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reword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
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F[governmentat, In_liaison with 150, also take part In the Work. SO collaborates close
national Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

main task of technical committees is to prepare International Standards. DrafiInternationa
rnational Standard requires approval by at least 75 % of the member bodies casting a vote.

ntion is drawn to the possibility that some of the elements of this document may be the subje
s. ISO shall not be held responsible for identifying any or all such patent rights.

21068-2 was prepared by Technical Committee ISO/TC 33, Refractories.

21068 consists of the following parts, under the general titte Chemical analysis of silid
aining raw materials and refractory products:

Part 1: General information and sample preparation

Part 2: Determination of loss on ignition, total' carbon, free carbon and silicon carbide, total an
and total and free silicon

Part 3: Determination of nitrogen, ©xygen and metallic and oxidic constituents
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Introduction

ISO 21068, Parts 1 to 3, have been developed from the combination of a Japanese standard JIS 2011 [6] and
work items originally developed within CEN. Because there is a wide variety of laboratory equipment in use,

the most com

This part ol‘FS'O?TOFB_V_EI_l_ﬂ'n_V_r_H_I_lﬁ_I_I_?_d_rSO‘FOUBTﬁ'ls applicable to the analysis of all refractory products classiied in
(shaped) and 1SO 1927 [l (unshaped) and raw materials containing carbon and/or silicon carbide. Thefef
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monly used methods are described.

ISO 21068 covers the full range of analysis from pure silicon carbide to oxidic, réfrag
with a low content of silicon carbide and/or nitrides. Primarily, this part of 1ISO 21068 prov
distinguish between different carbon-bound types like total carbon (C,;) and free.carbon (G
from these two the silicon carbide content.

ne mass changes gravimetrically. Frequently, the resulting residue is used for other determinat

ination of other groups of analytes described in this part of ISO 21068 are free metals, free sil
aluminum (Alg..), free magnesium (Mg, ), free iron (Fego) and the group of oxides from ma
bnents.

ISO 21068 also describes the chemical analysis of SiQg;jtotal Si, oxygen and nitrogen and o
d metals which typically occur in the materials.

ISO 21068 represents a listing of analytical methods which is approximately structured accor
composition. However, it is still the user who should prove the applicability of the met
bn the material and analytical requirements.
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Scope
part of ISO 21068 specifies analytical techniques for the determination of change in mass

on, silicon carbide, silicon, total silica and free silica content @i silicon-carbide-containing ra
refractory products.

Normative references

following referenced documents are indispensable for the application of this document,
rences, only the edition cited applies. ForUndated references, the latest edition of the
ment (including any amendments) applies:

5725-2, Accuracy (trueness and precision) of measurement methods and results — Part 2: B
he determination of repeatability and,reproducibility of a standard measurement method

9286:1997, Abrasive grains and crude — Chemical analysis of silicon carbide
10060, Dense, shaped.refractory products — Test methods for products containing carbon

21068-1:2008, Chemical analysis of silicon-carbide-containing raw materials and refractory
1: General information and sample preparation

12698-1:2007; Chemical analysis of nitride bonded silicon carbide refractories — Part 1
hods

n and
on

by thermal
bntent, free
w materials

For dated
referenced

hsic method

products —

: Chemical

3

For

T | definiti

the purposes of this document, the terms and definitions given in ISO 21068-1 apply.
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4 Determination of change in mass

4.1 General

The determination of change in mass is defined as a loss or increase in mass caused by heat treatment.
Several methods are distinguished based on the sample material, temperature and atmosphere. The
determination of change in mass is carried out by a gravimetric method. Heat treatments in air will lead to a
loss of volatile matter and carbon and an increase of mass due to oxidation, whereas a heat treatment in
argon will only lead to a loss of volatile matter.

Normally, the—residue—is—tsed - ore; dered the
calculation [of the analytical result. The analytical method which is applied to the residue depends.@n| the
matrix and the parameters to be determined. It is up to the user to select the appropriate analytical niethod.

Table 1 givies an overview of methods of determination of change in mass by heat pretreatments and their
different applications.

Table 1 — Methods and application purpose of determination of change’in mass

Short title of method Temperature |Subclause Application

Attached water and“chemically combined water |are

Loss on drying (LOD,5) 250°C 42 removed, e.g. inrelay containing plastic formulations
Loss on calgination in argon 750 °C 43 All volatile .compounds out of pitch- or resin-bonded
(LOl,,) ‘ formulations-are removed
200 °C 4.4 Volatile’ycompounds are removed from resin-bonded
’ formulations
Change in mass in air
400 °C 4.4 Volatile compounds are removed from pitch-bonded
’ formulations
Change in mass (LOl,5,) 750 °C 45 Both procedures are suitable to remove carbon (e.g.
graphite) from refractory formulations. If fine-grained
Loss on ignifion (LOlggp) 850 °C 4.6 SiC is present, care should be taken because SiC may

be oxidised as well.

Loss or gain of mass; attached water, chemigally
Loss on ignifion (LOI, 45) 1050rC 4.7 combined water, carbon, organic compounds (e.g.
pitch, resin), silicon carbide, and metals are removeld

4.2 Determination of the loss on drying at 250 °C (LOD,5,) gravimetric method

4.21 Principle

The test saplé.is heated at 250 °C + 10 °C and the loss of mass from attached water is determined.

4.2.2 Apparatus

4221 Heat-resistant container, for example with dimensions 200 mm x 150 mm x 30 mm and made
from stainless steel.

4.2.3 Procedure

Heat the heat-resistant container at 250 °C + 10 °C for 30 min. Cool in a desiccator, weigh and record its
empty mass , mg, to the nearest 0,01 g.

Transfer the sample into the container and spread it out flat. Then weigh and record the mass, m,, of the
container and sample to the nearest 0,01 g.

2 © 1SO 2008 — All rights reserved
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Place the container without a lid in an air bath and heat it at 250 °C + 10 °C for 16 h. Allow to cool in a
desiccator. Weigh and record the mass, m,, of the container plus the dried sample to the nearest 0,01 g.

4.2.4 Calculation

Calculate the loss on drying at 250 °C, LOD,5, as a percentage by mass, using Equation (1).

LOD g0 = "2 5100 (1)

mq—mg

whare
mgq is the mass of the empty container, in grams;
m4 is the mass of the container plus the sample before drying, in grams;

my is the mass of the container plus the sample after drying, in grams.
4.3| Determination of the loss on calcination in argon (LOl,,)

431 Principle

Prefreatment under argon at 750 °C to remove volatile matter. The'loss of volatile matter is detefmined by a
grayimetric method.

Thefresidue (Ry,) is normally used for determination of Cy§¢4, SiC and Cy,., (therefore these paramgters will be
addjtionally indexed with ,,), and the change in mass has to be considered for the calculation of th¢ result.

4.3.2 Apparatus

Ordjnary laboratory apparatus and the following.

4.3.pA1 U-tube, with ground stoppers and filled with magnesium perchlorate.
43.p.2 Resistance furnace; ‘heatable and adjustable at (750 £ 25) °C, in the centre of the heating zone.
4.3..3 Thermocouple\with display, registering up to 1 200 °C.

4.3.2.4 CeramicCtube, with cones or other gastight connector, with an inner diameter > 1§ mm, made
fronp porcelain, sillimanite, quartz or other suitable material.

4.3.2.5 Open combustion boats, of unglazed ceramic material, the length of which is addpted to the
ovef's zone~of constant temperature. The boats shall be broad enough to accommodate thel amount of
sanjpledequired for the determination.

4.3.26 —  Gas flowmeter, withramupper scafe reading of around 20t

The argon-conducting parts, such as tubes and connections, should be made of material proofed against
oxygen diffusion. Preferable materials are glass and copper. Silicone is unsuitable.

4.3.2.7 Test assembly

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

© 1SO 2008 — All rights reserved 3
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8 9 10

1 valve fof pressure control
2 cold zope B

3 cold zope A
4

ceramig

argon cylinder 9  combustion boat
glass wool 10 gas flowmeter
magnesium perchlorate

© N O O

tube resistance furnace

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

4.3.3 Reagents

4.3.31
4.3.4 Pro

4341 (

To check a
content sha

The differer
be taken inf

4342 [
Carry out a

Before use,

Argon, 99,997 %.
cedure

Lheck of test assembly, blank value determination

newly set up test assembly or to carry outroutine checks, a few samples of known volatile-m
Il be calcined as described in 4.3.4.2 before examining the analytical sample.

ce between the result found in accordance with 4.3.4.2 and the known volatile-matter content g
0 account as the blank value.

Determination
least two determinations.

flush the apparatus for at least 15 min with argon.

Weigh the ¢mpty combustion boat that has previously been heated at (750 + 25) °C and record the mass

Weigh 2 g ¢

Place the ¢

f the sample to the nearest 0,001 g into the combustion boat and record the mass m;.

bmbustion boat and sample in cold zone A of the apparatus at < 200 °C. Pass argon through

htter

hall

mo.

it at

a rate that

nsures Tive changes of gas In the tube within TS5 min.

Place the sample in the centre of the heating zone and calcine for 20 min at (750 *+ 25) °C, without interruption
of the argon stream.

Move the combustion boat into cold zone B and cool in the argon stream at < 200 °C.

NOTE A period of 20 min is usually required to cool the sample.

Allow the boat to cool to room temperature in a desiccator, weigh to the nearest 0,001 g and record the final

mass, m.

© 1SO 2008 — All rights reserved
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Repeat the calcination in the argon stream at (750 + 25) °C until constant mass is obtained, i.e. when two
measurements taken at an interval of 30 min do not differ by more than 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.

4.3.5 Calculation

Calculate the loss on calcination in argon at 750 °C, LOI,,, as a percentage by mass, using Equation (2).

[OT,, = 225700 2)

mq —mg

where

mgq is the mass of the empty combustion boat, in grams;

m4 is the mass of the combustion boat plus sample before ignition, in grams;
my is the mass of the combustion boat plus sample after ignition, in grams.

NOTE The decrease in mass is denoted by a minus sign.

4.4| Determination of the change in mass by heat pretreatment in air

For|resin- and pitch-bonded materials, a sample pretreatment shall be performed in accondance with
ISO[ 10060, or the following procedure shall be followed:

Usually before crushing and grinding, subject a sample of approximately 1 kg to heat treatment as follows:
a) |resin-bonded materials: 200 °C for 18.h in-air;
b) |pitch-bonded materials: 400 °C for 18 h in air.
Calgulate the change in mass at.200 °C/400 °C, D, as a percentage by mass, using Equation (3).

~"™M~"2 100 (3)
mq —mq

D

whgre
mg is thie mass of the empty container, in grams;

my\i8 the mass of the container plus sample before heat pretreatment, in grams;

my is the mass of the container plus sample after ignition, in grams.
Report the result to the nearest 0,1 %.

When the nature of free carbon is not known, first carry out thermogravimetric analysis to determine the
temperature of the heat treatment.

© 1SO 2008 — All rights reserved 5
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4.5 Dete

4.51

rmination of the change in mass at 750 °C (LOlI,5,)

Principle

Determination of the change in mass as a function of time by ignition at 750 °C in an electric muffle furnace.

The loss or

increase of mass is determined by a gravimetric method.

4.5.2 Apparatus

4521

Muffle furnace, with a temperature control from 100 °C to 1 000 °C.

4.5.2.2

4523

4.5.3 Pro

Fused silica dish, porcelain, or platinum, approximately 60 mm long and 35 mm wide.

Balance, capable of weighing to 0,1 mg.

cedure

Weigh the ¢mpty dish that has previously been heated at (750 + 25) °C and record the mass my. Weigh 2

3,5g of the
Place the d

Increase th
has reache

Take the di

Weigh the ¢

sample, dried at 110 °C, to the nearest 0,001 g into the combustion boat'and record the mass
sh and the sample in the muffle furnace at 500 °C for 20 min.

b furnace temperature to 750 °C and ignite the sample for ayfurther 1 h 30 min when the furn
i the test temperature.

5h out of the furnace and allow it to cool down to roomcemperature in a desiccator.

ish and sample. Record the mass m,.

Replace th¢ dish and sample in the furnace for a further'30 min and check whether there is a further los

mass. If so,

NOTE I
indicate poss

4.5.4 Calc

Calculate th

repeat the whole procedure.

f a mass increase is observed after(the second ignition, do not carry out further ignition because it
ible oxidation of some elements.

tulation
e loss on ignition at #50/°C, LOIl,5,, as a percentage by mass, using Equation (4).

wxmo

mq—mg

he-mass of the empty dish, in grams;

5 to

ace

s in

can

(4)

LOl75¢f =
where
mo iS
mq
my
NOTE
6

is the mass of the dish plus sample before ignition, in grams;
is the mass of the dish plus sample after ignition, in grams.

The result obtained in this way cannot be considered as the free carbon content.

© 1SO 2008 — All rights reserved
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4.6 Determination of loss on ignition at 850 °C (LOlgs,)
4.6.1 Apparatus
46.1.1 Platinum dish, platinum or porcelain (e.g. Type B 20 ml).

4.6.2 Procedure

Heat the platinum dish at 850 °C + 25 °C for 15 min, cool it in a desiccator, and then weigh the platinum dish.
Record the mass of the empty dish m,.

Weigh 5,0 g of a sample, to the nearest 0,1 g, into the platinum dish and spread it widely and\thinly. Record
the mass of the dish plus sample m,.

Put| the platinum dish without a cover into an electric furnace and raise the temiperature |from room
temperature to 850 °C + 25 °C, and keep heating for 3 h. Put the lid on the platinum.dish, cool in g desiccator,
weiIh it and record the mass m,.

In the case of fusion of the sample containing silicon carbide, silicon nitride~and metal silicon, sgveral hours
sholpld be spent on a rise of temperature to the 700 °C to 850 °C region. There is a risk of eroding a platinum
dish with a rapid rise of temperature to above 850 °C.

4.6.3 Calculation
Calgulate the loss on ignition at 850 °C + 25 °C, R, expresséed-as a percentage by mass using Equation (5).

R="M""2 100 (5)

mq—mg

where

mgq is the mass of the empty dish;-in'grams;

m4 is the mass of the dish plus sample before ignition, in grams;
my is the mass of the dish plus sample after ignition, in grams.
Transfer the residue, after measurement, to an agate mortar, grind and mix lightly to be hompgeneously,

trangfer to a flat weighing bottle (50 mm x 30 mm), and keep in a desiccator. Use it for determination of each
conlponent.

4.7| Determination of loss on ignition at 1 050 °C (LOI, 45)

4.7.1 C-Principle

A sample is heated at 1 050 °C + 25 °C and loss or gain of mass from loss of attached water, water of
crystallization, carbon, organic compounds, silicon carbide, and metals is determined by a gravimetric method.

4.7.2 Apparatus
4.7.21 Crucible, platinum or porcelain (e.g. Type B 20 ml).

4.7.3 Procedure

Heat the crucible to 1 050 °C 25 °C for a specified time, cool in a desiccator and weigh the empty platinum
or porcelain crucible and record the mass m,.

© 1SO 2008 — All rights reserved 7
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A platinum crucible should be heated for about 15 min and a porcelain crucible should be heated for about
60 min.

Weigh 1,0 g of the dry sample into the platinum or porcelain crucible to the nearest 0,1 mg, spread thinly and
weigh the mass of the crucible and sample and record the mass m,.

Place the crucible without a lid in an electric muffle furnace and slowly raise the temperature to

1 050 °C + 25 °C. Maintain this temperature for about 60 min and allow to cool with a lid. Weigh the crucible
plus the ignited sample and record the mass m,.

4.7.4 Calculation

Calculate the loss on ignition, LOI, 5, as a percentage by mass, using Equation (6).

mq—my %

LOly odg = 100 (6)

mq—mg
where:
mgq is fhe mass of the empty crucible, in grams;
m4 is [he mass of the crucible plus sample before ignition, in grams;
my is [he mass of the crucible plus sample after ignition, in grams.

If a gain onlignition is observed, a minus sign should be added in front of the numerical value.

5 Determination of the total carbon content

NOTE $uitable certified reference materials (CRMs),for the calibration of a carbon analyser are given in Annex A

5.1 Geng¢ral
The total cqrbon content, wgyaig, €an bg-determined using the following methods:
— combugtion with oxygen, using-either

— a fesistance furnacé-(RF), with lead borate fusion or tin powder as accelerator/decomposition agent,
or

— anlinduction, furnace (IF), with metal fusion as accelerator;

— detectipn methods using

— coulometry,

— gravimetry,

— conductometry,

— infrared absorption,
— thermal conductivity.

Usual combinations of available equipment are shown in Table 2.

8 © 1SO 2008 — All rights reserved
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Table 2 — Usual combinations of equipment for carbon determination

Equipment Coulometry | Conductivity | Gravimetry | IR absorption | Thermal conductivity
Resistance furnace + + + +
Induction furnace + + +

The procedures for the determination of total carbon are therefore structured as combustion techniques,
detection techniques and detection methods constituting the laboratory procedure.

5.2 Combustion techniques

5.2.1 General

Twaq different combustion techniques with different decomposing agents/acceleratorsiCan be used.
5.2.2 Resistance furnace in oxygen and lead borate as decomposing agent

521 Principle

Thel sample is heated together with lead borate in a stream of oxygen in a resistance tube furnace to convert
the [carbon to carbon dioxide by combustion. The sample mass\and the details of the combustion depend on
the |method of determination used. The combustion gases- are conducted through a tube| containing
per¢arbamide to absorb the oxidation products of the sulfur"Contained in the sample. The carbon dioxide is
absprbed in an alkaline medium and determined eithercoulometrically, gravimetrically, conductometrically or
by infrared absorption.

5.2p.2 Reagents
Usg only reagents of analytical grade.
5.2.21 Oxygen, 99,99 % or 99,5'%.

NOTE Oxygen 99,99 % is used.if the instrument does not have an oxygen-refining capability. Oxygen 99,5 % is used
if thg instrument has oxygen-refining-ability.

5.2p.22 Lead borate;-2 PbO-B,O5, prepared by melting 45 g of analytical grade lead gxide, PbO,

toggther with 7 g of analytical grade boron trioxide, B,O5, for 10 min at (950 °C + 25) °C, cooling|the melt by
pouring it onto a clean-aluminium plate and then pulverizing it.

5.2..3 Apparatus

Ordjnary faboratory apparatus and the following.

5.2.2341 Resistance furnace with ceramic tube capable of being used up to 1 200 °C_The flirnace shall
be capable of being maintained at a temperature of (1 050 £ 25) °C in the centre of the heating zone. The
furnace shall be fitted with a thermocouple connected to a device permitting measurement of the furnace
temperature.

Allowance should be made for the fact that, frequently, the temperature indicated on the built-in temperature
control display of the furnace deviates from the actual temperature in the ceramic tube. It should be adjusted
using an external thermocouple device, measuring the temperature of the heating zone inside the tube.

5.2.2.3.2 Open combustion boats of unglazed ceramic material, the length of which is adapted to 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 stored
in a desiccator after cooling.

© 1SO 2008 — All rights reserved 9
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5.2.2.4  Setting up of test assembly

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

5.2.2.5 Procedure for RF combustion with lead borate

Weigh the required sample mass into the combustion boat and cover it with 1,5 g of lead borate, 2 PbB,O,.
Preheat the furnace to a temperature of (1 050 + 25) °C and place the boat in the centre of the heating zone.

Adjust the oxygen flow rate so as to prevent the risk of air being sucked in from the outside.

For the total carbon in the case of coulometric and conductometric methods, the volume of the combugtion
gas shall generally be reduced to one-tenth.

NOTE Combustion is usually complete after 5 min.
The carbon|dioxide gas formed is supplied by carrier gas to the detection unit.

Carry out the determination of the carbon dioxide formed, as described in 5.3.
5.2.3 Resjstance furnace in oxygen and tin powder as decomposing agent

5.2.31 Rrinciple

The samplg is burned with accelerator in an oxygen atmosphere inside a resistance heating furnace and the
yielded carfpon dioxide (and carbon monoxide) is transferred in the,detection unit selected by the user.

5.2.3.2 Reagents
Use only repgents of analytical grade.
5.2.3.2.1 | Oxygen, 99,99 % or 99,5 %.

NOTE Oxygen 99,99 % is used if the instrument does not have oxygen-refining capability. Oxygen 99,5 % is used if
the instrument has oxygen-refining ability.

5.2.3.2.2 | Accelerator, tin powder,.with a grain size < 100 ym and with a low blank value.
5.23.3 Apparatus

5.2.3.3.1 | Combustion{boat, porcelain, outer diameter (OD) = 12 mm, inner diameter (ID) =9 mm, 60{mm
long, annegdled over 1050 °C.

5.2.3.3.2 | Combustion tube, porcelain, e.g. OD =25 mm, ID = 20 mm, 600 mm long.

5-2-3-3-3 Ful nacy, Uf a udl Il.)l.}l I ull::tb'l III;I IdtiUl I'appdal atua. it ;D CUII |puacd Uf U)\ygcl I Icfil Iil Iy, odll Ipib‘ Il.)l.ll I ing,
combustion-gas refining and carbon-content determining parts.

5.2.3.3.4 Oxygen-refining assembly, composed of an oxidizing tube with electric furnace [copper(ll) oxide,
CuO, or platinum-silica-wool], a carbon-dioxide-absorbing tube (soda lime) and a dehydration tube
[magnesium perchlorate, Mg(CIO,),, (for dryness)].

NOTE The oxygen-refining assembly is optional.

5.2.3.3.5 Sample-burning assembly, composed of a tubular electric furnace and porcelain combustion

tube. The tubular electric furnace shall be capable of maintaining (1 350 + 25) °C at the centre of the
combustion tube.

10 © 1SO 2008 — All rights reserved
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3.3.6

Combustion-gas-refining assembly, composed of a dust chamber filled with glass wool, a

desulfurization tube [manganese(IV) oxide, MnO,], with electric furnace, copper(ll) oxide, CuO, oxidizing tube

and

a dehydration tube [magnesium perchlorate, Mg(ClO,),].

NOTE The desulfurization tube and oxidizing tube are optional.

Allowance should be made for the fact that, frequently, the temperature indicated on the built-in temperature
control display of the furnace deviates from the actual temperature in the ceramic tube. It should be adjusted
using an external thermocouple device, measuring the temperature of the heating zone inside the tube.

5.2,

Set

5.2.

Turl

for the carbon determination apparatus to stabilize. Start oxygen flow at the specified pressure

and

NOTE The detailed procedures, for example the test of air tightness, are carried out in accorda
instruction manual attached to the apparatus.

Megsure and spread the sample uniformly on a combustion boat. Cover it with 2 g of accelerator

acc
san

Opgn the valve at the entrance of the combustion tube and put the combustion boat with the

acc

The| carbon dioxide gas formed is supplied by carrier gas to the detection unit.

Car

5.2.4 Induction furnace (IF) in 6xygen and metallic powder as decomposing agent

5.2.4.1 Principle

Thel sample is heated\together with a base metal additive in a stream of oxygen using a hig
indyction furnace. The_¢arbon dioxide released is transferred by carrier gas to the detection unit.

5.2,

5.2,

5.2,

5.2,

5.2,

NOTE

3.4  Setting up of test assembly

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

3.5 Procedure of RF combustion with tin powder
h on the power source of the apparatus, raise the combustion tube temperature.fo 1 350 + 25

check air-tightness.

blerator into the sample and spread uniformly, or put theisample between 1 g each of accelg
Hwich, and spread.

blerator in the centre of the combustion tube. Immeédiately, close the valve tightly and start oxyg

'y out the determination of the carbon.dioxide formed, as described in 5.3.

B2 Reagents

#.2.1 >~Granulated iron accelerator, e.g. as supplied by the supplier of the furnace.

C, and wait
and amount

hce with the

, mix 2 g of
rator, like a

sample and
en flow.

h-frequency

155 . ! I ! ied | ier of the §
4.2.3 Granulated copper accelerator, e.g. as supplied by the supplier of the furnace.

4.2.4 Oxygen, 99,99 % or 99,5 %.

if the instrument has oxygen-refining ability.

© 1SO 2008 — All rights reserved
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5.2.4.3 Apparatus

5.2.4.3.1 Combustion crucibles, of ceramic material with covers and holders. In principle, use the high-
frequency combustion crucible and the high-frequency combustion crucible holder as recommended by the
apparatus provider.

Use only accelerators with low blank test values.

The empty combustion crucibles should be burned out over 1 000 °C without sample. Combustion crucibles of
ceramic material with covers can be supplied by the manufacturer of the furnace.

5.2.4.3.2 |High-frequency induction furnace, composed of oxygen-refining, sample-burning, and
combustiontgas-refining assembilies.

5.2.4.3.3 |Oxygen-refining assembly (see 5.2.3.3.4).
5.2.4.3.4 |Sample-burning assembly, composed of high-frequency heating furnace and high-frequgncy
oscillator. Tihe high-frequency heating furnace has a copper coil for heating and quartz.cembustion tube.|Put
the high-freguency combustion crucible on the holder and keep it at the centre of the-coil’'using the suppofting
bar.

5.2.4.3.5 |Combustion-gas-refining assembly (see 5.2.3.3.6).

5.24.4  Set-up of test assembly

Set up the fest assembly in accordance with the manufacturer's instfuctions.

5.2.4.5 Rrocedure of induction furnace (IF) combustion

Turn on pqwer source of apparatus, adjust each partito stabilize. When each part stabilizes, checl for
air-tightness.

Transfer th¢ sample to the combustion cruciblesand add to it 1 g of copper, Cu, and 1 g of iron, Fe, or 1|g of
copper andI1 g of tungsten, W, or 1 g of iron~and 2 g of tungsten as accelerator. Then the ceramic cover is
placed on the crucible. The crucible is placedin the furnace.

This is unit|dependent. Put the crucible on its holder and hold it by using a supporting bar at the specjfied
place.

Then, flow pxygen at a specified pressure and amount. Operate the high-frequency heating furnace for the
specified time. The combustion gas is transferred in the detection unit at the user’s own option.

Modern IF [combustion*units available on the market work automatically. Operate in accordance with| the
operating irfstructions.

5.3 Detection techniques

5.3.1 Coulometry

The carbon present in the sample is ignited in a stream of oxygen in a furnace to produce carbon dioxide.
Together with the oxygen, the combustion gases are drawn off by a pump through a tube containing
percarbamide, which absorbs the oxidation products of the sulfur contained in the sample. The carbon dioxide
is transferred to a titration cell filled with alkaline barium perchlorate, Mg(ClO,),, solution, where it is absorbed,
with a consequent reduction in the alkalinity of the solution. Automatic back titration to the initial pH value of
the solution is carried out using electrolytically generated barium hydroxide. According to Faraday's law, the
amount of electricity consumed is deemed to be a measure of the absolute carbon content of the sample.

An example of the coulometric determination apparatus is given in Figure 2.
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Key

1 |furnace 7  flowmeter 13 basket stirrer
2 |combustion tube 8  coulometer 14 cathode

3 | oxygen-purifying tube 9 _gas-splitting pump 15 PC

4 |SO, absorber 10." electrolysis current 16 balance

5 |CO,absorber 11 amplifier 17 pH electrode
6 |10 % — 100 % gas-splitting valve 12 gas inlet tube 18 anode

Figure 2 — Coulometric determination apparatus

5.3.2 Gravimetry using resistance furnace

The| carben present in the sample is ignited in a stream of oxygen in a resistance furnace to oxidize carbon to
carpon”dioxide. Together with the oxygen, the combustion gases are passed through tubeq containing
magnesium perchlorate and percarbamide, which absorbs moisture and oxidation products of the sulfur
contained in the sample or which is a product of reaction from sample compounds. The carbon dioxide is
transferred to the absorption U-tube containing sodium hydroxide on a carrier, where it is absorbed. The mass
increase is directly given by carbon dioxide and calculated via a conversion factor.

An example of the gravimetric determination apparatus is given in Figure 3. The setting up of the test
assembly is given in 5.4.2.4.

© 1SO 2008 — All rights reserved 13
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4 5 6 /78 9 10 11 12 13
Key
1 oxygen ¢ylinder 6 U-tube containing magnesium 11 gas-washing bottle containing5|%
2 pressurd-controlling valve perchlorate palladium(ll) chloride sotution
3 gas flowmeter 7 high-frequency induction furnace 12 absorption U-tube containing
4 gas-washing bottle containing 8 tube filled with percarbamide sodium hydrOXIdilon fti carrier and
concentrated sulfuric acid 9  U-tube containing magnesium magneswm PRQuprate . 0
5 drying twer containing sodium perchiorate 13 gas-washing bottle containing 5%
hydroxide on a carrier 10 absorption U-tube containing palladium([1).chloride solution

sodium hydroxide on a carrier and
magnesium perchlorate

Figure 3 — Apparatus for gravimetric determination using-resistance furnace

5.3.3 Grayimetry using high-frequency induction furnace

The carbon| present in the sample is ignited in a stream of oxygden in an induction furnace to produce cafbon
dioxide. Topether with the oxygen, the combustion gases are passed through tubes containing magnegium
perchlorate|and percarbamide, which absorbs moisture.and' oxidation products of the sulfur contained in or
reacted from the sample. The carbon dioxide is transferred to the absorption U-tube containing sodium
hydroxide gn a carrier, where it is absorbed. The weight increase is directly given by carbon dioxide [and
calculated byy a conversion factor.

An examplg of the apparatus for gravimetric detérmination using a high-frequency induction furnace is given in
Figure 4. The setting-up of the test assembly is given in 5.4.2.4.

1
Key
1 oxygen cylinder 5  drying tower containing sodium 9  U-tube containing magnesium
2 pressure regulator hydroxide on a carrier perchlorate
3 gas flowmeter 6  U-tube containing magnesium 10 absorp.tion U-tube cpntaining sodium
perchlorate hydroxide on a carrier and magnesium
4  gas-washing bottle containing

high-frequency induction furnace perchlorate

tube filled with percarbamide 11 gas-wgshing bottlg containing 5 %
palladium(ll) chloride

concentrated sulfuric acid

Figure 4 — Apparatus for gravimetric determination using a high-frequency induction furnace
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5.3.4 Conductometry

The carbon in the sample is ignited in a stream of oxygen in a furnace to produce carbon dioxide. Together
with the oxygen, the combustion gases are drawn off by a pump through a tube containing percarbamide
which absorbs the oxidation products of the sulfur contained in the sampile.

The carbon dioxide is absorbed in sodium hydroxide solution and its amount calculated from the change in
conductivity.

An example of the conductometry apparatus is given in Figure 5.

Key|

A WO N -~

5.3.

10
stock container 5. container filled with soda lime 9  tube filled with percarb
double pressure reducing valye 6  self-balancing line recorder 10 measuring pump
furnace 7  measuring vessel 11 conductivity measuring
tube containing quartz-wool 8  oxygen cylinder

Figure 5 — Conductometric determination apparatus

6 Infrared (IR) method and resistance furnace (RF) combustion

The)
me

amide

cell

change is

in Figure 6.

© 1SO 2008 — All rights reserved
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Key

1 2 3 4 5 6 7 4
1 oxygen [cylinder 3  carbon-dioxide-absorbing tube 6  dusttube
2 oxidizing tube with electric 4  dehydration tube 7  desulfurization tube

furnace

5.3.6 Thermal conductivity (TC) method and induction furnace (IF) combustion

The samplg
dioxide is t

5 combustion tube 8

Figure 6 — Outline of RF combustion apparatus

gas is adsorbed to a collecting tube. Then, the collecting tube is heated and the desorbed ca
ansferred with oxygen gas to a thermal conductivity analyser_ invorder to measure the change of
thermal corjductivity. An outline of apparatus for determination of total carbon is given in Figure 7.

infrared absorption analysef

bon

6 |7 (2] |4
5 9
4 [ } >
1 213 |4 @
|
Key
1 oxygencylinder 5  combustion tube 8 flow path converter
2  oxidizing tube with elegtric furnace 6  dusttube 9 carbon dioxide capture tube
3 carbon-fioxide-absorbing tube 7  desulfurization tube 10 thermal conductivity analyser
4  dehydrgtion tube
Figure 7 — Outline of IF combustion apparatus
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Detection methods

5.4.1 Resistance furnace method with coulometric detection of the released CO,

5411 Combustion and detection

The

combustion technique is described in 5.2.2 and the detection technique is described in 5.3.1.

5.41.2 Reagents

Use

5.4.
Ba(

5.4.
5.4.
5.4.

5.4.

5.4.
Ord
5.4.

5.4.

5.4.

Set

5.4.
To ¢
carf
the

For

only reagents of analytical grade.

1.2.1 Barium perchlorate solution: dissolve about 200 g of analytical grade barium
C10,),, in distilled or deionized water and make up to one litre.

1.2.2  Barium carbonate, BaCOs.

1.2.3 Hydrogen peroxide adsorbed on urea, H,O,CO(NH,),, (percarbamide).

1.2.4  2-propanol, CH;CH(OH)CH,.

1.2.5 Buffer solutions, for calibrating the pH meter, as specified by the equipment manufag
1.3  Apparatus

nary laboratory apparatus and the following.

1.3.1 Combustion device (see 5.2.2.3).

1.3.2 Coulometric titration device (seeFigure 2).

1.4  Setting up the test assembly

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

1.5 Check of test assembly, blank value determination

heck a newly set uptest assembly or to carry out routine checks, ignite a few reference sampl
on content before_running the analytical sample. The difference between the carbon conten
known carbon’content of the reference sample shall not exceed the permissible tolerances.

the blank.value, determine the carbon content of lead borate three times using the same am

borate and the same time as is required for the combustion. Subtract the mean of the three detern

a bl

ank“value when calculating the total carbon content.

perchlorate,

turer.

s of known
t found and

bunt of lead
ninations as

5.4.1.6 Procedure

Weigh about 40 mg of the sample, to the nearest 0,1 mg, into the combustion boat, ignite and determine as
described in 5.2.2 and 5.3.1.

The

volume of the combustion gas shall generally be reduced to one-tenth.

Carry out the coulometric determination of the carbon dioxide, CO,, released as described in the
manufacturer's manual.

© 1SO 2008 — All rights reserved
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5.41.7 Calculation

Calculate the total mass fraction of carbon, wgytq, €Xpressed as a percentage, using Equation (7).

% !
WCtotaI:(IXf) (17X ] )xx (7)
mg

where

I is the number of pulses found for the sample;

fis [he gas volume reduction factor;

I' is fhe mean number of pulses in the blank value determination as specified in 5.4.1.5.

f1 is the gas volume reduction factor used for the blank value determination;

mg is [he initial sample mass corrected as specified in Clause 5 of ISO 21068-1:2008, in milligrams;

x is |a proportionality factor specific to the apparatus for converting the “number of pulses to mg of
carbon.

NOTE Vhen using older devices, the detected carbon, in coulombs, is indicated in pulses; state of the art deyices
indicate the fnass fraction of carbon as a percentage.

5.4.2 Resjstance/induction furnace method with gravimetric’detection of the released carbon dioxXide

5.4.21 Combustion and detection

The combystion technique is described in 5.2.2 to5.2.4, depending on combustion technique, and|the
detection tgchnique is described in 5.3.2 and 5.3.3.

5.4.2.2 Reagents

Use only repgents of analytical grade.

5.4.2.21 |Granulated magnesjum perchlorate, Mg(ClO,),.

5.4.2.2.2 |Sodium hydroxide; NaOH, analytical grade, on a carrier, grain size 2 mm to 3 mm.
5.4.2.2.3 |Hydrogenpéroxide, adsorbed on urea, H,0, CO(NH,),, (percarbamide).
5.4.2.2.4 |Palladium(ll) chloride solution, PdCl,. Dissolve 0,3 g of (Il)(Il) chloride, PdCl,, in 10 ml of

approximately .36'% hydrochloric acid in a 100 ml volumetric flask, add 5 g of anhydrous sodium acetate, |and
make up to|106, ml with distilled water; keep the solution in the dark.

5.4.2.2.5 Analytical grade sulfuric acid, H,SO,, with a concentration of 96 % to 98 %.
54.2.26 Glass wool.

5.4.2.3 Apparatus
Ordinary laboratory apparatus and the following.

5.4.2.3.1 Combustion device, depending on combustion technique (see 5.2.2 to 5.2.4).
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5.4.2.3.2 Gas-washing bottles.

5.4.2.3.3 Drying tower.

5.4.2.3.4 Absorption vessels, e.g. U-tubes.

5.4.2.3.5 Glass tube for gas-purifying agent.

5.4.2.4  Setting up the test assembly

material, be used.

Fill {he absorption U-tube to two-thirds of its capacity with sodium hydroxide on a carrier at the en
the [combustion tube and fill the remaining third of the capacity in the oppositetdimb with
perg¢hlorate.

In setting up the assembly, care shall be taken to ensure that there are no“blockages down-st
combustion tube and that glass is next to glass in the case of flexible connéctions.

5.4.2.5 Check of test assembly, blank value determination

To ¢heck a newly set up test assembly or to carry out routine checks, ignite a few reference sampl
carpon content before running the analytical sample.

The| difference between the result found and the known~carbon content of the reference samp
exceed the permissible tolerances.

Each time an absorption U-tube is filled with sedium hydroxide on a carrier, a blank determinat
carrjed out to check whether the change in mass of the U-tube is within the permissible tolerances.
For [plank value determination, determjnexthe carbon content of the accelerator additives three timg
sanme amount of accelerator and the‘same time as is required for the combustion. The mean
detgrminations shall be subtractedtas a blank value when calculating the total carbon content.
5.4.2.6 Procedure

Weigh 0,1 g to 0,2 g ofthe sample, to the nearest 0,1 mg, into a combustion crucible/boat, ang

acc
con

Afte

wei

If th

blerator. Place the”crucible/boat in the furnace. Weigh the absorption U-tube to the nearest
nect it to the assembly.

r ignitionj\remove the absorption U-tube from the test assembly. Allow to cool in a desiccatd

-2:2008(E)

Mg(CIO,),
ous organic

d nearest to
magnesium

eam of the

es of known
le shall not
on shall be
bs using the

pf the three

cover with
0,1 mg and

r, and then

F insufficient

th to the.nearest 0,1 mg.

palladium(ll) chloride solution in the washing bottle turns to a dark colour, this is indicative o

oxygen being present during the combustion process. In this case, disregard the results and increase the
oxygen flow rate in the next analysis.

© 1SO 2008 — All rights reserved
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5.4.2.7 Calculation

Calculate the total mass fraction of carbon, wgiq, €Xpressed as percentage, using Equation (8).

WCtota|—(G—G1)x%x100 ()
where

G is the increase in mass, in grams, of the absorption U-tube;

G1 is the blank value, in grams, as specified in 5.4.2.5;

mg is the initial sample mass, in grams, corrected as specified in Clause 6;

0,272 9 is the factor for converting carbon dioxide to carbon.
5.4.3 Resjstance furnace method with conductometric detection of released carbon dioxide, CO,
5.4.3.1 Combustion and detection
The combugtion technique is described in 5.2.2 and the detection technique.is described in 5.3.4.
5.4.3.2 Reagents
Use only repgents of analytical grade.
5.4.3.2.1 | Sodium hydroxide solution, ¢(NaOH) 0,012 5 mol/l.
5.4.3.2.2 |Hydrogen peroxide adsorbed on urea, H,0, CO(NH,),, (percarbamide).
5.4.3.2.3 | Sodium hydroxide on a carrier, e:g.-granulated soda lime, grain size 2 mm to 3 mm.

5.4.3.2.4 |Lead borate, 2PbO-B,0, as‘specified in 5.2.2.2.2.

5.4.3.3 Apparatus
Ordinary laloratory apparatus and the following.
5.4.3.3.1 | Combustiondevice (see 5.2.2.3).

5.4.3.3.2 | Conductometric detection system for carbon dioxide (see Figure 5).

5.4.3.4 Setting up the test assembly

Set up the test assembly in accordance with the manufacturer's instructions.
5.4.3.5 Check of test assembly, blank determination
Carry out a check of the test assembly and blank value determination as specified in 5.4.1.5.

5.4.3.6 Procedure

Weigh about 80 mg to 90 mg of the sample, to the nearest 0,1 mg, into the combustion boat, and ignite and
detect it as described in 5.2.2 and 5.3.4.
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The volume of the combustion gas shall generally be reduced to one-tenth.

Carry out the conductometric determination of the carbon dioxide released as described in the manufacturer's
manual.

5.4.3.7 Calculation

Determine the total mass fraction of carbon, w15, €Xpressed as a percentage, from the plot obtained with a
recorder calibrated using reference samples of known carbon content.

5.4 A—Resistancefinduction-furnace-method-with-detectionof thereteased-carbon-dioxide;;CO,, by
infrared absorption

5.4.41 Combustion and detection

Thel combustion technique is described in 5.2.2 to 5.2.4, depending on combustion technigye, and the
detgction technique is described in 5.3.5.

5.44.2 Reagents

Usd the reagents specified in the manufacturer's instructions. Use only téagents of analytical grade.

5.44.3 Apparatus
Ordjnary laboratory apparatus and the following.
5.44.31 Combustion device, depending on combustion technique (see 5.2.2 to 5.2.4).

5.44.3.2 Infrared absorption device (see Figure 6).

5.44.4 Setting up the test assembly

Set|up and operate the test assembly in“faccordance with the manufacturer's instructions.

5.4.4.5 Check of test assembly, blank value determination

To ¢heck a newly set up.test assembly or to carry out routine checks, ignite a few reference samples of known
carlyon content (see 5.4.4/6) before examining the analytical sample.

Thel difference bétweéen the result found in accordance with 5.4.4.6 and the known carbon content of the
reference sample-shall not exceed the permissible tolerances.

Forblankyvalue determination, determine the carbon content of the accelerator additives three timés using the
sanje . amount of accelerator (see 5.4.4.6) and the same time as is required for the combustion. Tlhe average
of thethree determinations shall be subtracted as a blank value when calculating the total carbon dontent.

5.4.4.6 Procedure

Depending on the carbon content, weigh 50 mg to 90 mg of the sample, to the nearest 0,1 mg, into a
combustion crucible, and cover with an accelerator. Place the crucible in the furnace and follow the
instructions given in 5.2.4 if using an induction furnace, 5.2.2 or 5.2.3 or if using a resistance furnace.

NOTE A ceramic cover upon the crucible can prevent splashing of the sample and accelerator when the reaction is
vigorous during combustion.
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5.44.7

Calculation

Determine the total mass fraction of carbon, weigig, €Xpressed as a percentage, in accordance with the
manufacturer's instructions, taking the blank value into account.

5.4.5

5.4.5.1

Induction furnace combustion — Thermal conductivity method (TC)

Combustion and detection

The combustion technique is described in 5.2.4 and the detection technique is described in 5.3.6.

5.4.5.2 I&Iaterials and reagents

5.4.5.2.1
99,9 % by n

5453 A

Ordinary la

5.4.5.3.1
carbon dioj
equipment.
collected or
carbon diox
conductivity
cell to the
these at an

5.4.5.4

The mass g
it to the neg

Calibration sample: graphite greater than 99,9 % by mass, calcium carbonate~greater
hass, a silicon carbide or carbon sample with known carbon content.

\pparatus
poratory apparatus and the following.

Carbon determination apparatus, with a TC measuring cell, composed of a flow path conve

Xide collecting tube (synthetic zeolite), and thermal condugtivity analyser, and associ
The flow path converter can change the flow path of oxygen whether the carbon dioxid
emitted. The carbon dioxide collecting tube enters the thetmostat, which is kept below 50 °C W
ide is collected or is kept at approximately 300 °C when>carbon dioxide is emitted. The the
analyser converts the difference between the electrictresistances of the sample cell and referg
amount of carbon content through detection, linearization and integrating circuits, and indic
integrating meter. An example is given in Figure .7

Mass of test portion

f the test portion depends on the total'carbon content. Weigh the mass given in Table 3 and re
rest 0,1 mg.

Table 3 — Mass of test portion

Total carbon content Mass of test portion
%-by mass g
below 10 0,20
10 to 50 0,10
50 to 99 0,05

han

rter,
hted
e is
hen
mal
nce
htes

cord

5.4.5.5

Procedure

Carry out the determination in the following sequence:

a)
b)

c)

22

blank test;
calculation of calibration coefficient;

measurement of sample.

© 1SO 2008 — All rights reserved


https://standardsiso.com/api/?name=c940491c4a311745a08fdeee2493fd46

I1ISO 21068-2:2008(E)

However, it is not necessary that the start procedure is carried out every time in cases where several samples
are continuously measured.

Turn on the power source of the apparatus, adjust each part and allow to stabilize. When each part has
stabilized, check that the apparatus is airtight.

Heating for a specified time, transfer the carbon dioxide emitted with oxygen to a thermal conductivity analyser,
and read the integrating value.

Open the stopcock at the entrance of the burning tube and put the burning boat with the sample and
co-burning agent in the centre of the burning tube. Immediately, turn the stopcock on carefully and let oxygen
flow]. After a specified time, record the value of the integrating meter (the reading can be calledsap integrated
valye).

5.4.6.6 Blank test

Carfy out the procedure using the procedure given in 5.4.5.5 without the sample:” Calculate the average
integrated value obtained from three to five consecutive measurements.

5.4.p.7 Calculation of calibration coefficient

Transfer a specified amount of the sample for calibration, which contains 30 mg to 50 mg of total|carbon (for
example, 30 mg for graphite, 250 mg for calcium carbonate, or 100 mg for silicon carbide) and cparry out the
pro¢edure given in 5.4.5.5. Calculate the average integrated value obtained from 3 to 5 ponsecutive
measurements and calculate the calibration coefficient, K, using-the following equation.

ke M P 9)
Ag— 41 100
where
m, is the mass of sample used for calibration, in grams;

P is the percentage of total carbon in the calibration sample, expressed as a percentage by |mass;
Aq s the integrated value.of calibration sample;

A4 s the integrated value of the blank determination obtained in 5.4.5.6.

5.4.p.8 Calculation

~

Determine the-tatal mass fraction of carbon, wgyig, €Xpressed as a percentage, using Equation (10).

(4y — A7)X K
Wetotal =% (10)

where
4, is the integrated value obtained in 5.4.5.5;
A4 is the integrated blank value obtained in 5.4.5.6;
K is the calibration coefficient (g/integrated value) obtained in 5.4.5.7;

m is the mass of test portion, in grams.
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A commercially available apparatus can memorize values of blank test and calibration coefficients
automatically. The mass of the test samples has to be entered in advance, and after combustion of the

sample the

apparatus will directly indicate percentage of total carbon in the sample.

6 Determination of free carbon content

6.1

General

For the determination of free carbon, the same detection techniques are used as for total carbon. The

detection methods differ between directand indirect methods after combustiom i the Tesistance furmace.
6.2 Sample decomposition by combustion

6.2.1 Gernleral

As a comblistion technique, only a resistance furnace without any decomposing agent/accelerator shall be
used except in the wet chemical oxidation method described in 6.6.

6.3 Detection techniques

The detectipn techniques are the same as used for total carbon (see 5.3).

6.4 Direc¢t detection methods

6.4.1 Principle

For direct determination of free carbon, the resistance furhace method is used. The quantification of relegsed
carbon diokide shall be performed by using optienally coulometry, gravimetry, conductimetry, infrared
absorption pr thermal conductivity. The sample is.ignited without any addition of accelerator or decomposing
agent. Temperature and ignition time is specified,'so that oxidation of silicon carbide can be neglected.

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

6.4.2 Det

6.4.2.1

rmination of free carbon by coulometric method at 850 °C

eagents

Use the redgents givenin 5.4.1.2.

6.4.2.2

pparatus

Ordinary laboratory apparatus and the test assembly for total carbon determination as described in 5.4.1.3.

NOTE

of being maintained at a temperature of (900 £ 20) °C in the centre of the heating zone is adequate.

Where the free carbon only is to be determined in accordance with this part of ISO 21068, a furnace capable

6.4.2.3  Set-up of test assembly

Follow the manufacturer's instructions for setting up the test assembly. An example of the test assembily is
shown in Figure 2.
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6.4.2.4 Check of test assembly, blank value determination

-2:2008(E)

Check a newly set up test assembly or carry out routine checks by igniting a few reference samples of known
free carbon content, as described in 6.4.2.5, before running the analytical sample.

The difference between the carbon content found and the known carbon content of the reference sample shall
not exceed the permissible tolerances.

Prior to every series of analyses, the blank value shall be determined (with no gas volume reduction) using a
precalcined boat, and the mean obtained from three determinations has to be subtracted from the measured
values. The blank value is usually between 0,01 % and 0,02 % carbon.

6.4.

5 Procedure

Weigh to the nearest 0,1 mg about 200 mg of the sample prepared and dried as specified in

ISO[21068-1:2008, into a boat from which any carbon present has previously been-removed by
and|place the boat in the furnace preheated to a temperature of 850 °C + 10 °C, as.measured in a
neal to the centre of the heating zone. Measure the furnace temperature and adjust it if required. Adjust the
oxygen flow rate so that there is no risk of air being sucked in from outside. dnless the free carboh content is

par
des

Car

6.4.

Cal
Equ

whsg

cularly low, the volume of the combustion gas shall generally be reddeed to one-tenth using
cribed in 5.3.1.

'y out the determination of free carbon at the above temperature\for exactly 10 min.
.6  Calculation

ulate the mass fraction of free carbon, wggee, €Xpressed as a percentage, to the nearest 0,
ation (11).

CUxf) = x s

WCfree = m
E

re

I is the number of pulses-found for the sample;

/ is the gas volumeTeduction factor;

If  is the mean‘humber of pulses in the blank value determination as specified in 6.4.2.4;

1t is the gas volume reduction factor used for the blank value determination;

mg _is,the sample mass, in milligrams, corrected as specified in Clause 5 of ISO 21068-1:2008;

Clause 5 of
calcination,
single point

a pump as

D1 %, using

(11)

x -~ is a proportionality factor specific to the apparatus for converting the number of pulse!

5 to carbon

content.

6.4.3 Determination of free carbon by gravimetric method at 750°C

6.4.3.1 Reagents

Use

the reagents given in 5.4.2.2.

© 1SO 2008 — All rights reserved
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6.4.3.2

Apparatus

Ordinary laboratory apparatus and the test assembly for total carbon determination described in 5.2.2.3 and

5.4.2.3.

NOTE

reaching a temperature of 800 °C in the centre of the heating zone is adequate.

6.4.3.3

Set up the t

Set-up of test assembly

est assembly as described in 5.4.2.4.

Where free carbon only is to be determined in accordance with this part of ISO 21068, a furnace capable of

6.434 (

Check the t|

Maintain th
checking th

Prior to evq
obtained frd

6.4.3.5 H

Before usin
absorption

2 g of the @
from which

Place the b
and immed
Ignite the s
cool in a de|

If the pallad

oxygen bei
oxygen flow

6.43.6 (

Calculate tf
Equation (1

WCfree

Lheck of test assembly, blank value determination

st assembly as described in 5.4.2.5, using the ignition procedure given in 6.4.3.5.

b temperature occasionally using an external thermocouple device (see 4.3.2,3).

ry series of analyses, the blank value shall be determined using a préecalcined boat. The m
m three determinations is subtracted from the measured values.

rocedure

g the test assembly, thoroughly flush the combustion tube with oxygen. After filling, weigh
vessel to the nearest 0,1 mg and connect it to the assembly. Then weigh, to the nearest 0,1
nalytical sample, prepared and dried as specifiedyn-Clause 5 of 1ISO 21068-1:2008, into a
pny carbon present has been removed by calcination.

pbat in the furnace preheated to a temperature'of 750 °C + 25 °C in the centre of the heating z
ately pass oxygen through it, at an adequate flow rate compatible to the volume to be absor
bmple at this temperature in the furnage-for 60 min and then remove the absorption tube. Allo
Siccator, and then weigh to the nearest’0,1 mg.

ium(Il) chloride solution in the washing bottle turns to a dark colour, this is indicative of insuffid

ng present during the combustion process. In this case, disregard the results and increase
rate in the next analysis!

Lalculation

e mass fraction“of free carbon, wcgee, €Xpressed as a percentage, to the nearest 0,01 %, u
D).

(G Y6")x0,272 9 y

Mg

100

e furnace temperature of 750 °C + 25 °C over the length of the combustion‘boat (see 4.3.2.

ean

—

he
mg,
boat

bne,
bed.
W to

ient
the

5ing

12)

where
G
GI

mg

is the increase in mass of the absorption vessel, in grams;
is the blank value determined as described in 6.4.3.4, in grams;

is the sample mass corrected as specified in ISO 21068-1, in grams;

0,272 9 is a factor for converting carbon dioxide to carbon.

26
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6.4.4 Determination of free carbon by conductometric method at 850 °C
6.4.4.1 Reagents
Use the reagents given in 5.4.3.2 except for that given in 5.4.3.2.4.

6.44.2 Apparatus
Ordinary laboratory apparatus and the test assembly for total carbon determination as described in 5.4.3.3.

Q.

O, a furmage capable of

Ll o
LILE=AY A4

P
P

NO E ‘VAV’:ICIC fIGC deIUUII Ulliy ;b tU IUC \jGtGIIII;IICUI ;II dbbUIU‘dlle VVit:I t:lib [JdlAl U
reaghing a temperature of 900 °C in the centre of the heating zone is adequate.

6.4.4.3 Set-up of test assembly, blank value determination
Set|up the test assembly in accordance with the manufacturer's instructions.

Carfy out a check of test assembly and blank value determination as described,in 6.4.2.4, using|the ignition
prog¢edure described in 6.4.4.4.

6.4.4.4 Procedure
Weigh, to the nearest 0,1 mg, about 400 mg of the analytical-sample, prepared and dried as specified in
Clatise 5 of ISO 21068-1:2008, into a boat from which any carbon present has previously been femoved by
caldination, and place the boat in the furnace preheated to.artemperature of 850 °C + 25 °C in the centre of
the heating zone. Adjust the oxygen flow rate so that therevis no risk of air being sucked in from thg outside.

At tihe above temperature, the determination of free carbon takes 10 min.

6.4.4.5 Calculation

Redd the mass fraction of free carbon;'Cy.., expressed as a percentage, from the plot obtajned with a
recqrder calibrated using reference samples of known carbon content. Take the blank value dgtermined in
6.4.44.3 into account.

6.4.6 Determination of free carbon by IR or TC method at 850 °C

6.4.p.1 Principle

Thel sample is heated in oxygen flow at 850 °C and the content of the carbon dioxide and carbop monoxide
yieldled is deteriined using the infrared absorption method or the thermal conductivity method.

6.4.5.2 , “Reagents

6.4824 Oxygen as describedin 5222 1

6.4.5.2.2 Calibration sample, use graphite (above 99,9 % by mass) or a standard substance or carbon-
containing sample of which free carbon content is known.

6.4.5.3 Apparatus

6.4.5.3.1 Apparatus as described in 5.2.3.3, except using a quartz glass burning tube instead of a
porcelain burning tube.

NOTE The procedure for the determination of the carbon content given in 5.4.4 or 5.4.5 can be used.
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6.4.5.3.2 Burning boat. Use a porcelain burning boat 2-type 13,5 mm x 10 mm x 80 mm, a quartz g
burning boat (for example, 14 mm x 10 mm x 80 mm), or platinum burning boat (for example, No. 80).

6.4.5.3.3 Burning tube, quartz glass (for example, 28 mm x 22 mm x 600 mm).

6.4.5.4 Mass of test portion

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

Table 4 — Mass of test portion

lass

Free carbon content Mass of test portion
% by mass g
below 5 0,50
5to10 0,30
10 to 50 0,10
above 50 0,05

6.4.5.5 Procedure

Carry out the determination in the order of blank test, calculation of calibration coefficient, and measuren
of sample, Wising the following procedure.

Carry out the start procedure as described in 5.2.3.5, with thefemperature of the tubular electric furnac
850 °C £ 2§ °C.

Measure apd spread the sample uniformly on a burning boat. Open the stopcock on the entrance of]

burning tubp and put the burning boat with the sample-in the centre of the burning tube. Immediately, turn
stopcock on carefully and let oxygen flow. After 10-min, record the value of the integrating meter.

6.4.5.6 lank test

Carry out the procedure in accordance)with 6.4.5.5 without the sample. Recalculate the mean integr
values obtajned three to five times.

6.4.5.7 alculation of calibration coefficient
Carry out the procedure given in 5.4.5.7, using the ignition temperature and ignition time given in 6.4.5.5.

6.4.5.8 alculation

Calculate the mass fraction of free carbon, wcfee, €Xpressed as a percentage, to the nearest 0,01 %, u
Equation (1B):

hent

e at

the
the

ated

5ing

(dg —A)xK

m

WCfree =

100

where
A, is the integrated value obtained in 6.4.5.5;
44 s the integrated value obtained in 6.4.5.6;
K is the calibration coefficient (g/integrated value);

m is the mass of test portion in grams.

(13)
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Indirect detection methods

6.5.1 Principle

-2:2008(E)

The method of indirect determination of the free carbon content takes the oxidation of silicon carbide during
the ignition of the free carbon into account, by two alternatives.

For material containing detectable quantities of B-SiC, the method shall be agreed between interested parties.
This also applies for material containing more than 2 % free carbon and/or a high proportion of fine particles
with a particle size of less than 10 um, for which only the methods of determination described in 6.5.2 or 6.5.3

If there are doubts about using this method, because the substance to be analysed(conts

con
dete

This
van

Car
exc
dete

The)

a)

VaerorooT

stituents, carbonates and/or other reactive additives (Fe, Si, Al), the amounts of these constitug
rmined and allowed for.

indirect method of free carbon determination is invalid when the sample ‘contains more
bdium pentoxide, V,Og, or boric acid, H;BO;.

bon not bound as silicon carbide, SiC, shall not constitute more than 596 1f the free carbon, C

rmination.

Indirect determination of the free carbon by change indmass during calcination in air.
The following determinations shall be carried, out:

— total mass fraction of carbon, wgy.4,(Of the dried starting material, by one of the method
in 5.4,

— change in mass on calcination;’m,, in air;

— total mass fraction of \carbon of the residue on ignition, wogr, by the method specified in
for wetotal-

Indirect determination of the free carbon by weighing back the combustion boat after d
determination.

After determination of the free carbon content as described in 6.4, the combustion boat with th
weighed\again, and the change in mass is determined. The procedure for wggee dete
repeated with the residue until total combustion of free carbon is proved by an increase in m
by silicon carbide, SiC, oxidation.

ins volatile
nts shall be

than 0,6 %

reer content

beds 5 %, 6.5.4 shall be applied. Alkali oxides or alkali carbonates, that act as fluxes interfere with the

method of indirect determination of free carbon content takes the oxidation of silicon carbide¢ during the
ignition of free carbon into account by one of the following metheds.

s described

5.4 chosen

irect wefree

e residue is
mination is
ass caused

c)

Indirect determination of free carbon by calculation

WcCfree = WCtotal ~ WCSIC

where wcgc is the mass fraction of carbon, calculated from silicon carbide, SiC,

or

whe

WcCfree = WCtotal ~ WCash

re weash IS the mass fraction of carbon in the ash after ignition at 750 °C (see 7.4).

© 1SO 2008 — All rights reserved
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6.5.2 Indi

6.5.2.1

Use the rea

6.5.2.2

rect determination by change in mass during calcination in air

Reagents

gents given in 5.4, according to the chosen method.

Apparatus

Ordinary laboratory apparatus and the following.

6.5.2.2.1

6.5.2.2.2

6.5.2.2.3
chosen metf

6.5.2.2.4
6.5.2.3 H

6.5.2.3.1

rtaboratory furnmace, capabte of temg mamtamed at(750=25)"C-
Agate mortar.

Apparatus for determining the total carbon content, as described in 5.4, aceording to
hod.

Crucibles, of ceramic material.
rocedure

Determining the change in mass on calcination in air

Weigh, to the nearest 0,1 mg, about 1 g of the substance prepared:and dried as specified in Clause

1ISO 21068-
and then cq
weigh the ¢

NOTE A
calcination tg

Use the sarj
6.5.2.3.2
After calcin

reducing th
accordance

6.5.2.3.3

Determine
1ISO 21068-

6.5.24 (

1:2008, into a precalcined crucible, calcine in the laboratory furnace for 60 min at (750 + 25
ol in a desiccator. Weigh to the nearest 0,1 g. Repeatthe calcination at least once for 30 min,
boled crucible containing the residue again, to the nearest 0,1 mg.

slight increase in mass during the second calcination is acceptable, but a decrease in mass requires
be continued until the mass is constant or increases.

ple mass determined after the final calcination to calculate the change in mass, m,,.

Determining the total carbon content of the residue on ignition
ption as described in 6.5.2,311, place the material in the agate mortar and homogenize wit

e particle size further. Determine the total carbon content of the residue on ignition, wcp
with the chosen method as described in 5.4.

Determining the total carbon content of the starting material

the total carbon content, wgig, Of the sample prepared and dried as specified in clause
1:2008, using the same method as used in 6.5.2.3.2.

Lalculation

the

5 of
) °C
and

the

hout
in

b of

Calculate the change in mass on calcination, m,, as a percentage by mass, to the nearest 0,01 %, using
Equation (14).

my ="2—"E x100

where

mg

(14)

mp is the final sample mass, in grams, corrected as specified in Clause 6 of 1ISO 21068-1:2008, after

ca

Icination at 750 °C;

mg is the initial sample mass, in grams, corrected as specified in Clause 6 of ISO 21068-1:2008.

30
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A loss in mass shall be written with a negative sign in the formulae below and an increase in mass with a

pos

itive sign.

Calculate the residue on ignition, R, expressed as a percentage by mass, to the nearest 0,01 %, using
Equation (15).

R=100+m,

where m, is the increase in sample mass.

Cal

ulate the mass fraction of free carbon Wetree expressed as a percentage to the nearest 0

(15)

01 %, using

eith

NOT

6.5.

The]
Tab

6.5.

br Equations (16) or (17).

R-w R
Vv

w = -
Clree 1,600 9 2,6641
W _ Wctotal “WCR _ My XWcrR My
Cfree —
1,600 9 160,09 2,6641
E The factors used in the equations are calculated using the relative molar masses as follows:
1,600 9=3102-51C 4
' C
Si0,-SiC
C
2,664 1-5102-5C 4
' C

.5 Precision

repeatability and reproducibility limits and standard deviation, as defined in I1ISO 5725-2, 3
eb.

Table 5 — Precision

Repeatability Reproductibility
s r Sr R

r

0,07 0,2 0,21 0,57

re given in

B _Indirect determination by weighing back the combustion boat after direct free carbon

determination

6.5.3.1 Reagents

Reagents as specified in 6.4, according to the chosen method.

6.5.3.2 Apparatus

Ordinary laboratory apparatus and the following.

6.5.3.2.1

chosen method.

© 1SO 2008 — All rights reserved
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6.5.3.3

Procedure

Carry out the direct C;,, determination as described in 6.4. After the C;,,, determination, allow the boat with

the residue

of the ignition to cool and store in a desiccator. Weigh the residue.

Repeat this procedure until the mass of the residue is constant or increases. The Cy.. results of the repeated
determinations are added to give the “apparent” free carbon content Cfree_apparent.

%1

6.5.3.4 Calculation
Calculate the rhangn i mass on ignitinn ., pylnrncani as a Inprmanfngn hy mass_to the nearest 0 0
using Equation (18).
map —m
m, =+ —E %100
mg

where

mp is the final sample mass, in grams, corrected as specified in Clause 5 of |ISQ.21068-1:2008, afte

lag
mE iS

Aloss in m
positive sig

Calculate th
using Equa

Wcfree |~

where

t ignition procedure;
he initial sample mass, in grams, corrected as specified in Clause 5 of ISO 21068-1:2008.

bss shall be substituted with a negative sign in the formula below, and an increase in mass w
.

e mass fraction of actual free carbon, wegee, €XprEssed as a percentage, to the nearest 0,0
ion (19):

_ WCfree-apparent

1,600 9

my

2,6641

WCfree-apparent is the apparent free,carbon content obtained in 6.5.3.3;

my

and the

is defined in Equation (18);

factors are as défined in 6.5.2.4.

6.5.4 Determination‘of-free carbon by calculation

The determ

If the mass

nation,of free carbon is carried out by calculation.

fraction of silicon carbide is determined as described in 7.5, use Equation (20).

18)

the

th a

%a

(19)

Wcfree = WCtotal ~ WCSIiC

where

wesic

is the carbon content, calculated from SiC determined as described in 7.5.

(20)

If the mass fraction of silicon carbide is determined as described in 7.4, use Equation (21) when the oxidation
effects on the silicon carbide are negligible.

Cfree =

32

Ciotal — Csic

(21)
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Use Equation (22) when the oxidation effects on silicon carbide are not negligible.

100+ AP
{Ctotal - Cash (100]} AP

1,600 9 2,664 1

Cfree -

where

AP s the loss on ignition at 750 °C, LOl;5, as described in 4.5;

(22)

The

sha

6.6

6.6.

This
spe

NOT
130

Ciota is the total carbon in the sample for loss on ignition at 750 °C, LOI,5, (see 6.5.2.3.3);

C is the carbon in the ash after ignition at 750 °C (see 6.5.2.3.2);

ash
and the factors are as defined in 6.5.2.4.

relationship

100+AP]

Cfree < Ctotal - Cash( 100

| be observed. If necessary, repeat the determinations.
Direct determination of free carbon by wet oxidation

1 Principle

method uses the strong effect of chromic sulfuric iodic acid. The free carbon content is de
Cified in 10.2.1 of EN 12698-1:2007.

E The free carbon of the sample is.6xidized to carbon dioxide by chromic sulfuric iodic acid at a tg
"C to 140 °C. The inert gas carries (the* CO, to the detection system of choice. SiC does not react

condlitions, or only to a negligible amount even for very fine powders.

71

The

Determination of silicon carbide content, SiC

General
determination-of silicon carbide, SiC, is carried out by one of the following methods.
Indirect.quantitative method.

This method is applied for a sample which has less than half of the ratio of the mass frag

ermined as

mperature of
under these

tion of free

carbon, wegee, against total carbon, weioar-
Direct quantitative method.

This method is applied for a sample that has more than a quarter of the ratio of the content of
against total carbon.

Direct quantitative method after ignition (ignition method at 750 °C).

Determination of silicon carbide by chemical method.

© 1SO 2008 — All rights reserved
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7.2 Determination of silicon carbide, SiC, by indirect quantitative method

7.21

Principle

The chemically bound carbon is determined by calculation as the difference between the total carbon content

determined

as described in Clause 5 and the free carbon content determined as described in Clause 6.

7.2.2 Calculation

Calculate the mass fraction of silicon carbide, wg;c, expressed as a percentage, using Equation (23).

wsic
where

WCtotal

WCfree

3,338 §

Report the

7.3 Determination of silicon carbide, SiC, by direct quantitative method

7.3.1 Prin
SiC-bound
combustion

A sample f
oxygen flov
thermal cor

7.3.2 Reagents

Reagents a

7.3.3 App

7.3.3.1
(resistance

=(Wctotal

— WCfree ) X3,338 3

is the total mass fraction of carbon, expressed as a percentage, determined-as describe]
Clause 5;

is the mass fraction of free carbon, expressed as a percentage, determined as describe]
Clause 6;

is a stoichiometric factor used for converting carbon to silicon-carbide.

esult to the nearest 0,1 %.

ciple

carbon is directly determined by combustion of a sample already free from Cg. o by prelimi

and the yielded carbon dioxide and carbon monoxide are measured by infrared absorptio
ductivity or other methods as)described in Clause 5.

5 described in 54.4.2 and/or 5.4.5.2.

aratus

Apparatus for the quantitative determination of carbon, based on the combus
induction heating) infrared absorption method as described in 5.4.4 or the combustion (indug

d in

d in

nary

br which the content of free carbon” has been determined is burned with co-burning agent in an

N or

tion
tion

heating) the

roAal ~andL afv mnthod Ao dAacoribhad n B A O

T
o Cor |uuvuvu] LRRAVATR VAT mu e (o aav Ao Vi R CAvA" py | B pa e pa e

7.3.4 Test portion

Weigh the sample from the residue after combustion in accordance with 6.4.5.4.

The mass of the test portion after combustion depends on the content of silicon carbide as shown in Table 6.

If necessary, grind slightly by using a mortar.

34
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Table 6 — Mass of test portion

Silicon carbide content Mass of test portion to be weighed
% by mass g
below 30 0,20
above 30 0,10

7.3.5 Procedure

Car

7.3.

Car
3to

7.3.

If n
app

7.3.

Cal

whe

'y out the quantitative determination using one of the methods described in 5.4, especially §:4-4

b Blank test

'y out the procedure given in 7.3.5 without the sample. Determine the mean intégrated valued
5 consecutive measurements.

7 Calculation of calibration coefficient

bcessary calculate the calibration coefficient in accordance with~the procedure correspon
Bratus used.

B Calculation

ulate the mass fraction of silicon carbide, wg;c, expréssed as a percentage, using Equation (24

Ay — Aq) X K X
wSiCZ( 2= A)}KXm00v3.338 3

mo Xm

re

A4, is the integrated value in %.3.5;

44 is the integrated valde,in 7.3.6;

K is the calibration-coefficient in 7.3.7

m is the mass of test portion in 6.4.5.4, in grams;

m4 is the'mass of the sample after combustion in 6.4.5.5, in grams;

mo4_i8 the mass of test portion in 7.3.4, in grams.

or545.

bbtained for

ding to the

~

(24)

7.4

Determination of silicon carbide, SiC, by ignition method at 750 °C

7.4.1 Principle

The carbon content from silicon carbide is determined by a total carbon method after ignition at
750 °C + 25 °C (carbon from silicon carbide), then calculation of the corresponding silicon carbide content.
Ash thus obtained does not contain free carbon but only contains carbon combined in silicon carbide.

© 1SO 2008 — All rights reserved
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7.4.2 Ash

Carry out th

-2:2008(E)

production

e procedure described in 4.5.3 as follows:

Weigh the test sample in a porcelain dish or in a crucible previously treated at 750 °C overnight and cooled in
a desiccator.

Put the dish

and the sample into a muffle furnace heated at 500 °C + 25 °C for 20 min.

Increase the furnace temperature to 750 °C and ignite the sample for 1 h 30 min as soon as the furnace has

reached tes

t temperature.

Remove thl dish (or crucible) from the furnace and allow it to cool to room temperature in a desiccator.

Weigh the ¢

Place the d
SO0, repeat t

7.4.3 Deteérmination of carbon in ash

The princip
7.4.4 Calc

Calculate t
Equation (2

WSiC a
where

we is
Calculate th
Equation (2

wsic d

where

ish and sample.

sh and sample in the furnace again for 30 min and check whether there is a further loss in masg
ne whole procedure.

e and procedure are as described in Clause 5.

tulation

he mass fraction of silicon carbide in the ash, wgicysn, €Xpressed as a percentage, u
0).

h =Wc X3,338 3

he mass fraction of carbon in 7.4.3; expressed as a percentage.

e mass fraction of silicon carbide of the dried sample, wg;cqr,, expressed as a percentage, u

)

100=AP

= wg x3,338 3x
100

y

AP is

sts, positive for a gain.

he change of mass at 750 °C, determined in accordance with 4.5, which is negative for a los

s. If

s5ing

25)

s5ing

(26)

s of

The test sample for the determination of carbon from silicon carbide in the ash may be taken from the ash
obtained according to 4.5. However, preferably take out a test sample for ignition. The ash from this sample
would provide a test sample for carbon determination. In this case, weigh the dish (or the crucible) previously
treated at 750 °C to calculate the mass of ash.

7.5 Dete

Determinati

36

rmination of silicon carbide, SiC, by chemical method

on of silicon carbide by sulfo-hydrofluoric decomposition at room temperature.
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7.5.1 Principle

Sulfo-hydrofluoric decomposition at room temperature (for removing SiO,): the residue containing the silicon
of the silicon carbide and the free silicon is subjected to another attack to determine silica by gravimetry after
insolubilization by perchloric acid. From this, silica is calculated, then Sigc.ee, in Order to calculate Sig;c
using Sigge-

7.5.2 Reagents

Use only reagents of analytical grade.

7.5.21 Hydrofluoric acid, density 1,14 g/ml.
7.5..2 Sulfuric acid, density 1,84 g/ml.
7.5..3 Sodium carbonate.

7.5.2.4 Sodium peroxide.

7.5.2.5 Perchloric acid, density 1,67 g/ml.
7.5.2.6 Hydrochloric acid, density 1,19 g/ml.

7.5..7 Hydrochloric acid solution, 10 %.

7.5.0 Apparatus

7.5.5.1 Vitreous carbon crucible, 25 ml.
7.5.8.2 Platinum dish, diameter 60 mm.
7.5.8.3 Beaker, PTFE, 250 ml.

7.5.8.4 Watch glass, PTFE, diameter-75 mm.
7.5.8.5 Filters, slow filtration.

7.5.3.6 Funnel, polyvinylchioride (PVC).

7.5.4 Procedure

Accprately weigh€.0,5g to the nearest 0,0001g of sample, previously dried (see (lause5 of
1SO|21068-1:2008), into a PTFE beaker (7.5.3.3).

Disgolve with.'10 ml of distilled water, 20 ml of hydrofluoric acid, HF, (7.5.2.1) and few drops of sulfuric acid,
H,§0, (7.5:2.2).

Coverthe-besa
fume cupboard.

yut 18 h in a

Dilute with 100 ml water, filter through a filter (7.5.3.5) and put in a PVC funnel (7.5.3.6).
Wash with freshly warmed water until washing water is no longer acidic.

Ignite the filter and residue for 15 min at 750 °C + 25 °C in a vitreous carbon crucible (7.5.3.1) and allow to
cool.

Decompose the residue directly in the crucible with a mix of sodium peroxide (7.5.2.4) and sodium carbonate,
Na,CO5 (7.5.2.3), prepared as described in 8.4.

© 1SO 2008 — All rights reserved 37


https://standardsiso.com/api/?name=c940491c4a311745a08fdeee2493fd46

ISO 21068-2:2008(E)

Carry out a double insolubilization of silica with perchloric acid, HCIO,, (7.5.2.5) and the determination of the
silicon content via silica according to 8.4.

7.5.5 Calculation

Calculate the mass fraction of silicon carbide, wg;ciota, from the silicon content corresponding to silicon of
silicon carbide and free silicon, wg; sicifree (Obtained in 7.5.4), and free silicon, wgiqee, as described in

Clause 9, ex

pressed as percentage by mass, using Equation (27).

WsiCtotal = (WsiSiC+free — Wsifree )% 1,428

(27)

where

1,428

Wsifree

8 Deterfmmination of total silicon content via silica

8.1 Pringiple

Preliminaryli

peroxide, Na,O,, and sodium carbonate, Na,CO5. Double dehydration/insolubilization of silica by perch
acid. Deterfination of residual silica in the filtrate corrected fof-the residue left after the hydrofluoric

treatment.

8.2 Reagents

Use only rep
8.21 Sod
8.2.2 Sod

8.2.3 Hyd

8.2.4 Peichloric acid, HEIO,, density 1,67 g/ml.

8.2.5 Hy]:
8.26 Su

8.2.7 Hyd

is the gravimetric factor of Si — SiC;

is the mass fraction of free silicon, expressed as a percentage, determined-in_accordance
Clause 9.

gnition of the sample at 750 °C + 25 °C. Fusion in a vitreQus carbon crucible with a mix of soqg

gents of analytical grade.
ium carbonate, Na,COs.
ium peroxide, Na,O,.

rochloric acid, HCI, density 1,19 g/ml.

rofluoric_acid, HF, 40 %, density 1,13 g/ml.

uric acid, H,SO,, density 1,84 g/ml.

with

ium
oric
acid

rochloric acid. HCI, 10 %.

8.3 Apparatus

Ordinary laboratory apparatus and the following.

8.3.1 Vitreous carbon crucible, 25 ml.

8.3.2 Platinum dish, diameter 65 mm.
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