is given inA.2.

5.3 Detection techniques

Usually, chmbustion and detection techniques are commercially available in combined systems.
For quantfitative measurements, carbon oxidized with oxygen to.C@, shall be measured by either
— coulometry (5.3.1),

— infrafed absorption (IR) (5.3.2) or

— thernpal conductivity (TC) method 5.3.3).

5.3.1 Cpulometry

The carbpn present in the sample is combusted in a stream of oxygen in a furnace to produ
dioxide. Tpgether with the oxygen, theicombustion gases are drawn off by a pump through a tube g

detection

ith metal

sing:

e carbon
ontaining

percarbamide (CO(NH,), ¢ H,0,), which absorbs the oxidation products of the sulfur contained in tle sample.

The carbpn dioxide is transferred-to a titration cell filled with alkaline barium perchlorate,
solution yhere it is absorbed~with a consequent reduction of the alkalinity of the solution. 4
back titrgtion to the initial pH Vvalue of the solution is carried out using electrolytically generatg
hydroxid¢. The charge Q wthich flowed during back titration is directly proportional to the absorb
dioxide afpd, thus, to thetgtal carbon content of the sample.

Set up angl operatethie test assembly in accordance with the manufacturer's instructions.

To verify the aéeuracy of the procedure reference materials with known total carbon content shall

Ba(Cl10,),,
\utomatic
d barium
bd carbon

be used.

NOTE

5.3.2 Detection of the released carbon dioxide, CO,, by infrared absorption (IR)

The sample gas is transferred into an infrared analysis apparatus. The infrared absorbance

change is

measured. The detector shall be calibrated with at least two reference materials with known total carbon

content.

NOTE Suitable certified reference materials (CRMs) for the calibration of the detector are given in Annex B.

Set up and operate the test assembly in accordance with the manufacturer's instructions.

© IS0 2024 - All rights reserved
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5.3.3 Thermal conductivity (TC) method

The sample gas is transferred into a thermal conductivity measurement cell. The change in thermal
conductivity is measured.

The detector shall be calibrated with at least two reference materials with known total carbon content.
NOTE Suitable certified reference materials (CRMs) for the calibration of the detector are given in Annex B.

Set up and operate the test assembly in accordance with the manufacturer's instructions.

5.4 Expression of results

The measured mass of CO, is recalculated using Formula (4) to mass fraction of total carbon in.the sample
and is regorted as w,.,- Results should be reported to at least 1 decimal place.

_0,2729xmgq;

Wetotdl m %100 4)
E
where:
Wetothl is the content of total carbon in the sample, in mass percent;
Mcoo is the mass of carbon dioxide released during sample combustion, in milligrams;
mg is the initial sample mass, in milligrams.

0,279  is the stoichiometric factor for converting CO,*te’carbon.

6 Detdrmination of free carbon content

6.1 General

For the d¢termination of free carbon, directand indirect methods are used.
Direct mdthods:

stion of free carbon at 850 7C followed by coulometric, infrared absorption or thermal copductivity
ion;

— wet chemical oxidation‘0fAree carbon (hot chromic sulfuric iodic acid method) followed by coulometric
detedtion.
Indirect methods:

inatierrof the free carbon by change in mass during calcination in air;

ination of free carbon by calculation.

NOTE Suitable certified reference materials (CRMs) for the verification of the methods are given in Annex B.
6.1.1 Direct methods

6.1.1.1 Combustion of free carbon at 850 °C followed by coulometric, infrared absorption or
thermal conductivity detection

6.1.1.1.1 Principle

For direct determination of free carbon, combustion in a resistance furnace as described in 5.2.1 is
performed at 850 °C without adding lead borate or tin as decomposing agent. Under these conditions, the

© IS0 2024 - All rights reserved
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oxidation of silicon carbide can be neglected and only free carbon will be oxidized to carbon dioxide. The
quantification of released carbon dioxide shall be performed by using optionally coulometry, infrared
absorption or thermal conductivity.

NOTE This direct method for the determination of free carbon is only applicable if oxidation of silicon carbide
can be neglected. This is the case, for example, with a-SiC containing not less than 95 % of silicon carbide, SiC, and not
more than 2 % of free carbon, C.

If partial oxidation of SiC during combustion cannot be excluded, a correction of the measured free carbon
content shall be applied according to Annex C.

6.1.1.1.2 Apparatus

Ordinary [laboratory apparatus and the test assembly for total carbon determination as describeE in 5.2.1.
The furngce shall be capable of being maintained at a temperature of (850 + 20) °C in the.cenfre of the
heating z¢ne.

6.1.1.1.3| Coulometric detection

Use the mlethod described in 5.3.1.

6.1.1.1.4| Infrared absorption detection

Use the mlethod described in 5.3.2.

6.1.1.1.5| Thermal conductivity detection

Use the mlethod described in 5.3.3.

6.1.1.1.6| Results

Report the free carbon content wy,... in mass pergent to the nearest 0,01 %.

6.1.1.1.7 | Precision

Precision|data for the determination «of free carbon by combustion at 850 °C and infrared absqrption or
thermal cpnductivity detection is given in A.1.3.

6.1.1.2 [Direct determination\of free carbon by wet oxidation (hot chromic sulfuric iodic acid method)

6.1.1.2.1| Principle

This method defineS~the wet-chemical procedure for oxidation of free carbon to carbon dioxjde (CO,).
Methods for meastirement of released CO, are not defined.

The free farbon of the sample is oxidized to carbon dioxide by chromic sulfuric iodic acid at 140 °C. The
formed C{,4s transported with an inert carrier gas stream to a detection system of choice.

This method is applicable to free carbon contents of 0,01 % m/m to 5 % m/m. At higher concentrations,
incomplete recovery is possible.

This method also considers possible oxidation of silicon carbide which may occur if the silicon carbide
powder sample contains fine grained silicon carbide (grain size less than 10 pm).

The method also releases organic carbon and carbonate carbon as CO,.
Unless otherwise specified, solutions are aqueous.

NOTE Coulometric, conductometric or infrared absorption CO, detection systems can be used.

© IS0 2024 - All rights reserved
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6.1.1.2.2 Reagents

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

6.1.1.2.2.1 Distilled water, or water which has been fully demineralized by ion exchange (deionized water).
6.1.1.2.2.2 Drying agent, for example phosphorus pentoxide, P,0s.

6.1.1.2.2.3 Sodium dichromate, Na,Cr,0- - 2H,0.

6.1.1.2.2 g Potassium iodate, K103.

6.1.1.2.2/5 Calcium carbonate, CaCO;.

6.1.1.2.2}6 Sulfuricacid H,SO,, p = 1,84 g/ml.
6.1.1.2.27 Argon Ar, or nitrogen N,, 99,998 % pure.

6.1.1.2.2/8 Chromic sulfuric iodic acid solution, prepared by dissolving'22 g of sodium dichr(]mate (see
6.1.1.2.2.3) in 300 ml H,0, and adding 700 ml sulfuric acid (see 6.1.1.2.2.6). The solution is heated for 30 min
at (150 % [10) °C, then 10 g of potassium iodate is added (see 6.1.1.2.2:4). After cooling, the solution] is stored
in a glass pottle.

WARNING — Chromic sulfuric iodic acid should be handled with care, be aware of lodal safety
regulatigns.

6.1.1.2.3| Apparatus

Ordinary[laboratory apparatus and the followingt
6.1.1.2.3/1 Drying cupboard, with heating-and temperature control up to (110 + 5) °C.

6.1.1.2.32 Suitable crushing device, for example hard material mortar or mill with hard meffal milling
tools sucH as tungsten carbide.

6.1.1.2.33 Analytical balance, capable of measuring to the nearest 0,05 mg.
6.1.1.2.34 Aluminiumheating-block, with temperature control to (120 * 5) °C.

6.1.1.2.3.5 Aluminium capsules, for example diameter 6 mm, length 15 mm, prepared from alumjnium foil.

6.1.1.2.36“ Analytical sieve, mesh size 32 pm complying with the requirements of ISO 3310-1.

6.1.1.2.3.7 Reaction vessel, with cooling device and drying trap (see Figure 2).

6.1.1.2.4 Sample preparation

For the wet chemical oxidation of sintered material, grain sizes of less than 32 pm are required. Crushing
devices which consist of materials with high free carbon content shall not be used. Crush a piece of the
sintered body in the crushing device (see 6.1.1.2.3.2). Sieve the crushed sample through the analytical
sieve (see 6.1.1.2.3.6). Dry the test sample (sampled as described in ISO 21068-1) in the drying cupboard
(6.1.1.2.3.1) to constant mass at (110 = 5) °C for a minimum of 2 h prior to analysis.
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Procedure

reaction vessel into the heating block (see 6.1.1.2.3.4) and connect it via a cooler and drying trap

with the chosen detection system. Adjust the carrier gas flow as required by the detection system used.
Units with a sucking pump usually work with a surplus of carrier gas and pressure compensation. Optimize
the gas flow so that no air is sucked into the system.

Adjust the temperature of the heating block to (120 + 5) °C.

Pipette 30 ml of chromic sulfuric iodic acid (6.1.1.2.2.8) into the reaction vessel. To control the tightness of

the system, run a blank measurement of 5 min to 10 min after a heating time of 20 min. Weigh, depending on

the sample material and the expected content of free carbon, 20 mg to 200 mg of the drled sample (6.1.1.2.4)
1

to the ne

ith tweezers. Put the

capsule i} the sample insertion device of the reaction Vessel and drop it into the hot chromic sulfuric iodic
acid. At te same time the sample drops into the acid, switch on the measuring mode of the deteetion unit.
The measurement shall be performed until all free carbon has been detected as CO,.
NS7,5/16
N
_ @ a
-
Q)
(=]
e
" 2 NS12,5/21
a
3
1 4
GL14
~—5
b
NS24/29
) ~—6
ee)
—_— \—/
Key
1  to detectién\unit
2 cooler
3  sample insertion device
4 drying trap
5 carrier gas inlet
6  reaction vessel
a2 Inner diameter 5 mm.

o

Inner

diameter 6 mm.

Figure 2 — Example of a reaction vessel (dimensions in millimetres)
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Key
X  reacti

Y measiired carbon dioxide, represented as mass of carbon

6.1.1.2.6

In Figure
time (X-a
and t; (st4
sample hz
originatir
increase (
and used
contribut
correct fr

CDrift

Mefred
where:

CDrift

bn time for the wet-chemical oxidation of free carbon to carbon dioxide

Figure 3 — Evaluation of CO, releaSe curve

Calculation and expression of results

3 the typical development of CO, release, presented as measured mass of carbon (Y-ax
Kis), during wet-chemical oxidation is given. Fhe slight increase between ¢ (start of meas
irt of reaction of free carbon) is caused by ¥esidual CO, in the carrier gas. At t,, all free car
s reacted to CO,. The mass of carbon nieasured between t; and t,, however, also contai

f carbon mass between t, (end ofréaction of free carbon) and ¢; (end of measurement) is
to calculate the so-called mean drift rate Cp ;. Under the assumption that between ¢,
on rate of carbon originatifig from carrier gas and oxidation of silicon carbide is cor

e carbon content of the samiple is calculated using Formulae (5) and (6):
_ Mc3 —Mcp
t3-t

=(mcy —me)~Cpyige X(£2 —t7)

is the mean carbon drift-rate, in milligrams per minute;

is) versus
urement)
bon in the
hs carbon

g from carrier gas and possible oxidation of silicon carbide. To compensate this contrilpution the

measured
ind t; the
stant the

(5)

(6)

Mcq

Mcy

is the mass of carbon at start of reaction of free carbon, in milligrams;
is the mass of carbon at end of reaction of free carbon, in milligrams;
is the mass of carbon at end of measurement, in milligrams;

is the time at start of reaction of free carbon, in minutes;

is the time at end of reaction of free carbon, in minutes;

is the time at end of measurement, in minutes;
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Mceee IS the drift-rate corrected mass of free carbon, in milligrams.

The free carbon content wg¢,... of the sample shall be calculated under consideration of sample mass using
Formula (7). The free carbon content shall be expressed in mass fractions in % and rounded in accordance
with the uncertainty of measurement.

W(free =

where:

Wctre

100x Mcfree

mg

. isthe content of free carbon in the sample, in mass percent;

(7)

Mcfrep

Mg
Expresst

NOTE

0,05 mass
standard
defined in

6.1.2 Indirect methods

6.1.2.1

6.1.2.1.1

Indirect ¢
during ca

The folloy

— total
Claus|

— chang

— total

| is the drift-rate corrected mass of free carbon, in milligrams;

is the sample mass, in milligrams.

he result to the nearest 0,01 %.

To obtain precision data for this method, silicon carbide powder samples With a free carbon
percent to 0,5 mass percent were analysed in an interlaboratory study: The results for re

leviation s, repeatability limit r, reproducibility standard deviation, g and reproducibility
[SO 5725-2 [12] are given in mass percent in Table 2.

Table 2 — Precision data for the determination of free carbon

Repeatability Reproducibility
. r Sk R
0,004 0,01 0,011 0,03

S

Determination of the free carbon by-change in mass during calcination in air

Principle

letermination of the freé _carbon content by measurement of total carbon and chang
cination in air at (750 #.25) °C.

ving determinations.shall be carried out:

mass fractiom of'carbon, w,,.,, of the dried starting material by one of the methods de
e 5;

e in mrass on calcination, m, in air;

Wetotal

content of
peatability
imit R, as

b In mass

scribed in

used for

niass fraction of carbon of the residue on calcination in air, wg, by the same method

This method of indirect determination of the free carbon content takes the oxidation of silicon carbide
during the ignition at (750 % 25) °C in air into account.

If there are doubts about using this method, because the substance to be analysed contains volatile
constituents, carbonates and/or other reactive additives (Fe, Si, Al), the amounts of these constituents shall
be determined and allowed for correction of free carbon content.

This indirect method of free carbon determination is invalid when the sample contains more than 0,6 %
vanadium pentoxide, V,0s, or boric acid, H;BOs.
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Carbon not bound as silicon carbide, SiC, shall not constitute more than 5 %. If the free carbon, C;,.., content
exceeds 5 %, 6.1.2.2 shall be applied. Alkali oxides or alkali carbonates that act as fluxes interfere with the
determination.

6.1.2.1.2

6.1.2.1.2.

Determination of total carbon

1 Reagents and apparatus

Use the reagents and apparatus given in Clause 5 according to the chosen method.

6.1.2.1.3

Apparatus for calcination in air

Ordinary
6.1.2.1.3,
6.1.2.1.3.
6.1.2.1.3.
6.1.2.1.3,
6.1.2.1.4

6.1.2.1.4.

Weigh, to
a crucible
laborator

laboratory apparatus and the following.

1 Laboratory furnace, capable of being maintained at (750 £ 25) °C.

2 Agate mortar.

3 Crucibles, of unglazed ceramic material.

4 Analytical balance, capable of measuring to the nearest 0,000 1 g (0,1 mg).
Procedure

1 Determining the change in mass on calcination'in air

the nearest 0,1 mg, about 1 g of the sample prepared and dried as specified in ISO 210

y furnace for 60 min at (750 = 25) °C and\then cool in a desiccator. Weigh to the neare

Repeat thie calcination at least once for 30 min, afid weigh the cooled crucible containing the resi

to the ned

rest 0,1 mg.

68-1, into

t 0,1 mg.
ue again,

which was pre-calcined at (750 = 25) °C and cooled in a desiccator. Calcine the samEIe in the

A slight increase in mass during the secdnd’calcination is acceptable, but a decrease in mass requires the

calcinatio

Use the §
Formula

6.1.2.1.4.

After cald
reducing
accordan

6.1.2.1.4.

n to be continued until the mass is constant or increases.

ample mass determined‘after the final calcination to calculate the change in mass,

8).

2 Determining-the total carbon content of the residue on ignition

ination as described in 6.1.2.1.4.1, place the material in the agate mortar and homogeniz

e withzene of the methods described in Clause 5.

m,, using

e without

the particlg size further. Determine the total carbon content of the residue on ignition, wcg, in

3““Determining the total carbon content of the starting material

Determine the total carbon content, w¢,,, of the sample prepared and dried as specified in ISO 21068-1,

using one

of the methods described in Clause 5.

6.1.2.1.4.4 Calculation

Calculate the change in mass on calcination, m,, as a percentage by mass, to the nearest 0,01 %, using

Formula (8).

mV=

My —Mg

X100
mg
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where

m, is the change in mass on calcination at 750 °C, in mass percent;

v
m, is the mass of the residue after calcination at 750 °C, in grams;
mg is the initial sample mass, in grams.

Aloss in mass shall be written with a negative sign in Formula (9) and an increase in mass with a positive sign.

Calculate the mass fraction of free carbon, wy,..., €xpressed as a percentage, to the nearest 0,01 %, using
Formulae (9) to (11).

Wepotal “"WeR My XWer My
Wefred = oaf - 100x f - f 9
1 1 2

where
Wereb 1S the free carbon content of the sample, in mass percent;

Weiorh 1S the total carbon content (6.1.2.1.4.3), in mass percent;

WeR is the total carbon content of the residue on ignition (6.1.2.1.4.2), in mass percent;
my is the change in mass on calcination (6.1.2.1.4.4), in mass-percent.

The factofs f; and f, used in Formula (9) are calculated using:the molar masses of silicon dioqide, Mg;q,
(60,08 g/mol) silicon carbide, Mg;: (40,10 g/mol) and carbon M (12,01 g/mol) according to Formulae (10)

and (11).

Mgi07 — Mg;
1°Sio2 SiC +1

M

fi= ¢ =1,6011 (10)

Msioz —Msic
M
Mcino —Mq;

fo=43102__SIC 1126636 (11)

M
NOTE To obtain precision data forsthis method, silicon carbide powder samples with a free carbon content <5 mass

percent were analysed in an inteflgboratory study. The results for repeatability standard deviation s, repeatability
limit r, regroducibility standard-deviation, S; and reproducibility limit R, as defined in ISO 5725-2 [12] are given in
mass% in [fable 3.

Table 3 — Precision data for the determination of free carbon

Repeatability Reproducibility
S, r Sk R
0,07 0,20 0,21 059

6.1.2.2 Determination of free carbon by calculation

The determination of free carbon is carried out by calculation using the total carbon content, w¢,,, and
silicon carbon content, wg;c, of the sample. The total carbon content of the dried sample is measured by
one of the methods described in Clause 5 and the silicon carbide content of the dried sample is measured
according to 7.3 or 7.4. This method for determination of free carbon is only applicable if oxidation of silicon
carbide during measurement of the silicon carbide content of the sample can be neglected.
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6.1.2.2.1 Calculation
Calculate the mass fraction of free carbon, wy,..., expressed as a percentage using Formula (12).
Wfree =Wetotal ~Wsic X0,299 5 (12)
where
Wefree is the free carbon content of the sample, in mass percent;
Wetotal is the total carbon content of the sample determined according to Clause 5, in mass percent;
Wsic 1S the silicon carbide content of the sample determined according to /.3 or 7.4, iIn mags percent;
0,2995 s the stoichiometric factor for converting silicon carbide to carbon.

Report the result to the nearest 0,01 %.

7 Deted

7.1 General

The deten
— indir

— comb)
was 4

NOTE

7.2 Del

721 P

The carbd
content d
6.1.2.1. Si

rmination of silicon carbide content

mination of silicon carbide, SiC, is carried out by one of the following methods:
ect method (7.2),

ustion methods (7.3 and 7.4): SiC-bound carbon is determined using samples where fr
Iready removed by previous combustion methods.

Suitable certified reference materials (CRMs) for:the verification of the methods are given in An}
ermination of silicon carbide, SiC; by indirect method

rinciple

n bound in silicon carbide is determined by calculation as the difference between the tof
btermined as described irf Clause 5 and the free carbon content determined as described

be carbon

hex B.

al carbon
n 6.1.1 or

hce a possible oxidation.of silicon carbide is considered for the determination of free cafrbon, this
also applies for the determination of the silicon carbide content by this indirect method.

7.2.2 Calculation
Calculate|the mass-rdction of silicon carbide, wg;, expressed as a percentage, using Formula (13).
wsic T (Weigtal ~Wcfree )%3,3383 (13)
where
Wgic is the silicon carbide content of the sample, in mass percent;
Wetotal is the total mass fraction of carbon determined as described in Clause 5, in mass percent;
Wetree is the mass fraction of free carbon determined as described in 6.1.1 or 6.1.2.1, in mass percent;

3,3383  isastoichiometric factor used for converting carbon to silicon carbide.

Report th

e result to the nearest 0,1 %.
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7.2.3 Precision

Precision data for the determination of silicon carbide are given in A.1.4. For calculation of silicon carbide
content using Formula (13), total carbon was determined by combustion in a resistance furnace with
tin as decomposing agent and infrared absorption detection (5.2.1) and free carbon was determined by
combustion at 850 °C and infrared absorption or thermal conductivity detection (6.1.1.1).

7.3 Determination of silicon carbide, SiC, by combustion methods

SiC-bound carbon is determined by combustion of a sample already free from C¢,.. by previous combustion.
For this method, the residue in the combustion boat after determination of free carbon by combustion at
850 °C (see 6.1.1.1) is used. This method for determination of SiC is only applicable if oxidation of silicon
carbide dfiring free carbon measurement can be neglected.

7.3.1 Pfrocedure

After medsurement of the content of free carbon, wy,..., according to 6.1.1.1, weigh th@-€ombusti¢n boat to
the nearept 0,1 mg, remove the residue and homogenize it with an agate mortar. The-total carbon fontent of
the residye, wcy, is then measured using one of the methods described in Clause 5.

7.3.2 Calculation
Calculate|the mass fraction of silicon carbide, wg;, expressed as a perceritage, using Formula (14).

Wsic 3 g (14)
where

Wgic is the silicon carbide content of the sample, in mass percent;

mg is the sample mass used for Cy,..odétermination according to 6.1.1.1, in grams;

my is the mass of the residue after’C;, .. determination according to 6.1.1.1, in grams;

WeR is the total carbon content of the residue of C.., determination, in mass percent;

3,334 3 is the stoichiometrie-factor used for converting carbon to silicon carbide.

Report the result to the nearest.0,1 %.
7.4 Determination ofsilicon carbide, SiC, by combustion at 750 °C

7.4.1 Principle

The samp]le iS combusted in air at (750 * 25) °C to remove free carbon. The residue only contaihs carbon
bound in $ilicon carbide. The total carbon content of the residue is determined and the corresponding silicon
carbide content of the residue is calculated. The silicon carbide content of the sample is then calculated
considering the mass change during combustion. This method for determination of SiC is only applicable if
oxidation of silicon carbide during combustion can be neglected.

7.4.2 Residue production

Pre-treat a combustion boat (unglazed ceramic material) in a muffle furnace at (750 = 25) °C for 2 h and
record the mass m,. Weigh approximately 3 g of the sample, dried at 110 °C, to the nearest 0,001 g into the
combustion boat and record the mass m;. Place the combustion boat in the muffle furnace at 500 °C for
20 min. Increase the furnace temperature to (750 + 25) °C and ignite the sample for a further 1 h 30 min.
Take the combustion boat out of the muffle furnace and allow it to cool down to room temperature in a
desiccator. Weigh the combustion boat and record the mass m,. Replace the combustion boat in the muffle
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furnace for a further 30 min and check whether there is a further loss in mass. If so, repeat the ignition until
a constant mass m, is obtained.

If a mass increase is observed after the second ignition, do not carry out further ignition because it can

indicate p

ossible oxidation of some elements.

The sample mass mg and the mass of the residue m, is calculated using Formulae (15) and (16).

mg =my —my

mpy =my; —my

where

mg

My

my,

7.4.3 Determination of the total carbon content of the residue

Remove t
content o

744 C
Calculate
WsicR
where
WsicH
WcRr

3,334

Calculate
Formula

s the sample mass, in grams;

s the mass of the residue after combustion, in grams;

s the mass of the empty combustion boat, in grams;

s the mass of the combustion boat plus sample before combustiongin-grams;

s the mass of the combustion boat plus sample after combustion,'in grams.

he residue in the combustion boat and homogenize-it with an agate mortar. The to]

(15)

(16)

bl carbon

Wsic

where

Wsic

the residue, wey, is then measured using one of the'/methods described in Clause 5.
hlculation
the mass fraction of silicon carbide in the residue, wg;: r, in mass percent, using Formula|(17).
=wcg %3,3383 (17)
is the silicon carbide-content of the residue after combustion, in mass percent;
is the mass fragtion of carbon in 7.4.3, in mass percent.
3 s the stoichiometric factor used for converting carbon to silicon carbide.
the mass_fraction of silicon carbide of the dried sample, wg;, expressed as a percentage, using
18).
W3ic R XIMp (18)
Mg

is the silicon carbide content of the sample, in mass percent;

wgicr IS the silicon carbide content of the residue, in mass percent;

my

mg

is the mass of the residue after combustion (7.4.2), in grams;

is the mass of the sample (7.4.2), in grams.
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Report the result to the nearest 0,1 %.

8 Dete

rmination of total silicon content

The standard procedures for the determination of total silicon are described in the following documents:

— IS0 12677113];

— IS0 26845(23];

— IS0 21587-1[20], [SO 21587-2[21], 1SO 21587-3[22];

— IS0 2

Accordin
calculate

where

Wgi

Wsio2)

0,467

9 Dete

9.1 Pri

The free
boiled in
free silicd

Interferences caused by other metdls)present in the sample are removed in a pretreatment step.

9.2 Pre

When oth
with hydy

9.3 Det

079-1071,1SO 21079-2[18], 1SO 21079-319],

to these standards, silicon (Si) is determined as silica (Si0,). The total silicon €ontent, W

using Formula (19):

is the total silicon content of the sample, in mass percént;
is the silica content of the sample, in mass percent;
4  isthe stoichiometric factor for converting silicon dioxide to silicon.

rmination of free silicon content

nciple

bilicon content, wg; ¢, IS determined by a gas volumetric method. The silicon carbide
hn aqueous sodium hydroxide-solution whereby hydrogen is formed as a result of the r
n with the alkaline solution,.The volume of the evolved hydrogen is measured using a ga

treatment with hydrochloric acid

ochloric acid¢prior to the determination of free silicon in accordance with 9.3.4.

ermifation of free silicon by hydrogen evolution

s, is then

(19)

sample is
baction of
s burette.

er hydrogen forming metals such as aluminium are present in the sample, pre-treat the sample

9.3.1

agents

9.3.1.1 Hydrochloric acid, HCI, ¢c(HCI) = 5 mol/1.

9.3.1.2 Sodium hydroxide solution, c(NaOH) = 250 g/I.

9.3.1.3

9.3.1.4

Sulfuric acid, H,S0,, ¢(H,S0,) = 9 mol/l.

Methyl orange, C,,H;,N;Na03S, aqueous solution 1 g/I.
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Gas burette indicating liquid.

Add a few drops of sulfuric acid, H,S0,, (9.3.1.3) and a few drops of methyl orange solution (9.3.1.4) to

500 ml of water.

9.3.2 Apparatus

9.3.2.1 General

Connect the following equipment as shown in Figure 4. Ensure that the apparatus is airtight before the
measurement.

9.3.2.2 lectric heating mantle, 600 W.

9.3.2.3 Flat-bottomed flask, 100 ml (alternatively Erlenmeyer flask, 100 ml).

If a flat-bttomed flask (50 ml) and gas burette (50 ml) are used, use half the mass gftést portiop and half
the added sodium hydroxide solution.

9.3.2.4 [Allihn condenser, 400 mm.

9.3.2.5 [Connector tube, consisting of a glass tube with outside diamieter 8 mm, inside diamefer 1 mm,
and length 100 mm, bent around the centre part at right angles.

9.3.2.6 Hempel gas burette, 100 ml.

NOTE A water-cooling-style gas burette is preferred.

9.3.2.7 Level bottle, 500 ml, connected to the gas.burette with a rubber tube and containing gas burette
indicating liquid.

9.3.2.8 [nsulation plate, of slate or similar material, placed between the gas burette and the electric
heating nfantle.

9.3.2.9 Analytical balance, capable-of measuring to the nearest 0,000 1 g (0,1 mg).

9.3.3 Mass of test portion

The mass|of the test portion’depends on the free silicon content as shown in Table 4.

Table 4 — Mass of test portion

Free silicon content Mass of test portion
% by mass g
below 1 o,U
1to?2 2,5
2to3 1,5
3to5 1,0
above 5 0,5
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flat-bgttomed flask, 100 ml

Allihn condenser, 400 mm
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level hottle, 500 ml

spherjcal joint
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10 insulgtion‘plate

silico%xe plug with perforation

Figure 4 — Apparatus for determination of free silicon

9.3.4 Procedure

Weigh the sample to the nearest 0,1 mg and transfer to a flat-bottomed flask (9.3.2.3). Add 10 ml of
hydrochloric acid, HCl (9.3.1.1), and heat to dryness on a sand bath. After cooling, flow water into the
condenser (9.3.2.4), measure the water temperature at the outlet of the condenser and confirm the
temperature change within *1 °C after 10 min. Add 40 ml of sodium hydroxide solution, NaOH (9.3.1.2),
to the flat-bottomed flask, connect it to the bottom of the condenser, and put an electric heating mantle
(9.3.2.2) under it.
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For constant water temperature a cooling and heating circulator is recommended. Place the insulation plate
(9.3.2.8) between the electric heating mantle and the gas burette as illustrated in Figure 4 to avoid heating
of the gas burette.

Promptly balance the liquid surface of the level bottle to the zero line of gas burette (9.3.2.6) and fix the
level bottle (9.3.2.7). Connect the gas burette to the upper part of the condenser by using a connector tube
(9.3.2.5) and balance the liquid surface of the level bottle to the liquid surface of the gas burette. Read the
scale on the gas burette to the nearest 0,1 ml. Measure the temperature adjacent to the gas burette.

Heat the flat-bottomed flask and lower the level bottle until the liquid surface of the level bottle is matched
to the level shown in Figure 4 (spherical part of the gas burette). Keep the solution boiling for 90 min,
remove the electrlc heatmg mantle and d1p the flat bottomed flask Wlth condenser into cold water. When the

- - evel bottle to the
ifference to
asure the
than 3 °C.

9.3.5 Blank test

Carry out{the procedure in 9.3.4 without the sample.

9.3.6 Chalculation

Calculate| the mass fraction of free silicon, wyg;
Formula (|20).

V, =V, )x f£x0,000 627
WSifreez( 1 2) m %100 (20)

reer 1N the sample; expressed as a percentdge, using

where

Wsirde IS the free silicon content of the sample, in mass percent;

Vi is the volume of hydrogen produced in 9.3.4, in millilitres;
v, is the volume of hydrogen-produced in 9.3.5, in millilitres;

is the correction coefficient;

m is the mass of testiportion, in grams.

The corrgction coefficientis calculated using Formula (21).

__[273%x(p-p%)
f= (473+T)%101,3 (24)

f isthe correction coefficient;

T isroom temperature (or temperature of water in thermostat) in degree Celsius;
p is atmospheric pressure in kilopascals;

p' the water vapour pressure at T °C, in kilopascals.

Precision data for the determination of free silicon is given in A.1.5.
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10 Determination of free silica content

10.1 Pri

nciple

This method is used to determine silica in silicon carbide, silicon nitride and other silica containing materials
with a silica content greater than 0,03 %.

The determination of silica is based on the reaction with hydrofluoric acid to hexafluorosilicic acid
(H,SiFg), separation of H,SiFg by distillation and absorption in aqueous alkaline solution and subsequent
determination of silicon in the absorption solution by ICP-OES. This method is not influenced by other silicon
compounds, so it is possible to analyse the silica content of materials such as silicon carbide and elemental

silicon.

10.2 Red

During th
analytica

10.2.1 W

10.2.2 S¢dium hydroxide solution, c(NaOH) = 1 mol/l.

10.2.3 H

WARNIN
safety re

10.2.4 H

10.2.5 B

10.2.6 Silicon calibration stock solution, ¢(Si) = 1 g/I.

10.3 Ap]

Normal Igboratory apparatus and the following.

10.3.1 A

10.3.2 R
The cover

10.3.3 A

jgents

e analysis, unless otherwise stated, use only reagents of recognized analytical griade and
purity. Unless otherwise specified, solutions are aqueous.

ater, distilled or fully demineralized by ion exchange (deionized water).

ydrofluoric acid, concentrated, p = 1,13 g/ml, ¢(HF) 40 %/ymass = 22,6 mol/l.

i — Concentrated hydrofluoric acid should be handled with special care, be awar
pulations.

ydrofluoric acid, diluted, c(HF) = 1 mol/I.

pric acid, H;BO;.

paratus

halytical balance; cdpable of measuring to the nearest 0,05 mg.

baction vesSel; such as a glassy carbon crucible with cover, or PTFE/PFA vessel with a
or screwedp shall have a gas outlet in the centre and a small hole located off-centre (see

bsotption flask, polyethylene, 100 ml volumetric flask.

of known

e of local

crew cap.
Figure 5).

10.3.4 Heating-block, with thermocouple and temperature control from 50 °C to 150 °C.

10.3.5 Si

licone-tubing, with stopcock.

10.3.6 PTFE-tubing and PTFE-stopper.

10.3.7 Electric suction-pump.

10.3.8 ICP-OES-spectrometer.
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10.4 Sample preparation

Dry the test sample (sampled as described in ISO 21068-1) to constant mass at (110 + 10) °C for a minimum
of 2 h prior to analysis.

10.5 Procedure

Condition the absorption flask (10.3.3) overnight by filling the flasks with diluted HF solution (10.2.4).
Depending on the expected SiO, concentration, weigh from 20 mg to 2 g, to the nearest 0,1 mg into the
reaction vessel (10.3.2). Empty the absorption flask, rinse with water (10.2.1) and fill the absorption flask
with 50 ml NaOH solution (10.2.2) and assemble the apparatus as shown in Figure 5.

7 O

O
w

PTFE [tube

PTFE topper

silicofpe tubing with stopcock to suctien pump
thernjocouple

reactipn vessel

absorption flask with absoerption solution

N O U W

heatinjg block with temperature control

Figure 5 — Apparatus for determination of free silica

Switch on the suction-pump (10.3.7) and carefully open the stopcock (10.3.5) to provide an air strgam in the

3 £] 1 pu | H L 210 L1111 L Tal 2l o 1 £l £ 1 1 3
abSOI‘ptl rTrasSKproautiitganottt o Do oresS/STakecaretirat e tover-or e reactioir vesserroses tlghtly

and control the tightness of the whole system.

NOTE A stream of air can enter the reaction vessel through the small hole in the cover of the glassy carbon
crucible (or the screw cap of the PTFE/PFA vessel).

Adjust the temperature of the heating-block (10.3.4) to (50 * 5) °C and pipette 2 ml of concentrated
hydrofluoric acid (10.2.3) through the hole in the cover of the glassy carbon crucible (or the screw cap of the
PTFE or PFA vessel).

Increase the temperature to (100 * 5) °C within 15 min and maintain that temperature for 45 min. The
hydrofluoric acid in the reaction vessel was then distilled to the absorption flask. To ensure the reaction is
complete, heat the reaction vessel to (150 * 5) °C and switch off the heater 5 min after that temperature is
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attained. Allow the reaction vessel to cool to ambient temperature, remove the cover and rinse the inside of
the PTFE tube with water into the absorption flask. Close the stopcock, switch off the pump and remove the
PTFE tube from the absorption flask while rinsing the tube with water.

Finally, add 1 g of H3BO5 (10.2.5) to the solution in the absorption flask, dilute to volume with water and mix
it thoroughly.

For the silicon measurement prepare a blank solution by adding 50 ml NaOH solution, 2 ml concentrated HF,
and 1 g H;BO5 into a 100 ml polyethylene volumetric flask, dilute to volume with water and mix thoroughly.

Prepare a calibration solution by adding 50 ml NaOH solution, 2 ml concentrated HF and 1 g H;BO; into
a 100 ml polyethylene volumetric flask. Depending on the expected silicon concentration of the sample
solution in the absorption flask, pipette an appropriate volume of the silicon calibration stock solution

(10.2.6) inpto the volumetric flask. Dilute to volume with water and mix thoroughly. The silicon conc

3

of the calibration solution should be higher than the silicon concentration of the sample solutij
solution and calibration solution are used to establish a 2-point calibration of the ICP-OES.

10.5.1 Determination

Determin
instructid

10.5.2 C

Calculate

Wsio2
where

Wsio2
Cs;

1

V
mg

f

Express t

NOTE

percent w
limit r, rep
mass perc

ns.

hlculation and expression of SiO, content
the SiO, content, wg;(,, as a percentage by mass using Forfmula (22):

Csi XV X f
10xmg

is the silica content of the sample, in mass percent;

is the silicon concentration in thesample solution, in milligrams per liter;

is the volume of the absorptionflask, in millilitres;

is the mass of the sample)yin milligrams;

is the stoichiometnicyfactor for converting Si to SiO, = 2,139 3.

he result to the nearest 0,01 %.

To obtain précision data for this method, a silicon carbide powder sample with a SiO, content ¢
hs analysed in an interlaboratory study. The results for repeatability standard deviation s,, re

roducibility standard deviation, Sy and reproducibility limit R, as defined in ISO 5725-2 [12] a
ent inTable 5.

entration
on. Blank

e the silicon concentration of the sample solution by ICP-OES following the manuffacturer’s

(22)

f 0,5 mass
beatability
e given in

Fable-5—Precision-datafor-the-det et £ oy

Repeatability Reproducibility
Sy r Sk R
0,007 0,02 0,018 0,05

11 Determination of surface silica content

If required, determine the surface silica content as described in ISO 9286:2021, 4.5.
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12 Expression of results

The test results shall be expressed in accordance with ISO 21068-1.

13 Test report

The test report shall be presented in accordance with ISO 21068-1.
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Annex A
(informative)

Precision data

A.1 Precision data obtained for the analysis of refractories containing carbon and/or
silicon carbide

NOTE For evaluation of precision data an interlaboratory study was carried out. Based on the résults of the
participating laboratories precision data was calculated according to 1SO 5725-2 [12],

A.1.1 Samples

a) RO001f ACS, Alumina-carbon-silicon carbide brick
b) RO002} MC, Magnesia-carbon brick

¢) RO003j SC, Silicon carbide brick

d) RO0O04f ACS, Alumina-carbon-silicon carbide brick
e) RO006f ACS, Alumina-carbon-silicon carbide brick
f)  RO07| AC, Alumina-silicon carbide brick

g) RO008f TC, Taphole clay

h) R009; SC, Silicon carbide raw material

i) RO010| AC, Alumina carbon brick

A.1.2 Precision data for the determination of total carbon content

The interlaboratory study was carpied out on eight materials. The results are given in Tables A.1 ahd A.2.

NOTE Total carbon was determined by combustion in a resistance furnace with tin as decomposing|agent and
infrared absorption detection (5.2-1).
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Table A.1 — Precision data for total carbon

Sample p; n; m Sy r '8 SR R Vi
R001 ACS 9 18 12,64 0,06 0,15 0,44 0,18 0,51 1,44
R002 MC 9 18 15,55 0,13 0,36 0,82 0,26 0,74 1,70
R0O03 SC 8 16 19,46 0,06 0,18 0,33 0,14 0,41 0,74
R004 ACS 9 18 37,34 0,07 0,20 0,19 0,33 0,94 0,90
R006 ACS 9 18 9,88 0,04 0,12 0,42 0,19 0,54 1,97
R007 AC 9 18 4,90 0,02 0,06 0,45 0,20 0,55 4,03
R008 TC 9 18 53,76 0,27 0,76 0,50 0,29 0,81 0,54
R009 SC S 18 29,92 6;09 6,26 6,3t 6;35 6,98 1,17
Key
p; Numbef of participating laboratories
n; Numbef of accepted single values of all laboratories
m Mean vplue, in percentage by mass
s. Repeathbility standard deviation, in percentage by mass
r Repeatapility limit: r = 2,8 x s, in percentage by mass
v, Variatipn coefficient of the repeatability standard deviation, in percentage relative
Sgp  Reproducibility standard deviation, in percentage by mass
R Reprodfcibility limit: R = 2,8 x S, in percentage by mass
Vi Variatjon coefficient of the reproducibility standard deviation, in percentage relative
Table A.2 — Single values for total carbon, percentage by mass
R0O01 R002 R0O03 R004 R0O06 R007 R008 R009
Laborafory
ACS MC SC ACS ACS AC TC SC
ny 12,78 15,65 — 37,17 10,07 4,88 53,51 30,82
b n, 12,81 15,88 — 37,32 10,12 4,87 53,52 30,70
L ny 12,68 15,57 19,25 37,29 9,76 4,79 53,90 29,80
z n, 12,61 15,81 19,19 37,29 9,79 4,82 53,55 29,65
L ny 12,48 15,72 19,41 37,11 9,71 4,71 53,56 29,73
3 n, 12,40 15,82 19,57 36,98 9,70 4,75 53,19 29,68
ny 12,49 15,06 19,40 37,02 9,71 4,80 54,22 30,14
L n, 12,48 15,26 19,29 37,08 9,69 4,85 53,55 30,05
L ny 12469 15,77 19,51 37,37 9,84 5,07 53,98 29,78
5 n, 12,76 15,54 19,60 37,44 9,93 5,08 54,15 29,82
ny, 12,91 15,21 19,64 38,10 10,26 5,35 53,99 29,45
L s, 13,06 15,04 19,59 38,13 10,30 5,33 53,59 29,75
Ay 12,69 15,63 1949 37,07 987 4.82 54,15 29,84
L n, 12,57 15,64 19,42 37,27 9,74 4,79 53,68 29,92
L ny 12,45 15,57 19,35 37,24 9,78 4,71 53,70 29,84
8 n, 12,48 15,35 19,41 37,21 9,74 4,74 54,15 29,79
ny 12,54 15,67 19,57 37,53 9,86 4,93 53,67 29,90
Ly n, 12,55 15,72 19,64 37,58 9,84 4,94 53,70 29,96
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