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Foreword

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

elect

rotechnical standardization.
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fitute an endorsement.
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Introduction

This International Standard has been developed from Japanese Industrial Standard JIS R 1603:2007
with reference to CEN ENV 14226:2002 and ASTM (C1494-01:2007, and is applicable to the chemical
analysis of silicon nitride raw powders for fine ceramics use. This International Standard covers both
major and minor constituents such as total silicon, total nitrogen, and some of trace metallic and non-
metallic elements.
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Fine ceramics (advanced ceramics, advanced technical
ceramics) — Methods for chemical analysis of fine silicon

nit

ride powders

1 Scope

This

This
alum

2

The
indisg
refer

ISO 7
conté

ISO 3
ISO 4
ISO 4
ISO 4

ISO §
schet

ISO 1}
Part
and 1

ISO ]
Part

ISO 7

Normative references

International Standard stipulates the determination methods of total silicon, tof]
inium, iron, calcium, oxygen, carbon, fluorine, and chlorine in fine silicon nittride powd

following documents, in whole or in part, are normatively referenced in this documnj
pensable for its application. For dated references, only the edition cited applies. I
ences, the latest edition of the referenced document (including any amendments) appl

828, Aluminium oxide primarily used for the production of aluminium — Determinatio
nt — Alizarin complexone and lanthanum chloride spectrophotometric method

696, Water for analytical laboratory use — Spegification and test methods
353-1, Reagents for chemical analysis — Pakt 1: General test methods

353-2, Reagents for chemical analysis —Part 2: Specifications — First series
353-3, Reagents for chemical andlysis — Part 3: Specifications — Second series

656-1, Refractory products«=Sampling of raw materials and unshaped products — Par
ne

21068-2, Chemical analysis of silicon-carbide-containing raw materials and refractory
P: Determination of10ss on ignition, total carbon, free carbon and silicon carbide, total a
otal and free silicon

P1068-3, Chemical analysis of silicon-carbide-containing raw materials and refractory
3: Determination of nitrogen, oxygen and metallic and oxidic constituents

14382, Workplace atmospheres — Determination of inorganic acids by ion chromatograp

Volat

International Standard specifies the methods for the chemical analysis of fine silicon nitride
powdlers used as the raw material for fine ceramics.

al nitrogen,
ers.

ent and are
For undated
es.

n of fluorine

F 1: Sampling

products —
nd free silica

products —

hy — Part 2:

ile-acids, except hydrofluoric acid (hydrochloric acid, hydrobromic acid and nitric acid)

ISO 21438-3, Workplace atmospheres — Determination of inorganic acids by ion chromatography — Part 3:
Hydrofluoric acid and particulate fluorides

ISO 26845, Chemical analysis of refractories — General requirements for wet chemical analysis, atomic
absorption spectrometry (AAS) and inductively coupled plasma atomic emission spectrometry (ICP-AES)

meth

ods

EN 12698-1, Chemical analysis of nitride bonded silicon carbide refractories - Part 1: Chemical methods

EN 12698-2, Chemical analysis of nitride bonded silicon carbide refractories - Part 2: XRD methods
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3 Analytes and ranges

Analytes and ranges specified in this International Standard shall be as follows.

Total silicon (T. Si), range of 30 % to 70 % (mass fraction)
Total nitrogen (T. N), range of 30 % to 45 % (mass fraction)
Aluminium (Al), range of 0,001 % to 0,6 % (mass fraction)

Iron (Fe), range of 0,001 % to 0,6 % (mass fraction)

a)
b)
c)
d)
e) Calciuni
f) Oxygen
g) Carbon
h) Fluorin
i) Chlorin
4 Prepa
The method

agreed upof

4.1 Samp

Take the saf

4.2 Dryiy

Take about
over the bot
cool in a deg

4.3 Weigl
Weigh the s

5 Appar

Unless othe]

(CaJ, Tange of U,00T % to U,03 % (mass fraction)
(0), range of 0,05 % to 5 % (mass fraction)
(C), range of 0,01 % to 6 % (mass fraction)
e (F), range of 0,001 % to 0,2 % (mass fraction)
b (C1), range of 0,001 % to 0,2 % (mass fraction)

ration of test sample

of preparing samples shall be in accordance with 1SQ_8656-1 unless otherwise mut
| between the analyser and the customer.

ling
hple in accordance with ISO 8656-1.

18

|0 g of the sample into a flat-type.weighing bottle (60 mm x 30 mm) and spread it unifg
tom of the bottle. Place the bottle in an air bath at 110 °C £ 5 °C for 2 h without a lid, and
iccator (desiccant: magnesitin perchlorate for drying) with a lid for 1 h.

hing

nmple of the requiived quantity to the nearest 0,1 mg using a balance.

atus andreagents

analysis list

ed-in ISO 26845, Clause 4, as necessary. Reagents should conform to the requiremer

ually

rmly
then

rwise(Specified in each determination, use ordinary laboratory apparatus for chejnical

ts of

[SO06353-1,1SO6353-2,and ISO 6353-3,as appropriate. UNIess otherwise specilied in each determination,
use corresponding reagents of analytical grade listed in ISO 26845, Clause 5, as necessary.

6 Blank

test

Blank test shall be carried out by using identical quantities of reagents, conditions, and procedures
throughout each determination to correct the analytical values obtained.

© ISO 2014 - All rights reserved
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7 Determination of total silicon

7.1

Classification of determination methods

Total silicon shall be determined by either of the following methods. If analytical results with four
figures are required, use the method A. If analytical results with two or three figures are required, the
method B can be used.

— Method A: Fusion-dehydration/insolubilization separation-gravimetry and ICP-OES

— Method B: XRF using fused cast-bead method

7.2

7.2.%

A sal
parts
using
detel

7.2.2

Reag
7.2.2
7.2.2

7.2.2
resps

7.2.2
7.2.2

7.2.2
wate

7.2.2

Fusion-dehydration/insolubilization separation-gravimetry and ICP-QES

Principle

mple is fused with alkaline carbonate and the melt is treated with anacid to separ

of silicon, insoluble silicon and soluble silicon, by filtration. In§oluble silicon is
b gravimetry as silicon dioxide converted after ignition, whereas“soluble silicon in t}
'mined using ICP-OES. The sum of them represents the total silicen.

Reagents

ents of analytical grade shall be used. Reagent solutiohs shall be preserved in plastic b
.1 Water, of grade 1 or superior specified in ISO-3696.
.2 Sodium carbonate, anhydrous, specified in ISO 6353-3 or that of higher grade.

.3 Hydrochloric acid (1+1), (1+4), (1+50), prepared by diluting hydrochloric acid
ctively.

.4 Sulfuric acid (1+1), (1#4), prepared by diluting sulfuric acid with water, respecti
.5 Cellulose powder.

.6 Polyethylene oxide solution [0,05 % (m/V)], prepared by dissolving polyethylen
d

.7 Hydrofluoric acid, concentration of 48 %.

7.2.3

ite into two
determined
ne filtrate is

ottles.

with water,

ely.

e oxide with

Apparatus and instruments

Use ordinary laboratory apparatus and instruments for chemical analysis in accordance with ISO 26845,
Clause 4.

7.2.3.1 Platinum dish.

7.2.3.2 Platinum crucible.

7.2.3.3 Burner, capable of heating at 1 100 °C.

7.2.3.4 Muffle furnace, capable of being operated at 1 100 °C.

© ISO

2014 - All rights reserved


https://standardsiso.com/api/?name=881104dcf39c81e91fd453a80c625672

ISO 17947

:2014(E)

7.2.3.5 Balance, readable to 0,1 mg.

7.2.3.6 In

ductively coupled plasma optical emission spectrometer (ICP-OES).

7.2.4 Procedure

The procedure shall be as follows. The procedure described in ISO 21068-2, Clause 8 can be alternatively

used.

7.2.4.1 Fusion of sample

Weigh 0,30
Start to heaf
using a burt

b of the sample and 2,0 g of sodium carbonate, anhydrous into a platinum dish and mix
carefully and increase the temperature gradually to 1 000 °C to completely fuse the'sa
er or in a muffle furnace.

well.
mple

7.2.4.2 Separation of silicon

Add 20 ml qf hydrochloric acid (1+1) to dissolve the melt on a hot plate. Silicon\dioxide will appear to

be jellified and precipitated at this stage. There are two methods to separate-the precipitated silicon

dioxide.

a) Dehydrate carefully the precipitate to dryness in order to prevent it from spattering and add|5 ml
of hydrgchloric acid and 20 ml of water to dissolve any salt mixed with the precipitate. Filtrate the
precipitate with a filter paper and wash with hot hydrochleri¢-acid (1+50) several times and|then
with hof water sufficiently until it contains no salt. Receive the filtrate and washings togethef in a
volumefric flask and make constant volume. Preserve this precipitate for gravimetry of insolluble
silicon gnd the solution for the ICP-OES determination of soluble silicon, respectively.

b) After eduction of jellified silicon dioxide, add 0,05-g of cellulose powder and 10 ml of polyethylene
oxide splution to agglomerate silicon dioxidefor easy filtration. Filtrate and wash in the game
procedure, and then preserve this precipitate for gravimetry of insoluble silicon and the solition
for the ICP-OES determination of soluble-silicon, respectively.

7.2.4.3 Grfavimetry for insoluble silicon

Transfer thd
1100 °C aft
with a few d
dryness on

The loss of 1

7244 IC

Aspirate an

 precipitate embedded\in the filter paper together into a platinum crucible and ign
b1 charring and ashing the paper. Weigh the crucible. Moisten the precipitate in the cry
rops of water andsulfuric acid (1+1) and add 10 ml of hydrofluoric acid. Then evapora

nass after hydrofluoric acid treatment shall be the amount of insoluble silicon dioxide.

P-OES for'soluble silicon

PaN

te at
cible
te to

h hot plate to remeve all of silicon dioxide, ignite it at 1 100 °C and weigh the crucible again.

aliquot of the preserved solution into an Ar plasma of ICP-OES to determine soluble si|licon

in the samp

\ory

7.2.5 Blank test

Run blank determinations according to the operations of 7.2.4.1 to 7.2.4.4 without taking a sample.

7.2.6 Drawing calibration curve

For ICP-OES, prepare calibration solutions to span the range of concentration of silicon in the test
solution. Each calibration solution shall have a similar matrix to the test solution.

With those calibration solutions, draw calibration curves for soluble silicon to establish the relation
between the emission intensity and the amount of silicon.

© ISO 2014 - All rights reserved
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7.2.7 Calculation

With the amount of insoluble silicon in 7.2.4.3, soluble silicon in 7.2.4.4 and the blank test in 7.2.5,
calculate the content of total silicon according to Formula (1).

T.Si = [{(m1 - mo) + (A1 - Ao)} / m] x 0,4674 x 100
(1)
where

T.Si is the content of total silicon in the sample, % (mass fraction);

m1 is the amount of insoluble silicon dioxide in the sample, g;
mo is the amount of insoluble silicon dioxide in the blank test, g;
A1 is the amount of soluble silicon dioxide in the sample, g;

Ao isthe amount of insoluble silicon dioxide in the blank test, g;

mn is the weighed amount of the sample, g.

7.3 | XRF using fused cast-bead method
The procedure shall be in accordance with EN 12698-2,

8 Determination of total nitrogen

8.1 | Classification of determination methods

Total nitrogen shall be determined by either of the following methods. If analytical resulfs with four
figures are required, use the method A or C. If two figures are required, the method B can he used.

— Method A: Acid pressure decomposition-distillation separation-acidimetric titration method
— Method B: Inert gas fusion-thermal conductivity method

— Method C: Fusion=ammonia separation-acidimetric titration method
8.2 | Acid pressure decomposition-distillation separation-acidimetric titratior method

8.2.1 Principle

A sample is decomposed in a pressure decompaosition vessel with a mixture of hydrofludric acid and
sulfuricacid to convert nitrogen into ammonia. Add boric acid and transfer the solution into a distillation
flask. Add sodium hydroxide and perform steam distillation. React the distilled ammonia with a known
amount of amidosulfuric acid and back-titrate the excess of amidosulfuric acid with a standardized
sodium hydroxide solution.

8.2.2 Reagents

Reagents of analytical grade shall be used. Reagent solutions shall be preserved in plastic bottles.
8.2.2.1 Water, of grade 1 or superior specified in ISO 3696.

8.2.2.2 Hydrofluoric acid.

© IS0 2014 - All rights reserved 5
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8.2.2.3 Sulfuric acid.

8.2.2.4 Sodium hydroxide, more than 97,0 % (mass fraction) of purity.

8.2.2.5 Sodium hydroxide solution (500 g/1), prepared by dissolving sodium hydroxide in water.
8.2.2.6 Amidosulfuric acid, more than 99,0 % (mass fraction) of purity.

8.2.2.7 0,1mol/l amidosulfuric acid solution, prepared by weighing 10,0 g of amidosulfuric acid and
dissolving in water to make 1 000 ml. Calculate the factor of this solution according to Formula (2).

F=m x P/(9,7095 x 100)
(2)

where

F  isthe factor of the 0,1 mol/l amidosulfuric acid solution;
m is the weighed amount of amidosulfuric acid, g;

P isthe purity of amidosulfuric acid, % (mass fraction).

8.2.2.8 0,1 mol/] sodium hydroxide solution, prepared by dissolving sodium hydroxide in water in
accordance with ISO 21068-3, 5.2.2.8. Take exactly 50 ml of the0,1 mol/l amidosulfuric acid solutipn in
a beaker (200 ml) and dilute with water to about 100 ml. Titrate this solution with the 0,1 mol/l sofdium
hydroxide s¢lution using a pH meter. Take the end point.agpH 5,5 and determine the volume of the titrant
consumed. (alculate the factor of this solution according to Formula (3).

F1=Fxp0,00/V (3)

where

F1 s the factor of the 0,1 mol/l-sodium hydroxide solution;
F is the factor of the 0,1 mel/l amidosulfuric acid solution;

V' is the titration voluinie of the 0,1 mol/I sodium hydroxide solution, ml.

8.2.2.9 Bagric acid:

8.2.2.10 Ammonium sulfate, more than 99,9 % (mass fraction) of purity.

8.2.3 Apparatus

Use ordinary laboratory apparatus for chemical analysis and the following.
8.2.3.1 Platinum crucible.

8.2.3.2 Pressure decomposition vessel, on the market.

An example is shown in Figure 1. Use the vessels for the exclusive use in this analysis only to avoid cross-
contamination by nitrogen. If the vessel which has ever contacted with nitric acid is used, the lower
values of nitrogen can be obtained.

6 © ISO 2014 - All rights reserved
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8.2.3.3 Air bath, capable of heating at 160 °C £ 5 °C.

8.2.3.4 Steam distillation apparatus, consisting of the components listed below.

An example of the apparatus is shown in Figure 2. Each component shall be made of hard glass coupled
by common ground joints and fixed by springs or clamps just as per ISO 21068-3, Figure 1.

Dimensions in millimetres

Key
dentre screw
dcrew cap
op plate
FPTFE cap
dylinder
PTFE bottle
Bottom plate

N O U W

Figure 1 — An example of sealed decomposition vessel

© ISO 2014 - All rights reserved 7
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Dimensions in millimetres

¢ 10

250

$10

160

Key

a flask (2,3 1) for generation of steam 3 Dumet wire

b trap (500 ml) 4  funnel with stopcock

c sphere ahd tube 5 rubber tube

d distillatipn flask (750 ml) 6 13 tol5 coils

e  Graham fondenser 7  small holes

f  receiver 8 electric heater

1 funnel 9  connection of rubber tube with pinchcock
2 balljoin{ 10 jack

Figure 2 — An example of steam distillation apparatus

8.2.3.5 Steam generation flask (2,5 1), equipped with a funnel with a cock, a throw-in heater (with
1 kW Nichrome wire), and a steam outlet tube.

8.2.3.6 Trap, the bottom of a bulb shall be connected to a rubber tube with a pinch cock for a drain.

The tip of steam leading-out tube shall have several small holes.

8.2.3.7 Bulb, equipped with a steam leading-in tube, a funnel with a cock, a splash-proof trap, etc.

The steam leading-in tube shall be cut in the middle enabling the exchange of the tip by connecting to a
rubber tube.

8 © ISO 2014 - All rights reserved
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8.2.3.8 Distillation flask (750 ml).

8.2.3.9 Coiled condenser.

8.2.3.10 Receiver, a tall beaker (300 ml) shall be used.

8.2.3.11 pH meter, readable to the smallest value of 0,1 equipped with a glass electrode.

8.2.4 Procedure

d)

8.2.5

cid pressure decomposition of sample. Weigh 0,15 g of the sample in a platinum cru
nd add 5 ml of sulfuric acid (1+1) and 5 ml of hydrofluoric acid. Position the cruciblé\int
ecomposition vessel and close according to the manufacturer’s instructions) Plac
into an air bath and heat at 160 °C + 5 °C for 16 h. Acid pressure decomposition unde;
irradiation can be performed if available.

reparation of sample solution. After cooling, disassemble the vessel. Transfer the sg
00 ml plastic beaker by washing the crucible with water. Add 5 g of beric acid and mi3

reparation of steam distillation apparatus. After transferring the solution into 4
lask, assemble a distillation apparatus and add exactly 50 fal of the 0,1 mol/l amido
olution to the receiver. Fix the coiled condenser so thatthe'tip is immersed in the sg
0 ml of the sodium hydroxide solution (500 g/1) through the funnel of the flask by

unnel with water, make the solution volume about 150yml and close the funnel cock.

team distillation. Perform the steam distillatiofi'with a steam flow of 4,5 ml to 5,0 ml
hen the distillate reaches about 170 ml, lower the receiver to expose the tip of th
bove the liquid surface and continue distillation until the distillate reaches about 2
he outside of the tip with a small amount of water. When using a new distillation app4
pparatus which has not been used fof\a long time, perform preliminary distillation
inside of it for 2 h to 3 h.

Titration. Titrate the distillate with the 0,1 mol/] sodium hydroxide solution using t}
Take the end point as pH 5,5.and record the volume of the titrant.

Recovery measurement

Weigh 0,280 g of amunhonium sulfate to the nearest 0,1 mg in a platinum crucible (20 1
opergtions of 8.2.4.and calculate the recovery according to Formula (4). The recovery shal

than

99 %.

R = [{(50,00'x F) - (V x F1)} x 0,0014007/(m x 0,2120)] x 100

Cible (20 ml)
0 a pressure
b the vessel

microwave

lution into a
well.

distillation
bulfuric acid
lution. Pour
iwashing the

per minute.
e condenser
0 ml. Wash
ratus or the
for washing

1e pH meter.

hl), perform
| be not less

(4)

where

R istherecovery, %;

F  isthe factor of the 0,1 mol/l amidosulfuric acid solution;

V  isthe titration volume of the 0,1 mol/l sodium hydroxide solution, ml;

F1 isthe factor of the 0,1 mol/l sodium hydroxide solution;

m  is the weighed amount of ammonium sulphate, g.
© ISO 2014 - All rights reserved 9
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ulation

Calculate the content of total nitrogen in the sample according to Formula (5).

T.N = [{[(50,00 x F) - (V x F1)] x [(0,0014007 x 100/R)]}/m] x 100

where

T.N

is the content of total nitrogen in the sample, % (mass fraction);

is
is
is
is
is

8.3 Inert

8.3.1 Prin

A sample is
and other g
detector aft
moisture.

8.3.2 Rea

Reagents sh
8.3.2.1 Hg

8.3.2.2 FNy

Use a combi

8.3.3 Appjaratus

he factor of the 0,1 mot/Tamidosutfuric acid sotution;

Fhe titration volume of the 0,1 mol/l sodium hydroxide solution, ml;
the factor of the 0,1 mol/1 sodium hydroxide solution;

the recovery (%) in 8.2.5;

the weighed amount of the sample, g.

gas fusion-thermal conductivity method

ciple

fused together with a flux in a graphite crucible.under inert gas flow to extract nitr
hses from the sample. The elemental nitrogeris determined using a thermal conduct
er the removal of concomitants such as carlien monoxide, carbon dioxide, other gases

pents

pll be as follows.
lium, more than 99,99 % j(volume fraction) of purity.

1%, in shot or basket-form made of tin or nickel.

hation of metals'which is different from a capsule.

8.3.3.1 qusule, made of nickel or tin designated for each apparatus.

8.3.3.2 Graphite crucible, suitable for impulse furnace.

An example

10

is shown in Figure 3 a) and Figure 3 b).

6)

ogen
ivity
and
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Dimensions in millimetres

$12.6 514
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$11.6
| |
| |
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! ~ l
¢)6.7 d)5
a) b)

Figure 3 — An example of graphite crucible

8.3.4 Instrument

A commercial nitrogen analyser is available) It consists of the components listed below. The block
diagfam is shown in Figure 4.

8.3.4.1 Inert gas refiner, consistingof a deoxidation tube (reduced copper) with an electtic furnace, a
carbpn dioxide absorption tube (sodium hydroxide shots for gas analysis), a dehydration tube [magnesium
perchlorate for drying), etc.

A depitrification tube (sponge titanium) is attached in some instruments.

8.3.4.2 Gas extractor, consisting of a sample feeder, an impulse furnace, etc.

The $ample feeder can throw the sample-embedded capsule into the graphite crucible in[the impulse
furnace underinert gas flow. The impulse furnace shall be capable of attaining about 3 000 °(. The upper
water-cooled copper electrode is fixed; whereas the lower electrode moves vertically. The graphite
crucjble Is sandwiched between both electrodes.

8.3.4.3 Combustion gas purifier, consisting of a dust collecting tube filled with glass wool, a carbon
dioxide absorption tube with sodium hydroxide shots for gas analysis, a dehydration tube with magnesium
perchlorate for drying, etc.

8.3.4.4 Gas detector, consisting of a thermal conductivity detector and an integration meter.

© ISO 2014 - All rights reserved 11
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Figure 4 — Block diagram of inert gas fusion-thermal conductivity method

8.3.5 Pro¢edure

a)

b)

d)

Amoun

achieve

Startin
valuesi

t of sample. Take 0,02 g to 0,04 g of the sample. If complete extraction of nitrogen c4
1, take up to 0,1 g of the sample.

g up of the instrument. Switch-oir'the instrument and set the controls to the speq
h accordance with the manufacturer’s instruction for operation. Wait until it becomes st

Preliminary heating. Set a new graphite crucible to the specified position of the impulse fur
Flow the inert gas, and then turn on the furnace. Heat the graphite crucible at the dega
temperature for the specifiedperiod, and then heat it at the gas extraction temperature. Rea
integration meter (thereafterreferred to as “integral value”). Repeat the steps of the degassin

the gas

Degass

extraction until @stable integral value is obtained.

ing of the graphite crucible. Put the specified amount of bath metal into a new gra

crucibld and placeiit at the specified position of the impulse furnace. Weigh the sample in a caj

and enc
gas and

ose by=using a jig. Place the capsule at the specified position of sample blower. Feed the
enetgize the graphite crucible. Heat it at the degassing temperature for the specified p

in be

ified
able.

hace.
5sing
d the
r and

pbhite
bsule
inert
briod

and degaS-the graphite crucible and the bath metal.

Measuring. Throw the sample-embedded capsule into the graphite crucible. Energize the crucible,
and heat the sample at the gas extraction temperature for the specified period and read the integral

value.

8.3.6 Blank test

Run blank determinations according to the operations of 8.3.5 without taking a sample. Repeat these
operations three to five times and obtain an average value.

8.3.7 Calculation of calibration coefficient

Use the nitride whose nitrogen content is known and oxygen content is not greatly different from
the sample for calibration. Some of reference materials of silicon nitride powder can be available. If

12
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the nitride whose oxygen content is greatly different from that of the sample is used for calibration,
errors may arise. Perform the operations of 8.3.5 with using the sample for calibration. Average the
values obtained by repeating three to five times measurements and calculate the calibration coefficient
according to Formula (6). Some of commercial instruments can calculate the blank test value, the
calibration coefficient and the content of nitrogen automatically.

K= (m x N/100) / (A1 - Ao)

(6)

where

K isthe calibration coefficient, g/integral value;

m is the weighed amount of the sample for calibration, g;

IN is the content of nitrogen in the sample for calibration, % (mass fraction);

A1 is the integral value of the sample for calibration;

Ao 1isthe integral value of the blank test in 8.3.6.
8.3.8§ Calculation
Calcuylate the content of total nitrogen in the sample according to Formula (7).

TN = [{(A2 - Ao) x K} / m] x 100 -

whertte
T.N isthe content of total nitrogenn the sample, % (mass fraction);
Az  isthe integral value of the sample in 8.3.5;

Ao isthe integral value bf’the blank test in 8.3.6;

K is the calibration coefficient, g/integral value, in 8.3.7;

m  is the weighed amount of the sample, g.

8.4 | Fusien-ammonia separation-acidimetric titration method

The procedure shall be in accordance with EN 12698-1, 7.3.

9 Determination of aluminium, iron, and calcium

9.1 Principle

Asampleisdecomposed in apressure decomposition vessel with a mixture of nitric acid and hydrofluoric
acid to bring solution. After removing silicon by a mixture of hydrofluoric and sulfuric acid treatment,
evaporate the product to dryness and dissolve in hydrochloric acid. Aluminium, iron, and calcium in the
solution are determined using ICP-OES.

9.2 Reagents

Reagents of analytical grade shall be used. Reagent solutions shall be preserved in plastic bottles.

© ISO 2014 - All rights reserved 13


https://standardsiso.com/api/?name=881104dcf39c81e91fd453a80c625672

ISO 17947:2014(E)

9.2.1 Water, of grade 1 or superior specified in [SO 3696.

9.2.2 Nitric acid.

9.2.3 Hydrofluoric acid.

9.2.4 Sulfuric acid (1+1), of prepared with sulfuric acid and water by equivolumetric proportion.

9.2.5 Hydrochloric acid (1+1), of prepared with hydrochloric acid and water by equivolumetric
proportion.

9.2.6 Starjdard aluminium solution (Al 1 mg/ml).
9.2.7 Standard iron solution (Fe 1 mg/ml).

9.2.8 Standard calcium solution (Ca 1 mg/ml).

NOTE Commercial standard solutions being SI traceable are available.

9.3 Apparatus and instrument

Use ordinary laboratory apparatus for chemical analysis and the following.

9.3.1 Platinum crucible (20 ml).

9.3.2 Pregsure decomposition vessel, as per 8.2.3.2:

9.3.3 Platinum dish.

9.3.4 Air bath, capable of heating at 160°C= 5 °C.

9.3.5 Balgnce, readable to 0,1 mg,

9.3.6 Hotjplate.

9.3.7 Inductively coupled plasma optical emission spectrometer (ICP-OES).

9.4 Proce¢dure

a) Sample decomposition

Weigh 0,50 g of the sample in a platinum crucible (20 ml) and add 1 ml of nitric acid and 10 ml of
hydrofluoric acid. Position the crucible into a pressure decomposition vessel and close according to
the manufacturer’s instructions. If an antistatic device is available during weighing, the sample can
be directly weighed into the vessel. Place the vessel into an air bath and heatat 160 °C £ 5 °C for 16 h.
Acid pressure decomposition under microwave irradiation can also be performed, if available.

After cooling, disassemble the vessel. Transfer the solution into a platinum dish by washing the
crucible with water. Add 2 ml of sulfuricacid (1+1) and evaporate to dryness. Add 4 ml of hydrochloric
acid (1+1) and 20 ml of water and heat to dissolve the salt on a hot plate. Dilute the solution with
water to make constant volume of 100 ml for the test solution.

14 © ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=881104dcf39c81e91fd453a80c625672

ISO 17947:2014(E)

b) ICP-OES measurement

Adjust the operating conditions of the ICP-OES in accordance with the manufacturer’s instructions
and chose appropriate wavelength of each element considering spectral interferences and analytical
sensitivities.

Aspirate an aliquot of the test solution into an Ar plasma of ICP-OES to obtain an emission intensity
value.

9.5

Blank test

Run

9.6

Prep
test 4

With|

the 1
solut

9.7

With
in 9.]

A

x4

(en)

whel

blank determinations according to the operations of 9.4 without taking a sample.

Drawing calibration curve

are calibration solutions to span the range of concentrations of aluminiumgiron, and c4
olution. Each calibration solution shall have a similar matrix to the testsolution.

those calibration solutions, draw calibration curves for aluminium,iron, and calcium
elation between the emission intensity and the amount of each element. Then, aspil
ions and blank solutions to obtain the amount of each element in the test solutions

Calculation

b, calculate the contents of aluminium, iron, and caleium according to Formulae (8), (9)

[={(A1-4A2) /m} =100

e={(A3-44) /m}x100

a={(As-4Ae) /m} =100

Il is the content of aluminium in the sample, % (mass fraction);

e isthecontent of iron in the sample, % (mass fraction);

a.is the content of calcium in the sample, % (mass fraction);

A1 is the amount of aluminium in the test solution, g;

Ay is the amount of aluminium in the blank test, g;

A3 is the amount of iron in the test solution, g;

As is the amount of iron in the blank test, g;

As is the amount of calcium in the test solution, g;

Ag is the amount of calcium in the blank test, g;

m is the weighed amount of the sample, g.
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the amount of aluminium, iron and calcium obtainedwith the calibration curves in 9.¢ and blanks

, and (10).

(8)

9

(10)
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10 Determination of oxygen

10.1 Princ

iple

A sample is fused together with flux in a graphite crucible under inert gas flow. The oxygen generated
from the sample reacts with carbon of the graphite crucible to form carbon monoxide. After removing
concomitants such as moisture and dust, carbon monoxide is determined after converted into carbon
dioxide or directly determined using IR spectrometry.

10.2 Reagents

The same a{

10.3 Appa

The same af

10.4 Instr

The same a{
purifier doe
a dehydrati
instead of a

10.5 Proce
Take 0,02 g

10.6 Blank test

Run blank d
operations t

10.7 Calcu

Use 0,010 g
or 0,030 go
silicon nitri
measureme
commercial
content autg

a) Wheny

ratus

8.3.2.

8.3.3.

iment

8.3.4 except for the components of the gas separator and the detector. The combustio
5 not include a carbon dioxide absorption tube with sodiumhydroxide shots for gas ana
bn tube with magnesium perchlorate for drying, etc. The\detector is an IR spectrorn
thermal conductivity detector. A commercial oxygen analyser is available.

rdure

f0 0,04 g of the sample. Perform the operations in accordance with 8.3.5.

eterminations according to the,operations of 10.5 without taking a sample. Repeat {
hree to five times and obtain an average value.

lation of calibration eoefficient

of yttrium oxide [paore than 99,99 % (mass fraction) of purity, ignited at 1,000 °C for
F the nitride whose.oXygen content is known for calibration. Some of reference materi
le powder cambe’available. Average the values obtained by repeating three to five {
hts and calctlate the calibration coefficient according to Formulae (11) and (12). Sof
instruments can calculate the blank test value, the calibration coefficient, and the ca
matically:

Ltrium oxide is used

n gas
lysis,
heter

hese

2 h]
hls of
imes
ne of
rbon

K:(GX

where

16

0,2126) / (A1 - Ag)

is the calibration coefficient, g/integral value;
is the weighed amount of yttrium oxide, g;
is the integral value of the sample for calibration;

is the integral value of the blank test in 10.6.

(11)
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b) When the nitride sample is used

K = (G x 0/100) / (A1 - Ao)

(12)
where
K is the calibration coefficient, g/integral value;
G is the weighed amount of the sample for calibration, g;
(1S the oxXygen content of the sampie tor calibration, % (IMass fraction);
A1 isthe integral value of the sample for calibration;
Ao isthe integral value of the blank test in 10.6.
10.8 Calculation
Calcuylate the content of oxygen in the sample according to Formula (13).
q = [{(A2 - Ao) x K} / m] x 100
(13)

whertre
D is the content of oxygen, % (mass fractionj;
Ay isthe integral value of the sample in10.5;

Ao is the integral value of the blanktest in 10.6;

K s the calibration coefficient, g/integral value;

m is the weighed amount of the sample, g.

11 Determinatiomof carbon

11.1| Classification of determination methods

Carbpn shall'be determined by any of the following methods:

— Method A: Combustion (RF furnace)-IR absorption spectrometry;

— Method B: Combustion (resistance furnace)-coulometry;
— Method C: Combustion (resistance furnace)-gravimetry;

— Method D: Combustion (resistance furnace)-conductometry.
11.2 Combustion (RF furnace)-IR absorption spectrometry

11.2.1 Principle

Asampleiscombusted inan oxygen flow with anaccelerator. The generated carbon oxides are determined
using an IR spectrometer after converting them completely into carbon dioxide.
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11.2.2 Reagents

Reagents shall be as follows.
11.2.2.1 Oxygen, more than 99,99 % (volume fraction) of purity.

11.2.2.2 Accelerator, made of copper, iron, or tungsten.

Use an appropriate combination of these metals referred to the manufacturer’s instruction of the
instrument used.

11.2.3 Applaratus
11.2.3.1 Cambustion crucible, suitable for the instrument.
11.2.3.2 Pedestal, suitable for the instrument.

11.2.4 Instrument

It consists df the following components such as an oxygen refiner, a furnace, a combustion gas refiner,
a gas detectpr, etc. A commercial carbon analyser is available. The bloek'diagram is shown in Figure 5.

oxygen Homb
oxidatio(;l: tube with electric heater
carbon dioxide trap

dehydration tube
dust collpctor

oxidatiom tube with electri¢heater

1

2

3

4

5  RF furnace
6

7

8  sulfur trioxide trap
9

IR spectjometer

Figure 5 — Block diagram of carbon analyser for combustion-IR spectrometry

11.2.4.1 Oxygenrefiner, consisting of an oxidation tube with an electric furnace (copper oxide), a carbon
dioxide absorption tube (sodium hydroxide shots for gas analysis), a dehydration tube (magnesium
perchlorate for drying), etc.

11.2.4.2 Furnace, consisting of a combustion tube and electric parts for high-frequency heating.

11.2.4.3 Combustion gas purifier, consisting of a dehydration tube (magnesium perchlorate for drying),
a dust collecting tube (glass wool), a desulfurization tube (manganese dioxide), an oxidation tube (copper
oxide) with an electric furnace, etc.

11.2.4.4 Gas detector, consisting of an IR spectrometer and an integration meter.
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11.2.5 Procedure

a)

b)

A

Switch on the instrument and set the controls to the specified values according to the manufacturer’s

instruction. Wait until the instrument becomes stable.

Take 0,50 g of the sample in the combustion crucible and spread it over uniformly. Cover the sample
uniformly with the accelerator, 1 g of copper and 1 g of iron, or 1 g of copper and 1 g of tungsten.

Place the crucible on pedestal in the furnace and activate the instrument for measurement.

11.2.6 Blank test

Run plank determinations according to the operations of 11.2.5 without taking a sample.

11.2|7 Calculation of calibration coefficient

Use 0,250 g of calcium carbonate (more than 99,9 % (mass fraction) of purity,.ignited at 500
for 2|h) or 0,500 g of the nitride with known carbon content for calibration. Seme of referen
of silicon nitride powder with known carbon content can be available{ Average the valu
by repeating three to five times measurements and calculate the ealibration coefficier]
to Fqrmulae (14) and (15). Some of commercial instruments can galculate the blank te
calibjration coefficient, and the content of carbon automatically.

a)

where

b)

where

K= (G x0,1200) / (A1 - Ao)

When calcium carbonate is used,

K s the calibration coefficient, g/integral value;
¢ is the weighed amount of caleitim carbonate, g;
A1 isthe integral value of the.sample for calibration;

Ao is the integral value(of the blank testin 11.2.6.

When the nitrideZsample is used,

=

= (G x C/100)7 (A1 - Ao)

°Cto 550 °C
ce materials
es obtained
It according
t value, the

(14)

(15)

K is the calibration coefficient, g/integral value;

G isthe weighed amount of the sample for calibration, g;

C isthe content of carbon in the sample for calibration, % (mass fraction);
A1 is the integral value of the sample for calibration;

Ap isthe integral value of the blank testin 11.2.6.
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11.2.8 Calculation

Calculate the content of carbon in the sample according to Formula (16).

C=[{(A2

where

-Ap) x K} / m] x 100

C is the content of carbon, % (mass fraction);

(16)

Ay s tireintegral vatue of the sampte In 11-2°5;

Ap is the integral value of the blank testin 11.2.6;

K isthe calibration coefficient, g/integral value;

m ist

11.3 Comk

The procedt

11.4 Comlk

The procedt

11.5 Comk

The procedt

e weighed amount of the sample, g.

justion (resistance furnace)-coulometry

ire shall be in accordance with ISO 21068-2, 5.3.1 and 5.4.%.

Justion (resistance furnace)-gravimetry

ire shall be in accordance with ISO 21068-2, 5.3:2\and 5.4.2.

Justion (resistance furnace)-conductometry

ire shall be in accordance with ISO 21068-2, 5.3.4 and 5.4.3.

12 Determination of fluorine and chlorine

12.1 Prind

A sample is

iple

byrohydrolysed under steam and oxygen flow to extract fluorine and chlorine as its hy

ride

from the sagnple. Fluorine anéchlorine collected into alkaline aqueous absorbent are determined yising

ion chromat

12.2 Reag

Reagents of

ography or spectrophotometry.

ents

analytical grade shall be used.

12.2.1 Wat

er, of grade 1 or superior specified in ISO 3696.

12.2.2 Sodium hydroxide solution (0,1 g/1), of prepared with sodium hydroxide and water.

12.2.3 Standard fluoride solution (F 1 mg/ml).

12.2.4 Standard chloride solution (Cl 1 mg/ml).

12.2.5 Oxygen gas, more than 99,5 % (volume fraction) of purity.

12.2.6 Sodium hydroxide solution (0,02 g/1), of prepared with sodium hydroxide and water.

20
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12.2.7 Lanthanum-alizarin complexone, of commercially available.
12.2.8 Acetone.
12.2.9 Mercury (II) thiocyanate solution [0,3 gin 100 ml of 95 % (volume fraction) ethanol].

12.2.10 Ammonium iron (II) sulfate solution [6 g in 100 ml of nitric acid (4+9)].

NOTE A commercial standard solution being SI traceable is available.

12.3 Apparatus and instruments

12.3}1 Pyrohydrolysis apparatus, consisting of the following components.
12.3}1.1 Furnace, capable of heatingat 1 000 °C to 1 200 °C.

12.3{1.2 Reaction tube, made of heat-resistant materials such as mullite,alumina, quartz, gtc.

12.3{1.3 Combustion boat, made of heat-resistant materials such*as mullite, alumina, platinum, etc.
fitted to the reaction tube.

12.3{1.4 Steam generator, consisting of a flask and a mantle heater and capable of controllling at 90 °C
to 100 °C.

12.3{1.5 Flow controller, capable of controlling gxygen flow rate up to 300 ml/min.
12.3{1.6 Delivery tube, connected to a condenser, if necessary.
12.3}1.7 Receiver, made of glass filled jn 10 ml of sodium hydroxide solution (0,1 g/1) as an absorbent.

12.3}|2 Ion chromatograph, with'the separation column suitable for the determination of fluoride and
chlogide.

12.3{3 Spectrophotomiéter, with an 1 cm length cell for visible range.
12.4 Procedure

12.4{1 Extraction of fluorine and chlorine from the sample

Take| 0,5 g of the sample in the combustion boat. Just as it is placed in the centre of the regaction tube,
close The system with the detivery tube immediately. Start to feed a steam and oxygen to begin to
pyrohydrolyse the sample at 1 000 °C to 1 200 °C for 20 min under an adequate rate of oxygen flow.

Wash down the delivery tube and the tip of the condenser, and then transfer the distillate and washings
in the receiver into a volumetric flask. Add water to the mark to prepare the test sample solution.

12.4.2 Determination of fluorine and chlorine

Fluorine and chlorine can be simultaneously determined using ion chromatography. Specific
spectrophotometry can be also available for fluorine and chlorine, independently.
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12.4.2.1 Determination of fluorine and chlorine using ion chromatography

Injectanaliquot of the test sample solution into an ion chromatograph to determine fluorine and chlorine.
Refer to ISO 21438-3 for fluorine and ISO 21438-2 for chlorine, respectively. It will be found that fluorine
and chlorine could be simultaneously determined in the same condition at one run. Determine the
content of fluorine and chlorine in the test solutions using calibration solutions containing the identical

quantities o

freagents as in the determination.

12.4.2.2 Determination of fluorine using spectrophotometry

Spectrophotometric determination method of fluorine alternative to ion chromatography can be

available. A
complexone
using calibr

12.4.2.3 Dg

Spectrophof
available. R¢
(I1) sulfate 4
by using a sj

To an aliqud
mercury (Il
yellow coloy
measure the

12.5 Blan

Run blank (:[

12.6 Draw

Prepare cal
solution. Ea

With those
relation bet

ccording to ISO 2828, react fluorine in the test sample solution with lanthanum-ali
to yield a blue coloured complex. Determine the fluorine by spectrophotometricune
htion solutions containing the identical quantities of reagents as in the determination.

termination of chlorine using spectrophotometry

pact chlorine in the test sample solution with mercury (II) thiocyanate’and ammonium
o yield a yellow coloured complex. Measure the absorbance of the yellow product at 46
pectrophotometer according to the following.

t of the test sample solution prepared in 12.4.1 in a 50smbvolumetric flask, add 5.0
thiocyanate solution. Then, add 2,0 ml of ammonium iron (II) sulfate solution to

absorbance at 460 nm.

test

terminations according to the operations of 12.4 without taking a sample.

ing calibration curve

bration solutions to span thé.range of concentrations of fluorine and chlorine in thg
Ch calibration solution shdllhave a similar matrix to the test solution.

calibration solutions,draw calibration curves for fluorine and chlorine to establis]
lveen the signal intensity and the amount of fluorine and chlorine.

rarin
thod

ometric determination method of chlorine alternative to ion chrematography can be

iron
0 nm

ml of
yield

red complex and dilute with water to the mark. Stafid-for 30 min to develop coloration and

test

h the

Ffawn
and

12.7 Calculation
Obtain the gmount ef.fluorine and chlorine by 12.4.2 and 12.5 referring to the calibration curve d
in 12.6 and falcutlate the content of fluorine and chlorine in the sample according to Formulae (17
(18).

F={(A1-40) / m} x 100
where

F  is the content of fluorine in the sample, % (mass fraction);

22

is the amount of fluorine in the test solution, g;
is the amount of fluorine in the blank test, g;

is the weighed amount of the sample, g.

(17)
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Cl = {(A2 - Ag) / m} x 100
(18)

where
Cl isthe content of chlorine in the sample, % (mass fraction);
Ay is the amount of chlorine in the test solution, g;

Ap is the amount of chlorine in the blank test, g;

m 1s the weighed amount of the sample, g.

13 Reporting analytical values

13.1 Number of analyses

Analjse the sample twice on different days.

13.2 Evaluation of analytical values

a) When the difference between two analytical values doés\not exceed the tolerance shown in Table 1,
the average value shall be reported.

b) When the difference between two analytical values exceeds the tolerance shown in Table 1, perform
ddditional two analyses. When the difference*does not exceed the tolerance, the ayerage value
thereof shall be reported. If the difference.also exceeds the tolerance, the median of four analytical
yalues shall be reported.

13.3 Expression of analytical values

The gnalytical values shall be givén in % (mass fraction) in dryness.
a) Total silicon and total nitrogen

Express the resultswith four figures with second decimal place.
b) Others

Express théresults with third decimal place.

Table 1 — Tolerances on analytical values

Unit: % (rpass fraction)

Total Si Total N Al Fe Ca 0 C F Cl
0,15 0,152 0,001c¢ 0,001c¢ 0,001c¢ 0,090 0,020 0,010 0,005
0,35b 0,005d 0,003d 0,012d

a  Acid pressure decomposition-distillation separation-acidimetric titration method.
b Inert gas fusion-thermal conductivity method.
¢ Applicable to the content of less than 0,01 % (mass fraction).

d  Applicable to the content of not less than 0,01 % (mass fraction).
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14 Testreport

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

a)
b)
‘)
d)
e)
f)

24

all infor

mation necessary for the identification of the sample, the laboratory and the date of test;

areference to this International Standard (i.e. ISO 17947);

the method used, by reference to this International Standard;

the results, and the form in which they are expressed;

any uny

any ope
have inf

sual features noted during the test;

ration not specified in this International Standard, or any optional operation which might
luenced the results.
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ISO 17947:2014(E)
Annex A
(informative)

List of commercial certified reference materials

[1] ERM-ED 101 “silicon nitride powder” from BAM
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ISO 17947:2014(E)

Annex B
(informative)

Analytical results obtained from a round robin test

A round robin test was carried out to validate “JIS R 1603. Three certified reference materials of SizN4
(JCRM R 003,004 and 005 supplied by The Ceramic Society of Japan) were analysed by expertlaboratories

in Japan. Anplytical results obtained from the test are given in Tables B.1 to B.4.
Table B.1 — Analytical results of JCRM R 003 for major and minor elements in % (mass fraction)
No. Lab. T.Si T.N Al Fe Ca O (
1 59,48 39,04 0,000 3 0,003 9 0,0001 1,22 0,093
2 59,46 39,05 0,0001 0,0040| <0,000.1 1,27 0,104
! A mean 59,47 39,05 0,000 2 0,004 0 0,000 1 1,27 D,099
R 0,02 0,01 0,000 2 0,000 1 0,05 0,011
1 59,54 39,10 <0,002 0,0043) <0,0005 1,26
2 59,59 39,09 <0,002 0,004 4| <0,0005 1,27
2 B mean 59,57 39,10 0,004 4 1,27
R 0,05 0,01 0,0001 0,01
1 59,33 38,88 <0;003 0,0046| <0,0001 0,103
2 59,34 38,83 <0,003 0,0041| <0,0001 D,096
: ¢ mean 59,34 38,86 0,004 4 0,100
R 0,01 0,05 0,0005 0,007
1 59,70 39,26 0,004 6
2 59,71 39,18 0,004 4
+ P mean 59,71 39,22 0,004 5
R 0,01 0,08 0,000 2
1 59,37 39,04 <0,001 0,005 4 0,001 0
2 59,30 39,04 <0,001 0,003 2 0,0015
° : mean 59,34 39,04 0,004 3 0,001 3
R 0,07 0,00 0,002 2 0,000 5
1 59,64 38,95 <0,001 0,0041 0,000 2 1,31 0,087
2 59,74 38,90 <0,001 0,003 8 0,000 2 1,29 0,083
0 . mean 59,69 38,93 0,004 0 0,000 2 1,30 0,085
R 0,10 0,05 0,000 3 0,0000 0,02 0,004
1 59,62 38,75| <0,0001 0,0046| <0,0005 0,084
2 59,46 38,68 0,0001 0,0048| <0,0005 0,092
7 G mean 59,54 38,72 0,004 7 0,088
R 0,16 0,07 0,000 2 0,008
1 59,53 39,13| <0,0005 0,003 7 0,0008 1,18 0,087
2 59,54 39,10 <0,0005 0,004 0 0,001 2 1,26 0,099
8 " mean 59,54 39,12 0,003 9 0,001 0 1,22 0,093
R 0,01 0,03 0,000 3 0,000 4 0,08 0,012
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