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Foreword

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

1 Scope

This
the ]

This
copp
tung
nitri
CyD
spec
deco
sepa
boro

document specifies methods for the chemical analysis of fine aluminium nitride paw
hw material for fine ceramics.

document stipulates the determination methods of the aluminium, total nitrogen, bor
er, iron, magnesium, manganese, molybdenum, nickel, potassium, silicon, sodiuy
cten, vanadium, zinc, zirconium, carbon, chlorine, fluorine, and oxygen:contents in
e powders. The aluminium content is determined by using either ansacid pressure ded
'A-zinc back titration method or an acid digestion-inductively coupled plasma-optig
f'rometry (ICP-OES) method. The total nitrogen content is detetniined by using an a
mposition-distillation separation-acidimetric titration method, @ direct decompositior
Fation-acidimetric titration method, or an inert gas fusion-thermal conductivity 1
h, calcium, copper, iron, magnesium, manganese, molybdenum, nickel, potassi

lers used as

on, calcium,
n, titanium,
aluminium
omposition-
al emission
'id pressure
-distillation
nethod. The
um, silicon,

sodiym, titanium, tungsten, vanadium and zinc contents are determined by using an acid digestion-

ICP-(
contg
pres
by u
via 3
chlor
chro

2

The
cons
unda

ISO 7
conte

ISO 3
ISO

Normative references

ES method or an acid pressure decomposition-ICP<OES method. The sodium ang
ents are determined via an acid pressure degemposition-flame emission method
bure decomposition-atomic absorption spectremetry method. The oxygen content is
bing an inert gas fusion-IR absorption spectrometry method, while that of carbon is
combustion-IR absorption spectrometry-method or a combustion-conductometry i
ine and fluorine contents are determinied by using a pyrohydrolysation method foll
matography or spectrophotometry.

following documents are referred to in the text in such a way that some or all of t
fitutes requirements-of-this document. For dated references, only the edition cited
ted references, thedatest edition of the referenced document (including any amendme

828, Aluminiuinyoxide primarily used for the production of aluminium — Determinatio
nt — Alizarin_complexone and lanthanum chloride spectrophotometric method

696, Water for analytical laboratory use — Specification and test methods

B656-1, Refractory products — Sampling of raw materials and unshaped productd

| potassium
or an acid
determined
determined
nethod. The
bwed by ion

heir content
applies. For
hts) applies.

h of fluorine

— Part 1:

Sampling scheme

ISO 21068-3:2008, Chemical analysis of silicon-carbide-containing raw materials and refractory
products — Part 3: Determination of nitrogen, oxygen and metallic and oxidic constituents

ISO 21438-2, Workplace atmospheres — Determination of inorganic acids by ion chromatography —
Part 2: Volatile 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 26845:2008, Chemical analysis of refractories — General requirements for wet chemical analysis,
atomic absorption spectrometry (AAS) and inductively coupled plasma atomic emission spectrometry (ICP-

AES)

© ISO

methods

2019 - All rights reserved


https://standardsiso.com/api/?name=01820e4be995a38149254c0069da1857

ISO 21814:2019(E)

3 Terms and definitions
No terms and definitions are listed in this document.
ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

4 Analytes and ranges

a) Aluminjum (Al), range of 40 % to 70 % (mass fraction).

b) Total nifrogen (T.N), range of 20 % to 40 % (mass fraction).
c) Boron (B), range of 0,001 % to 0,03 % (mass fraction).

d) Calciun (Ca), range of 0,001 % to 0,03 % (mass fraction).

e) Copper[Cu), range of 0,001 % to 0,03 % (mass fraction).

f) Iron (Fg), range of 0,001 % to 0,03 % (mass fraction).

g) Magnesjum (Mg), range of 0,001 % to 0,03 % (mass fraction).
h) Manganese (Mn), range of 0,001 % to 0,03 % (mass fraction).
i) Molybdgnum (Mo), range of 0,001 % to 0,03 % (mass fraetion).
j)  Nickel (Ni), range of 0,001 % to 0,03 % (mass fractien).

k) Potassitim (K), range of 0,001 % to 0,03 % (mass fraction).

1) Silicon (Si), range of 0,001 % to 0,03 % (mass fraction).

m) Sodium|(Na), range of 0,001 % to 0,08.% (mass fraction).

n) Titaniu (Ti), range of 0,001%&0,0,03 % (mass fraction).

0) Tungstdn (W), range of 0,001-% to 0,03 % (mass fraction).

p) Vanadiym (V), range af'0;001 % to 0,03 % (mass fraction).

q) Zinc (Z1), range of' 0,001 % to 0,03 % (mass fraction).

r) Carbon|(C), range of 0,01 % to 6 % (mass fraction).

s) Chloring {€1), range of 0,001 % to 0,5 % (mass fraction).

t) Fluorine (F), range of 0,001 % to 0,2 % (mass fraction).

u) Oxygen (0), range of 0,05 % to 5 % (mass fraction).

5 Preparation of the test sample

5.1 General

The sample preparation method shall be in accordance with ISO 8656-1, unless otherwise mutually
agreed upon by the analyser and customer.

2 © IS0 2019 - All rights reserved
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Sampling

The sample shall be collected in accordance with ISO 8656-1.

5.3

Drying

Place 10 g sample into a flat-type weighing bottle (60 mm x 30 mm) and spread it uniformly over the
bottom of the bottle. Place the bottle in an air bath at 110 °C + 5 °C for 2 h, uncovered, and cool in a
desiccator (desiccant: magnesium perchlorate), covered, for 1 h.

5.4

Weigh the sample to the nearest 0,1 mg of the required quantity using a balance.

6 1

6.1
Anal

6.2

Upor

6.3
Whe

the average value shall be reported. When the difference between the two analytical values

Weiching
O (=]

Reporting the analytical values

Number of analyses

yse the sample twice on different days.

Blank test

analysis, perform a blank test to correct the measured-values.

Evaluation of the analytical values

h the difference between the two analyticalévalues does not exceed the tolerance val

he (Table 1),
exceeds the

tolerpnce value, perform two additional analyses. When the difference of these further two analyses
does|not exceed the tolerance value, the(average value thereof shall be reported. If the diffference also
excegds the tolerance value, the median*of four analytical values shall be reported.
6.4 | Expression of the analytical values
The analytical values shallhe presented in % (mass fraction), in dryness.
a) Aluminium, totalnitrogen, and oxygen: express the results in four figures to two decimal places.
b) Others: expréss'the results to three decimal places.
Table 1 — Tolerances for the analytical values
Units: % (rpass fraction)
S5t Fi;, Fe; €a, Mg Vo Mo, W€y,
Component Al Total N Ni.Zn, Mn, B, Na, K, F, Cl 0 C
0,202 0,20¢ 0,001e
Tolerance 0,05 0,005
0,30b 0,40d 0,005f

I

Acid pressure decomposition-CyDTA-zinc back titration method.
Acid decomposition-ICP-OES method.

Acid pressure decomposition (or direct decomposition)-distillation separation-acidimetric titration method.

nert gas fusion-thermal conductivity method.

Applicable to content of less than 0,01 % (mass fraction).

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

© ISO
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7 Determination of the aluminium content

7.1 Classification of the determination methods

Method A, acid decomposition-ICP-OES method.

Method B, acid pressure decomposition-CyDTA-zinc back titration method.

If analytical results with four significant figures are required, use method B; if two or three significant
figures are required, method A can be used.

7.2 Acid

7.2.1 Principle

A portion of
to the requi
by ICP-OES

7.2.2 Reagents

Reagents of

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

7.2.2.2 Sulfuric acid (1+9, 1+180).

7.2.2.3 Hydrochloric acid (1+1, 1+3).

7.2.2.4 Alpminium stock solution (Al 10 mg/ml).

Wash the syrface of the aluminium (more than 99,999 % purity by mass fraction) with a hydroch
acid solution (1+3). Wash the oxidisedslayer with water, ethanol (99,5 %), and diethyl ether. Dr
aluminium jn a desiccator (desiccant:magnesium perchlorate). Weigh 5 g aluminium in a PTFE bg
and cover with a PTFE watch glass."*Add 50 ml hydrochloric acid solution (1+1) and heat to dissolj
a steam bath. After cooling, transfer the solution to a 500 ml volumetric flask, dilute with water t
mark and mIX well.

NOTE The SI traceabl€ ¢commercial standard solution is also available.

7.2.2.5 Alpminium'standard solution (Al 1 mg/ml).

Place 10 ml pluminium stock solution (7.2.2.4) in a 100 ml plastic volumetric flask. Dilute with sul

lecomposition-ICP-OES method

'ed volume, the emission intensity of the aluminium present in the test solution is meag
it one or more of the wavelengths: 396,15 nm, 309,28 nm and 394,40 im.

analytical grade shall be used. Reagent solutions shall bepréserved in plastic bottles.

the sample is decomposed in water, sulfuric acid, and hydrogen peroxideAfter making up

ured

loric
y the
aker
e on
o the

furic

acid (1+180

tothe mark-and-mix-well.

7.2.3 Apparatus and instruments

Use ordinary laboratory apparatus and instruments for the chemical analyses in accordance with
SO 26845:2008, Clause 4.

7.2.3.1

ICP-OES.

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=01820e4be995a38149254c0069da1857

IS0 21814:2019(E)

7.2.4 Procedure

7.2.4.1 Sample decomposition

Weigh 0,30 g test sample and transfer it into a 250 ml beaker. Add 15 ml water, 20 ml sulfuric acid,
and 10 ml hydrogen peroxide. Covering the beaker with a watch glass and heat at 280 °C until the test
sample has been completely dissolved. After cooling, transfer the solution to a 500 ml volumetric flask,
dilute with water to the mark and mix well.

NOTE If the test sample is not completely dissolved, add a little more hydrogen peroxide and continue
heating to dissolve the sample. Alternatively, you may apply the acid pressure decomposition method (7.3).

7.2.4.2 Measurement

Trangfer a 10 ml aliquot of the stock solution to a 100 ml volumetric flask, dilute-Wwith yater to the
marl and mix well. Spray a portion of the test solution into the flame of the, IEP-OES and measure
the gmission intensity for aluminium at one or more of the wavelengths: 396,15 nm, 309,28 nm and
394,40 nm.

7.2.3 Blank test

Perform the operation described in 7.2.4 without taking a sampleto obtain the blank test value.

7.2.4 Drawing of the calibration curve

Trangfer 0 ml, 1 ml, 2 ml, 3 ml, 4 ml, and 5 ml aliquets of the aluminium standard solutjon (7.2.2.5)
separately to six 100 ml volumetric flasks. To each*flask add 10 ml sulfuric acid (1+10), dilute with
water to the mark and mix well.

Spray a portion of each solution into the flame of the ICP-OES and measure the emission Intensity for
aluminium at one or more of wavelengths; 396,15 nm, 309,28 nm and 394,40 nm. Interferences may be
encopntered. Carefully choose the optiiuwm wavelength that is free from concomitants.

7.2.71 Calculation

Detefmine the concentration of the aluminium in the test solution and blank from the calibiation curve.
Calcylate the aluminium ¢ontent, Al, expressed as a percent mass fraction, from Formula (1]).

Al= [(A-Ag) /m#]x500/10x100 (1)

wherte

Al « isthe aluminium content, in % (mass fraction);

Liysnini s o

ietha oo £ o nithaot + Taabioas 100 o
TSTC T S S OTdrotratT i ettt STSOTa ot 11 g,

Ao  is the mass of aluminium in the blank solution, in g;

m is the mass of the sample, in g.
7.3 Acid pressure decomposition-CyDTA-zinc back titration method

7.3.1 Principle

A sample is pressure-decomposed with sulfuric acid in a decomposition vessel, to which excess CyDTA
solution is added. After adjusting the pH with hexamethylenetetramine, the solution is titrated with a
zinc standard solution using xylenol orange as an indicator.

© IS0 2019 - All rights reserved 5
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7.3.2 Reagents

Reagents of analytical grade shall be used. The reagent solutions shall be preserved in plastic bottles.
Use the reagents described in 7.2.2 together with the following:

7.3.2.1 Hexamethylenetetramine solution (200 g/1).

7322 Cy

DTA solution (0,02 mol/I).

Add 16 ml sodium hydroxide solution (100 g/1) and 300 ml water to 7,3 g cyclohexanediaminetetraacetic
acid (hydrate) and heat until dissolved. After cooling, transfer the solution to a 1 000 ml volu

etric

flask, dilute

7.3.2.3 Zi)

with water to the mark and mix well.

hc standard solution (0,02 mol/l1).

7.3.2.4 Xyllenol orange solution (1 g/1).

7.3.2.5 Sulfuric acid (1+2).

7.3.3 App

Use ordinaj
ISO 26845:2

7.3.3.1 Pl

7.3.3.2 Pr
be used.

An example
contaminati

aratus and instruments

y laboratory apparatus and instruments for the chemical analyses in accordance
008, Clause 4.

htinum crucible (20 ml).

essure decomposition vessel, in general a*commercial pressure decomposition vesse

is presented in Figure 1. Use thé€,vessels exclusively for this analysis to avoid ¢
on.

with

may

r0Sss-
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dentre screw
dcrew cap
top plate
FTFE cap
gylinder
PTFE bottle
Bottom plate

N O U W e

\

Ry

%

Figure 1 — Example of a sealed decomposition vessel
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7.3.3.3 Air bath, capable of heating at 200 °C + 5 °C.

7.3.4 Procedure

7.3.4.1 Sa

mple decomposition

Weigh 0,75 g sample in a platinum crucible and add 15 ml sulfuric acid (1+2). Place the crucible into a
pressure decomposition vessel and close according to the manufacturer 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 heat at 200 °C £ 5 °C for 16 h. Acid pressure decomposition under microwave

irradiation ¢an-alse-beperformed-ifavailable-

After coolin
transfer the
(PTFE) bott
to the 100 nf
volumetric f

7342 Cy

Precisely m
flask. Dilutg
beaker and
(200 g/1) tg
xylenol oraf
endpoint is
yellow to re

7.3.5 Blal

Perform the

g, disassemble the vessel. Use plastic tweezers to take out the platinum crueible
solution to a 100 ml plastic beaker. Wash the platinum crucible, polytetrafluoroeth)
le, and plastic tweezers with 5 ml hydrochloric acid (1+1) and warm water. Next, add v
1| plastic beaker to cool the solution to room temperature. Transfer the solution to a 1(
lask, dilute with water to the mark and mix well.

DTA-zinc back titration

pasure 20 ml sample solution prepared in 7.3.4.1 and placednto’a 250 ml glass volum
with water to the mark and mix well. Pour 50 ml from €his solution into a 300 ml
add 50 ml of 0,02 mol/I CyDTA solution. Next, add the hexamethylene tetramine sol
attain pH in the range 5,5 to 5,8 (measured with a\pH meter). Add three or four ¢
ge solution as an indicator and titrate with the 0,02 'mol/1 zinc standard solution unt
reached. The endpoint shall be considered thepoint at which the solution changes
1. Record the volume of the titrant at this point.

nk test

operation described in 7.3.4 withoutfaking a sample to obtain the blank test value.

and
ylene
vater
0 ml

etric
class
1ition
rops
| the
from

(2)

7.3.6 Calg¢ulation
Calculate the aluminium content in the.sample according to Formula (2).
Al= [(¥; =V,)x0,0005396F | /(mx20/100x50/250)x100
where
Al  is the aluminium content in the sample, in % (mass fraction);
V1 is the‘integral value of the sample;
Vo isintegral value of the blank test;
F  isthe factor of the 0,02 mol/I zinc standard solution;
m  is the mass of the sample, in g.

8 Determination of the total nitrogen content

8.1 Classification of the determination methods

Method A, acid pressure decomposition-distillation separation-acidimetric titration method.

Method B, d

8

irect decomposition-distillation separation-acidimetric titration method.
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Method C, inert gas fusion-thermal conductivity method.

If analytical results with four figures are required, use method A or B. If two figures are required,
method C can be used.

8.2 Acid pressure decomposition-distillation separation-acidimetric titration method

8.2.1 Principle

The sample is decomposed in a pressure decomp051t10n Vessel w1th sulfuric acid to convert the total
ansferre a lium hydroxide is

adde(d. Steam dlstlllatlon is then performed The dlstllled ammonia is mlxed w1th a knowhn amount of

amidosulfuric acid and the excess acid is back-titrated with a standardised sodium hydroexide solution.

8.2.27 Reagents

Reagents of analytical grade shall be used. Reagent solutions shall be preserved in plastic bottles.
8.2.2.1 Water, grade 1 or superior as specified in ISO 3696.
8.2.2.2 Sodium hydroxide solution (500 g/1), prepared by dissolving sodium hydroxide in water.

8.2.2.3 Ammonium sulfate, of more than 99,5 % purity (mass fraction).

Amnponium sulfate (more than 99,5 % purity, mass frac¢tion) shall be dried for 3 h at 110 °Q £ 5 °C, then
coolgd down to room temperature in a desiccator (desiccant: magnesium perchlorate).

8.2.2.4 Amidosulfuric acid, of more than 99;0 % purity (mass fraction).

8.2.2.5 0,1 mol/l amidosulfuric acid(solution, shall be prepared by weighing 10,0 g amidosulfuric
acid and dissolving it in water to make' up a volume of 1 000 ml. Calculate the factor of this solution

according to Formula (3).
F=mxP/(9,7095x100) (3)

wherte

F  is the faeforof the 0,1 mol/l amidosulfuric acid solution;
m is théunass of amidofulfuric acid, in g;

P As'the purity of amidosulfuric acid, in % (mass fraction).

8.2.2.6 0,1 mol/l sodium hydroxide solution, shall be prepared by dissolving sodium hydroxide in
water in accordance with ISO 21068-3:2008, 5.2.2.8. Take exactly 50 ml of the 0,1 mol/l amidosulfuric
acid solution in a 200 ml beaker and add 50 ml water. Titrate this solution with 0,1 mol/l sodium
hydroxide solution. Measure the pH with a pH meter and record the volume of the titrant at the endpoint.
The endpoint shall be considered as pH 5,5. Calculate the factor of this solution according to Formula (4).

F; =Fx50,00/V 4)

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

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

V'  is the titration volume of the 0,1 mol/l sodium hydroxide solution, in ml.

8.2.3 App

aratus

Use ordinary laboratory apparatus for the chemical analyses together with the following:

8.2.3.1 Steam distillation apparatus, comprises the components listed below. An pqup]p f the

apparatus i
ground joinf

s and fixed by springs or clamps.

illustrated in Figure 2. Each component shall be made of hard glass coupled by common

10
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Dimensions in mm
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228

\mz

14

Key

1 funnel

2 ball joint

3 Dumet wire

4 unnel with stopcock

5 rubber tube

6 13 to 15 coils

7 tkmall holes

8 blectric heater

9 Connection of rubber tube with pinchcock
10 jack

11 flask (2,51) for generation of steam
12 trap (500 m])

13 pphere and tube

14 distillatien flask (750 ml)

15 (iraham condenser

16 recetver

Figure 2 — Example of the steam distillation apparatus

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

8.2.3.3 Trap, the bottom of a bulb shall be connected to a rubber tube with a pinchcock for a drain. The
tip of the steam leading-out tube shall have several small holes.
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8.2.3.4 Bulb, equipped with, for example, a steam leading-in tube, funnel and stopcock, and splash-
proof trap. The steam leading-in tube shall be cut in the middle, enabling the exchange of the tip by
connecting to a rubber tube.

Distillation flask (750 ml).
Coiled condenser.

Receiver, a tall 300 ml beaker shall be used.

8.2.3.5
8.2.3.6
8.2.3.7
8.2.3.8 pH
8.2.4 Pro
8.2.4.1 Py

Precisely m|
Assemble th
solution to
sodium hyd
with water,

8.2.4.2 St

Perform th
the distillat
condenser 4
roughly. Wa|
into the rect

8.2.4.3 Titration

Titrate the
record the v

8.2.5 Rec

Weigh 1,210
followed by

R=[(5

[ meter, readable to the smallest value of 0,1 and equipped with a glass electrode.
cedure

eparation for the steam distillation

easure 20 ml of sample solution obtained in 7.3.4.1 and place jinto a distillation f
le steam distillation apparatus and precisely add 50 ml of 0,1 ‘mel/l amidosulfuric
he receiver. Fix the coiled condenser so that its tip is immersedin the solution. Pour j
Foxide solution (500 g/1) through the funnel of the distillation flask. By washing the fy
make up the solution volume about 150 ml and then closesthe funnel stopcock.

eam distillation

b steam distillation by heating the steam géneration flask to generate steam.
e in the receiver reaches about 170 ml, loweitt'the receiver to expose the tip of the ¢
bove the liquid surface and continue the distillation until 200 ml distillate is coll¢
sh the exterior of the tip with a small amount of water. The washing water shall be pg
iver.

olume of the titrant at the;endpoint. The endpoint shall be considered as pH 5,5.

pvery measurement

7.3.4.1. Calculate the recovery from Formula (5). The recovery shall be not less than 99

D,00xF)=(V xFy ) |x0,0014007 /(mx0,2120)x 100

listillate with 0,1 mol/] seditm hydroxide solution. Measure the pH with a pH meter

lask.
acid
0 ml
innel

Vhen
oiled
pcted
ured

and

g ammoniumsulfate in a 20 ml platinum crucible. Perform the operation according to

where

is

is

is

is

is

12

recovery, in %;

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

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

the amount of ammonium sulfate taken into a distillation flask, in g.
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8.2.6 Calculation

Calculate the total nitrogen content in the sample according to Formula (6).

T.N={[(50,00xF)~(V xF; )]x(0,0014007x100/R)} / mx100 6)

where

T.N is the total nitrogen content in the sample, in % (mass fraction);

E isthe factorofthe 01 mn]l/] amidosulfuric acid cn]nh'nn;

is the titration volume of the 0,1 mol/I sodium hydroxide solution, in ml;
1 isthe factor of the 0,1 mol/l sodium hydroxide solution;
is the recovery, in %j;

m  is the amount of the test sample taken into a distillation flask;in-g.
8.3 | Direct decomposition-distillation separation-acidimetric titration method

8.3.1 Principle

Sodifim hydroxide solution is added to the sample and.thermal decomposition and steanm distillation
are performed. The distilled ammonia is then mixed-with amidosulfuric acid solution.|Finally, the
excess acid solution is titrated with a sodium hydrexide solution.

8.3.7 Reagents

Use the reagents described in 8.2.2. Reagents of analytical grade shall be used. Reagent solutions shall
be preserved in plastic bottles.

8.3.3 Apparatus

Use tlhe apparatus described'in 8.2.3. Use ordinary laboratory apparatus for the chemical ahalyses.

8.3.4 Procedure

Placg¢ 0,15 g sample-into a distillation flask and follow the procedure described in 8.2.4.

8.3.3 Recovery measurement

bed in 8.2.4.

Plac¢ 0,240 g ammonium sulfate into a dry distillation flask and follow the procedure descr
Calc e te TEeCOVery according to Formulat o). 1 1€ recovery sinaii be notie Tam 99 97%:

8.3.6 Calculation

Calculate the total nitrogen content in the test sample according to Formula (6).
8.4 Inert gas fusion-thermal conductivity method

8.4.1 Principle

A sample is fused with a flux in a graphite crucible under inert gas flow to extract nitrogen and other
gases from it. The elemental nitrogen content is determined using a thermal conductivity detector after
the removal of concomitants such as carbon monoxide, carbon dioxide, other gases, and moisture.
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8.4.2 Reagents

The reagents can vary substantially for different instruments; however, in all cases, the reagents
specified by the instrument manufacturer shall be used. The reagents shall be the following:

8.4.2.1 Helium, of more than 99,99 % purity (volume fraction).

8.4.2.2 Flux, in shot or basket form made of tin or nickel.Use a combination of metals different from

that of the capsule.

84.2.3 B
subsequentl

)
cooled in a desiccator (desiccant: magnesium perchlorate) before use.

NOTE Silicon CRM can also be used.

8.4.3 Apparatus

8.4.3.1 Calpsule, made of nickel or tin, designated for each apparatus.

8.4.3.2 Graphite crucible, suitable for use in an impulse furnace. Examples are presented in Figy

Dimensions i

16

20

$12,6 o1
$10,0 P16
| |
| |

o | |
| . |

\ | \\|/ B

| - ~
. <
i 5
p64

Figure 3 — Examples of a graphite crucible

and

=
D
(O8]

n mm

8.4.4 Instrument

A commercial nitrogen analyser may be used for the determination of nitrogen. It usually comprises an
inert gas refiner, gas extractor, extracted gas refiner, and nitrogen detector. Figure 4 is a block diagram
of such an instrument.

14
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O

elium supplier
ygen trap with electric heater
cprbon dioxide trap
ehydration tube

ust collector
xidation tube with electric heater

laslile)

1

2

3

4

5 impulse furnace
6

7

8 hermal conductivity detector
9

[o—

R spectrometer for oxygen determination (optional)

NOTH Each instrument has its own unique design characteristics and operational requirement

g

Figure 4 — Block diagram of the inert gas'fusion-thermal conductivity methiod

8.4.4.1 Inert gas refiner, comprises, forCexample, a deoxidation tube (reduced copper) with an
electfic furnace, a carbon dioxide absorption tube (sodium hydroxide shots), and a dehygration tube
(magnesium perchlorate). A denitrification tube (sponge titanium) is attached in some instrpments.

8.4.4.2 Gas extractor, comprising, for example, a sample feeder and impulse furnace.|The sample
feedé¢r can place the sample-embedded capsule into the graphite crucible in the impulse f%ﬁ\nace under

inert] gas flow. The impulse\fiurnace shall be capable of attaining about 3 000 °C. The upper water-
coolgd copper electrode.is_fixed, whereas the lower electrode moves vertically. The graphite crucible is
sandwiched between beth electrodes.

8.4.4.3 Extracted gas refiner, consisting of, for example, a dust collecting tube (glass wool), carbon
dioxide absorption tube (sodium hydroxide shots), oxidation tube with an electric furnace, and a
dehydration-tube (magnesium perchlorate).

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

NOTE Other commercial instruments for nitrogen analysis are available. Each has its own unique design
characteristics and operational requirements. Operation details can be found in the instrument manufacturer's
instruction manual.

8.4.5 Procedure

8.4.5.1 Starting up of the instrument

Switch on the instrument and set the controls to the specified values in accordance with the
manufacturer instructions for operation. Wait until it becomes stable.
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8.4.5.2 Preliminary heating

Set a new graphite crucible to the specified position of the impulse furnace. Flow the inert gas and then
turn on the furnace. Heat the graphite crucible to the degassing temperature for the specified period
and subsequently, to the gas extraction temperature. The temperature adjustment of the graphite
crucible is achieved by adjusting the electrical current, voltage or power. The relationship between the
temperature and current/voltage must be determined before the equipment is used.

Read the integration meter (hereafter referred to as “integral value”). Repeat degassing and gas
extraction steps until a stable integral value is obtained.

8.4.5.3 D¢

Measure thd
position of

Place the c4d
graphite cry
crucible and

temperatur¢.

8454 M

Place the s
sample at th|
gas extracti
(8.4.2.3).

NOTE B
steps describ

8.4.6 Blal

Perform the
this operati

8.4.7 Cald

A nitrogen-
reference m
calibration.
according td

K= (m

Pgassing ol the graphite crucible

e specified amount of bath metal into a new graphite crucible and place it at the speq
he impulse furnace. Weigh 0,02 g to 0,04 g sample in a capsule and enclose it using a jig

psule at the specified position of the sample blower. Feed the inert gas and energiz
cible. Heat it at the degassing temperature for the specified period and|degas the gra
| bath metal. The degassing temperature shall be 100 °C higher than the gas extra

h

pasuring

e gas extraction temperature for the specified period-Read the integral value. The opti
hg temperature shall be determined beforehand byyusing a CRM of known nitrogen co

cause the commercial instruments for analysing nitrogen might be fully automated, many
ed above can be carried out without the needof any operator intervention.

nk test

operation described in 8.4.5 without taking a sample to obtain the blank test value. R¢
bn three to five times and calculate the average value.

ulation of the calibration coefficient

LRM of known content shall be used. Some boron nitride powder (or silicon nitride poy
aterials are also, available. Perform the operation described in 8.4.5, using the samp
Average the Valies from three to five measurements and calculate the calibration coeffi

Formula+X]-
KT.NY100) /(A1 —Ag)

ified

e the

phite
ction

mple-embedded capsule into the graphite crucible. Energise the crucible, and heaf the

mum
ntent

f the

bpeat

vder)
e for
cient

(7)

where

K is

m is
is
is

is

16

the calibration coefficient, in g/integral value;

the mass of the sample for calibration, in g;

the total nitrogen content in the sample for calibration, in % (mass fraction);
the integral value of the sample for calibration;

the integral value of the blank test.
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8.4.8 Calculation
Calculate the total nitrogen content in the sample according to Formula (8).

T.N= (A;—Ay)xK /mx100 (8)

where

T.N is the total nitrogen content in the sample, in % (mass fraction);

2 istheintegral value of the sample;

Ao  isthe integral value of the blank test;
K is the calibration coefficient, in g/integral value;

m is the mass of the sample, in g.
NOTH Some commercial instruments can calculate the blank test value.)In this case, the calibration

coefficient and the total nitrogen content are calculated automatically.

9 Determination of the sodium and potassium contents

9.1 | Classification of the determination methods
MetHod A, acid pressure decomposition-flame emission method.
MetHod B, acid pressure decomposition-atomic.absorption method.

NOTH The sodium and potassium contents.€an be simultaneously determined with those of tHe other trace
elem¢nts by using the methods described in €lause 10.

9.2 | Acid pressure decomposition-flame emission method

9.2.1 Principle

The $odium and potassium/contents are measured by flame emission spectrometry, using the sample
solutlion obtained in Z3.4<1.

9.2.2 Reagents

Reagents of-analytical grade shall be used. Reagent solutions shall be preserved in plastic|bottles. Use
the reagents described in 7.2.2 as well as the following:

9.2.2.T Ammonia solution (T+1J.

9.2.2.2 Cobalt solution (0,5 g/100 ml).

Weigh 0,500 g cobalt (more than 99,9 % purity by mass fraction) in a quartz beaker and cover with a
quartz watch glass. Add 50 ml sulfuric acid (1+9) and heat to dissolve on a heater. After cooling, transfer
the solution to a 100 ml plastic volumetric flask, dilute with water to the mark and mix well.

9.2.2.3 Aluminium solution (4,93 g/500 ml) for matrix compensation

Wash the surface of the aluminium (more than 99,999 % purity by mass fraction) with hydrochloric
acid solution (1+3). Wash the oxidised layer with water, ethanol (99,5 %), and diethyl ether. Dry the
aluminium in a desiccator (desiccant: magnesium perchlorate). Weigh 4,93 g aluminium in a PTFE
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beaker and cover with a PTFE watch glass. Add 100 ml sulfuric acid solution (1+1), 50 ml water, 50 ml
hydrochloric acid, and 6,0 ml cobalt solution. Heat to dissolve on a steam bath. After cooling, transfer
the solution to a 500 ml volumetric flask, dilute with water to the mark and mix well.

9.2.2.4 Sodium standard solution (Na 1 mg/ml).
9.2.2.5 Potassium standard solution (K 1 mg/ml).

9.2.2.6 Mixed standard solution (Na, K: 50 mg/l1), place 5 ml each of sodium (9.2.2.4) and potassium
standard solutions (9.2.2.5) in a 100 ml plastic volumetric flask. Dilute with sulfuric acid (1+180) to the
mark and nfix it well. Attention shall be paid to ensure that no precipitation occurs during the mixing.
This standaid solution shall be freshly prepared before use.

1ition
vell.

9.2.2.7 Wavelength adjustment solution (Na, K: 5 mg/l), place 10 ml mixed standard sol
(9.2.2.6) in 4 100 ml plastic volumetric flask. Dilute with sulfuric acid (1+180) to the mark'and mix

9.2.3 Instruments

9.2.3.1 Flame emission spectrometer.
9.2.4 Pro

cedure

9.2.4.1 Adjustment of the flame photometer

5sion
ro.

Felength adjustment solution (9.2.2.7) in the flame, and adjust it to its highest emi
89,0 nm (Na) or 766,5 nm (K)]. Subsequentlyyspray water to adjust the indication to ze

Spray a way
intensity [5

9.2.4.2 Mgpgasurement of the flame emission intensity

Spray the so
589,0 nm or

lution prepared from 7.3.4.1 intothe flame and measure the emission intensity of sodiym at
potassium at 766,5 nm.

9.2.5 Blank test

Perform the d the

results.

operation described.in 9.2.4.2 using the blank test solution obtained in 7.3.5. Recor

9.2.6 Drawing of the ealibration curve

Pour 50 ml
plastic volu

i luminiu solution (9.2.2.3) and 2,6 ml ammonia solution (1+1) separately into five 1(
metricflasks. Add 0 ml, 1 ml, 2 ml, 3 ml, 4 ml, and 5 ml of the mixed standard sol

(9.2.2.6) ste

0 ml
1ition
1ition

pwise and precisely. Dilute with sulfuric acid (1+180) to the mark and mix each sol

well. These

1 11 1 | x RPN | 1:1 ) h D RN | ) | )
SIIAIT DT UTSIZgHALTU 45 CAllUT dUIUIT TUIrve SUTULIUILS. REPTAU LT UPTT AULIUILS UTSLITU

d in

9.2.4.2, using the calibration curve solutions. Translate a correlation curve of the emission intensity and
amount of sodium added and construct a calibration curve that runs through the origin point.

9.2.7 Calculation

Determine the amount of sodium from the emission intensity measured in 9.2.4.2 and the calibration
curve obtained in 9.2.6. Calculate the percentage content of sodium or potassium in the sample

according to Formula (9).

W,

1

where

18

= (m;—my)/mx100

(9)
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W; is the each element content, in %(mass fraction);

m; is the mass of each element in the test solution, in g;

my is the mass of each element in the blank solution, in g;

m is the mass of the test portion, in g.

9.3

Acid pressure decomposition-atomic absorption spectrometry method

9.3.

Sodit
obta

9.3.2

Reag
9.3.3
9.3.3

9.3.4

To m|
pota

9.3.5

Perfd
resu

9.3.4

Use ]
and {
acal

9.3.7

Dyrnncoinla
T T IaCrprc

im and potassium are measured by atomic absorption spectrometry using the-sam
ned in 7.3.4.1.

Reagents

ents of analytical grade shall be used. Reagent solutions shall be preserved in plastic b
Instruments
.1 Atomic absorption spectrometry.

Procedure

easure the absorbance of sodium or potassium, use a hollow cathode lamp designed fq
ssium analysis to spray the sample solution gbtained in 7.3.4.1.

Blank test

rm the operation described in 9:34 using the blank test solution obtained in 7.3.5
ts.

Drawing of the calibration curve

he calibration curve solutions obtained in 9.2.6 to measure the atomic absorption in 9.
ranslate a correlation curve of the absorbance and amount of sodium or potassium adg
bration curvethat runs through the origin point.

Calculation

calibration curve obtained in 9.3.6. Calculate the percentage content of sodium or potag

ple solution

ottles.

r sodium or

Record the

3.4. Prepare
ed to create

.3.4 and the
sium in the

AA A Eormala (ON)

sam

Reco‘fd theramount of sodium or potassium from the absorption intensity measured in 9

ding ta ]
IC AaclyuUl ullls CU'LI UL IITUIA ' Z !-

10 Determination of the trace element contents

10.1 Classification of the determination methods

Method A, acid decomposition-ICP-OES method.

Method B, acid pressure decomposition-ICP-OES method.

© ISO

2019 - All rights reserved

19


https://standardsiso.com/api/?name=01820e4be995a38149254c0069da1857

ISO 21814:2019(E)

10.2 Acid decomposition-ICP-OES method

10.2.1 Principle
To prepare the test solution, the sample is decomposed in sulfuric acid and hydrogen peroxide. Boron,

calcium, copper, iron, magnesium, manganese, molybdenum, nickel, potassium, silicon, sodium,
titanium, tungsten, vanadium, and zinc are determined by ICP-OES at the selected wavelength.

10.2.2 Reagents

Use the reagents described in 7.2.2 as well as the following:

10.2.2.1 Alpminium solution (4,93 g/500 ml), according to 9.2.2.3.
10.2.2.2 Ammonia solution (1+1).

10.2.2.3 Elemental standard solutions.

— Boron standard solution (B 1 mg/ml).

— Calciun] standard solution (Ca 1 mg/ml).

— Copper standard solution (Cu 1 mg/ml).

— Iron standard solution (Fe 1 mg/ml).

— Magnesjum standard solution (Mg 1 mg/ml).
— Mangarlese standard solution (Mn 1 mg/ml).
— Molybdenum standard solution (Mo 1 mg/ml).
— Nickel standard solution (Ni 1 mg/ml).

— Potassiiim standard solution (K 1 mgy/ml).
— Silicon §tandard solution (Si 1 mg/ml).

— Sodium|standard solution (Na’l mg/ml).

— Titaniufn standard soltition (Ti 1 mg/ml).

— Tungstdn standard\solution (W 1 mg/ml).

— Vanadiym standard solution (V 1 mg/ml).

— Zinc standard solution (Zn 1 mg/ml).

NOTE The SI traceable commercial standard solutions are available.

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

Place 5 ml each of the solutions prepared from 10.2.2.3 in a 100 ml plastic volumetric flask. Dilute with
sulfuric acid (1+180) to the mark and mix well. Attention shall be paid to ensure that no precipitation
occurs during mixing. The solution shall be freshly prepared before use.

10.2.3 Apparatus and instruments

Use the apparatus and instruments described in 7.2.3.
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10.2.4 Procedure

10.2.4.1 Sample decomposition

Weigh 0,30 g test sample and transfer it into a 250 ml beaker. Add 15 ml water, 20 ml sulfuric acid,
and 10 ml hydrogen peroxide. Covering the beaker with a watch glass and heat at 280 °C until the test
sample has been completely dissolved. After cooling, transfer the solution to a 100 ml volumetric flask,
dilute with water to the mark and mix well. This solution is designated as the test solution.

10.2.4.2 Measurement

Spray a portion of the test solution into the flame of the ICP-OES and measure the emission intensity
at an| appropriate wavelength (Table 2). Interferences may be encountered. Thus, carefully choose the
optithum wavelength that is free from the concomitants.
Table 2 — Examples of the analytical wavelength for each,elementa
Wavelength 1 Wavelength|2
Element
nm nm
B 249,77 —
Ca 317,93 393,37
Cu 327,40 324,75
Fe 238,20 259,94
Mg 285,21 279,55
Mn 257,61 259,37
Mo 202,03 —
Ni 231,60 221,65
K 766,49 —
Si 251,61 212,41
Na 589,69 588,95
Ti 33494 336,12
w 207,91 —
\ 290,88 292,40
Zn 213,856 206,200
a  (onsidering the spectral interferences and the sensitivities, choose the higher-order spectral lines if avajlable.
10.2}5 Blanktest
Perf@rm‘the operation described in 10.2.4 without taking a sample to obtain the blank testvalue.

10.2.6 Drawing of the calibration curve

Pour 50 ml aluminium solution (10.2.2.1) and 2,6 ml ammonia solution (1+1) separately into five 100 ml
plastic volumetric flasks. Add 0 ml, 1 ml, 2 ml, 3 ml, 4 ml, and 5 ml of the mixed standard solution
(10.2.2.4) stepwise and precisely. Dilute each solution with sulfuric acid (1+180) to the mark and mix
well. Spray a portion of each solution into the flame of ICP-OES and measure the emission intensity at
an appropriate wavelength.

10.2.7 Calculation

Determine the concentration of each element in the test solution and in the blank from the calibration
curve. Calculate the element content from Formula (9).

NOTE The analytical results obtained from a round robin test are listed in Annex A.
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10.3 Acid pressure decomposition-ICP-OES method

10.3.1 General

Boron, calcium, copper, iron, magnesium, manganese, molybdenum, nickel, potassium, silicon, sodium,
titanium, tungsten, vanadium, zinc and zirconium are measured by the ICP-OES method, using the
sample solution obtained in 7.3.4.1.

10.3.2 Reagents

Use the reag

ents described in 10.2.2. Reagents of analytical grade shall be used. Reagent solutions

shall

be preserve

10.3.3 App

Use the app

10.3.4 Pro

Using the s
following th

10.3.5 Blal

Perform thd
results.

1 in plastic bottles.

aratus and instruments

hratus and instruments described in 7.3.3.

cedure

nmple solution obtained in 7.3.4.1, measure the emission intemnsity of the trace elenpents

e procedure described in 10.2.4.2.

nk test

procedure described in 10.3.4 using the blank test Solution obtained in 7.3.5. Recor

10.3.6 Drawing of the calibration curve

Perform the|

10.3.7 Cald

Determine t
curve. Calcu

operation in accordance with 10.2.6.

ulation

he concentration of each element in the test solution and in the blank from the calibr
late the element contentfrem Formula (9).

11 Determination of thé.oxygen content

11.1 Prind

A sample is
the sample
concomitan

iple

fused<with flux in a graphite crucible under inert gas flow. The oxygen generated
Feacts'with the carbon of the graphite crucible to form carbon monoxide. After rem
Fstsuch as moisture and dust, the carbon monoxide content is determined after conve

i the

htion

from
ving
rsion

into carbon

dioxide or directly using IK spectrometry.

11.2 Reagents

Use the reagents described in 8.4.2 as well as the following:

11.2.1 Heli

um, of more than 99,99 % purity (volume fraction).

11.2.2 Yttrium oxide, of more than 99,99 % purity (mass fraction); heated at 1 000 °C for 2 h and
cooled in a desiccator (desiccant: magnesium perchlorate) before use.

11.2.3 Magnesium perchlorate, reagent grade, with the particle size range 0,7 mm to 1,2 mm for the
absorption of moisture. Use the purity specified by the instrument manufacturer.
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Apparatus

Use the apparatus described in 8.4.3.

11.4

Instruments

Use the instruments described in 8.4.4, except for the components of the gas separator and the detector.
The extracted gas purifier shall not include a carbon dioxide absorption tube (sodium hydroxide shots)
or a dehydration tube (magnesium perchlorate). An IR spectrometer instead of a thermal conductivity

detec

tor shall be used. A commercial oxygen analyser is available.

11.5

Meagure 0,02 g to 0,04 g sample and follow the procedure described in 8.4.5.

11.6

Perfq
this

11.7
Use

nitrige powder (or boron nitride powder) reference matetial'are also available. Average the
three¢ to five measurements and calculate the calibration,coefficient according to Formula

whel

11.8

Calc

K= (Gx0/100)/(A; - A)

K isthe calibration coefficient,ih\g/integral value;

¢ is the mass of the sampletfor calibration, in g;

Q@ isthe oxygen content of the sample for calibration, in % (mass fraction);
A1 is the integral value of the sample for calibration;

Ao isthe integral'value of the blank test.

Procedure

Blank test

rm the operation described in 11.5 without taking a sample to obtain)the blank test v|
peration three to five times and calculate the average value.

Calculation of the calibration coefficient

,010 g yttrium oxide or 0,030 g nitride of known oxygen-content for the calibration.

Calculation

lat€ the oxygen content in the sample according to Formula (11).

alue. Repeat

bome silicon
values from

10).
(10)

[/ N\ |
U= UAZ —AO)XK /mJXJ.UU

wher

e

0 isthe oxygen content, in % (mass fraction);

Ay isthe Integral value of the sample;

Ao is the integral value of the blank test;

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

m is the mass of the sample, in g;
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12 Determination of the carbon content

12.1 Classification of the determination methods

Carbon shall be determined using any of the following methods:

Method A, combustion (resistance furnace)-IR absorption spectrometry.

Some commercial instruments can calculate the blank test value, the calibration coefficient and the

Method B, c
Method C, c

12.2 Comk

bmbustion (radio frequency heating furnace)-thermal conductometry.

pbmbustion (radio frequency heating furnace)-IR absorption spectrometry.

Justion (resistance furnace)-IR absorption spectrometry

12.2.1 Principle

A sample is
generated d
converted t

combusted in an oxygen flow with combustion accelerators inja resistance furnace
arbon oxides are determined using an IR spectrometer, and the integrated value
a value corresponding to the carbon contnet.

12.2.2 Reagents

12.2.2.1 Oy

12.2.2.2 Co

Combustion|
provided th

12.2.2.3 Caflcium carbonate, of more-thah 99,9 % purity (mass fraction), heated at 500 °C to 550

2 h and cool
12.2.3 App
12.2.3.1 Co

12.2.3.2 Cod
combustion

ygen, of more than 99,99 % purity (volume fraction).

mbustion accelerators, tin, in sandy form:

accelerators (other than tin) or a combination of metals (such as tin and iron) may be
ht they satisfy the criteria for combuistion accelerators.

ed in a desiccator (desiceant: magnesium perchlorate).
aratus
mbustion tube; use the tube specified by the apparatus manufacturer.

mbustion’boat, use the boat specified by the apparatus manufacturer. Perform a prelim
at 1350 °C before use.

The
5 are

ised,

C for

Inary

12.2.4 Instrument

A commercial carbon analyser may be used for the determination of the carbon content. It usually
comprises an oxygen refiner, furnace, combustion gas refiner, and carbon detector. Figure 5 illustrates
a block diagram of such an instrument.
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q

q

O N O U1 D W N R

NOTH

12.2
furna
perc]

12.2
furnd
temp

12.2

dioxide trap (mangahese dioxide), oxidation tube (copper oxide or platinum-based catal

elect]

12.2

components. The IR spectrometer detects the differential between the intensities (carbor

the |

IR spectrometer

xygen supplier

xidation tube with electric furnace
arbon dioxide trap

lehydration tube

ombustion tube

Just collector

ulfur dioxide trap

Each instrument has its own unique design characteristies\and operational requirement

Figure 5 — Block diagram of a carbon analyser for combustion (resistance furnz:
absorption spectrometry

ice, a carbon dioxide absorption tube (sodium hydroxide shots), and dehydration tube
nlorate).

4.2 Furnace for combusting the sample, comprising, for example, a tubular electr
ice and combustion tube,-Theé tubular electric resistance furnace shall be able to
erature of the central sectien (100 mm or longer) of the combustion tube to 1 350 °C.

4.3 Combustion.gas refiner, comprising, for example, a dust collecting tube (glass v

ric furnace, and.dehydration tube (magnesium perchlorate).

4.4 Carbon detector, comprising an IR spectrometer for carbon dioxide detectio

R absorption of a sample cell and that of the reference cell as electric signals using a det

v

ice)-IR

4.1 Oxygen refiner, comprising, for example, an oxidation tube (copper oxide) with an electric

(magnesium

c resistance
regulate the

vool), sulfur
yst) with an

n and other
dioxide) of
bctor. It then

convt

brts this value to the carhon content via linearisation and inteoration circuits The resylt

is displayed

[s]
on an integration meter. Another type of instrument measures the IR absorption of carbon
carbon monoxide separately and displays the sum of both measurements as the carbon content.

NOTE Some commercial IR spectrometers measure carbon dioxide without a reference cell.

12.2

12.2

.5 Procedure

.5.1 Stabilisation of the instrument

dioxide and

Switch on the instrument and set each of the components to the designated conditions. Wait for the
components to stabilise.
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12.2.5.2 Mixture of the sample and combustion accelerators

Weigh 0,3 g to 0,5 g sample in the combustion boat and spread it evenly. Next, evenly cover the sample
with 2 g combustion accelerators. Alternatively, mix the sample with tin and spread evenly or spread
the sample so that it is sandwiched between 1 g of combustion accelerator on each side.

12.2.5.3 Sample combustion

Remove the plug of the combustion tube, insert the boat loaded with the sample and combustion
accelerators into the centre of the combustion tube and immediately attach the plug. Switch on the

oxygen flow

and operate the furnace for the designated duration.

12.2.54 M

Propel the g
into the IR s

12.2.6 Blai

Perform the|

12.2.7 Cald

Use 0,250 g
follow the p
or Formula

a) Whenc

K= (G

where

K istl
G ist]
Aq istl

Ao istl

b) When the nitrid€ sample is used, refer to Formula (13).

K= (G

pasurement

pectrometer. After the designated time has elapsed, measure the integrated values.

nk test

operation described in 12.2.5 without taking a sample to obtainthe blank test value.

ulation of the calibration coefficient

calcium carbonate or 0,500 g nitride of known carben content (calibration sample]
focedure described in 12.2.5. Calculate the calibrationcoefficient according to Formuld
[13), respectively.

hlcium carbonate is used, refer to Formula (1.23.
0,120 0)/(A; —4y)

ne calibration coefficient, insg/integral value;
ne mass of calcium carbonate, in g;
ne integral value of the sample for calibration;

he integral value’of the blank test.

C /400)/(A; - 4y)

enerated carbon dioxides, along with the oxygen, through the combustion gas refinef

and

and

[ (12)

(12)

(13)

where

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

G  isthe mass of the sample for calibration, in g;

C isthe carbon content in the sample for calibration, in % (mass fraction);

A1 is the integral value of the sample for calibration;

Ap is the integral value of the blank test.
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8 Calculation

Calculate the carbon content in the sample according to Formula (14).

C=[(A;-Ag)xK /m]x100

where

C isthe carbon content, in % (mass fraction);

Ap istheintegral value of the sample;

(14)

12.3

12.3

A sammple is combusted under an oxygen flow with combustiondaccelerators in a radio frequé

Ao isthe integral value of the blank test;
K isthe calibration coefficient, in g/integral value;

m is the mass of the sample, in g.

Combustion (radio frequency heating furnace)-thermal conductometry

1 Principle

ency heating

furnace. The generated carbon dioxide is determined usingathermal conductometer and thie integrated

valug is converted to a value corresponding to the carbon content.

12.3

Use the reagents described in 12.2.2 except for the combustion accelerator. For combustion

use g
many

12.3

12.3

12.3

12.3

A co

0xyg|
of su

2 Reagents

ranular copper, tungsten, chipped iromn,or any other substances recommended by the
ifacturer.

3 Apparatus
3.1 Combustion cruciblg, the type specified by the apparatus manufacturer.
3.2 Receptacle, the'type specified by the apparatus manufacturer.

4 Instrumeift

mmercial‘carbon analyser may be used for the determination of carbon. It usually c
en refiner, furnace, combustion gas refiner, and carbon detector. Figure 6 presents a bl
clran instrument.

iccelerators,
instrument

bmprises an
bck diagram
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5 9
[ 1
1HH2H3H4 4 | ! >
10
=
)
Key
1  oxygen supplier
2 oxidatioc;l: tube with electric furnace
3 carbon dioxide trap
4  dehydration tube
5 combustjon tube
6  dust collpctor
7  sulfur dipxide trap
8  duct conyerter
9  carbon dioxide collector
10 thermal fonductometer
NOTE Egch instrument has its own unique design characteristics and operational requirements.
Figure p — Block diagram of carbon analyser for a combustion (radio frequency heating
furnace)-thermal conductometry
12.3.4.1 Oxygen refiner, according to 12.2.4.1.
12.3.4.2 Furnace for combusting the sample, comprising, for example, a radio frequency hepting

furnace and

12.3.4.3 Co

oscillator.

mbustion gas refiner, according to 12.2.4.3.

12.3.4.4 Carbon detector, comprising, for example, a flow converter, a carbon dioxide collection

(synthetic zeolite), and thermal conductometer.

12.3.5 Procedure

12.3.5.1 Stabilisation of the instrument

Switch on the instrument and set each of the components to the designated conditions. Wait for the

components to stabilise.

12.3.5.2 Mixture of the sample and combustion accelerators

Weigh a sample in the combustion crucible and add 1 g each of copper and iron or copper and tungsten

over it.
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12.3.5.3 Sample combustion

Place the crucible inside the furnace and close the furnace. Supply oxygen at the designated pressure
and flow rate. Operate the furnace for the designated duration.

12.3.5.4 Measurement

Propel the combustion gas to the collection tube for absorption. Change the oxygen flow rate and heat
up the collection tube for the designated duration to release the carbon dioxide, along with theoxygen,
to the thermal conductometer. Measure the integrated values.

NOTH Somre—TommeTTial IstrunTents —performr —tire operations —described im12-3-5-3—pand 12.3.5.4
autorhatically.

12.3|6 Blank test

Perform the operation described in 12.3.5 without taking a sample to obtain thé’blank test(value.

12.3{7 Calculation of the calibration coefficient

Use 0,250 g calcium carbonate or 0,500 g nitride of known carbomnycontent (calibration $ample) and
follow the procedure described in 12.3.5. Calculate the calibratioficcoefficient according to Hormula (12)

or Fgrmula (13), respectively.

12.3|{8 Calculation

Calcylate the carbon content in the sample according‘to Formula (14).
12.4 Combustion (radio frequency heating furnace)-IR absorption spectrometry

12.4{1 Principle

A sample is combusted under an-.oxygen flow with combustion accelerators in a radip frequency
heating furnace. The amount of generated carbon oxides is determined using IR spectromgetry and the
integrated values are convertéd to a value corresponding to the carbon content.

12.4{2 Reagents

Use the reagents desgribed in 12.3.2.

12.4{3 Apparatus

Use the apparatus described in 12.3.3.

12.4.4 Instrument

A commercial carbon analyser may be used for the determination of the carbon content. This usually
comprises an oxygen refiner, furnace, combustion gas refiner, and carbon detector. Figure 7 presents a
block diagram of such an instrument.
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