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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.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Ra
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Testing of ceramic raw and basic materials —
Determination of sulfur in powders and granules of non-
oxidic ceramic raw and basic materials —

Part 2:

In

spectrometry (ICP/OES) or ion chromatography afte
burning in an oxygen flow

1
Thi

Scope

5 part of ISO 14720 defines a method for the determination of sulfiriin powdered and gr

oxidic ceramic raw materials and materials, which are completely oxidized at a higher tem]

an

For

xygen atmosphere, e.g. carbon and graphite materials.

materials which are not completely oxidizable under theésé conditions, it is possible to

sulflur that can be released under these conditions, e.g. thesadherent sulfur.

Thi
of a
bec

For
ind
chr

2

5 part of ISO 14720 is applicable for materials with.fdass fractions of sulfur < 10 % and maj
sh < 20 %, The defined method is limited for miaterials with mass fractions of barium <
huse the sulfur bonded in barium sulfate is notdetectable with this method.

the lower detection limit of this methed, a mass fraction of sulfur of 0,5 mg/kg in
ictively coupled plasma optical emission spectrometry (ICP/OES) and 5 mg/kg in the
pmatography (IC) has to be considefed as a recommended value.

Normative references

The following referenced decuments are indispensable for the application of this document
refdrences, only the edition cited applies. For undated references, the latest edition of the

doc

ISO
emi

ISO
Det

3
For

3.1

ument (including.any amendments) applies.

11885, Water quality — Determination of selected elements by inductively coupled plas
ksion spectfometry (ICP-OES)

10304=1,'Water quality — Determination of dissolved anions by liquid chromatography of ior
ermination of bromide, chloride, fluoride, nitrate, nitrite, phosphate and sulfate

r

nular non-
perature in

determine

s fractions
10 mg/kg,

he case of
case of ion

. For dated
referenced

ma optical

s— Part1:

Terms and definitions

the purposes of this document, the following terms and definitions apply.

sulfur content
mass fraction of inorganic and organic bound sulfur

4

Principle

The dried sample is oxidized in a flow of oxygen at a temperature of 1 100 °C using a porcelain crucible.
The resulting sulfur oxides are absorbed in a solution of sodium hydroxide and hydrogen peroxide. The

©IS
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remaining material (ash) is dissolved and combined with the absorption liquid in the case of calcium-
sulfate-containing sample material. The concentration of sulfur in the sample solution is determined by
inductively coupled plasma optical emission spectrometry (ICP/OES) according to ISO 11885 or by ion
chromatography (IC) as sulfate according to ISO 10304-1 .

5

5.1

Interferences

ICP/OES

5.1.1 Spectral interferences

The compgnsation of spectral interferences is performed according to the manual of the manufactyrer
of the spectrometer.

NOTE 1

a) Overl
b) Overl
c) Unspe
Overlappin

Correction
interfering
which inte

In the case

NOTE 2
surroundin

5.1.2 Ph
To compen

NOTE

a different
compositio
and electro
differences
and surface

j

pectral interferences can be caused by:
ping with the emission line of another element;
ping with molecular bands;

rific background (e.g. scattering, recombinations).

factors are determined by measuring at least one undisturbed additional emission line of
element and considering the relation of the intensity of this emission line to the emission
feres with the analyte element.

of overlapping with molecular bands, an altérnative emission line has to be chosen.

Unspecific background is usually compensated for by measuring the background signal in

bs of the analyte emission line.

ysical interferences
sate physical interferences;suitable measures shall be taken.

hysical interferences oceur as plasma interferences or as transport interferences. Both are cause
ehaviour of the calibration solution compared to the sample solution based on a different chen
. Plasma interfergnces are caused by changes in plasma conditions, e.g. temperature distrib
h density, leading)to a changed excitation of emission lines. Transport interferences are cause
in physical characteristics of the calibration solution and sample solution, mainly density, viscd
tension.

Some of t
interfereng
lines of a

(internal standard). Other p0551b111t1es are to equahze the chemical composmon of the cahbratlon and

e transport interferences can be reduced by using appropriate (peristaltic) pumps. Pla
esas well as transport interferences can be reduced SIgnlflcantly by using suitable refere

g of lines can be compensated for by arithmetical correction’ of the raw data if applicable

uLlcal
ion

the
line

the

d by

1 by
sity

bImna
nce

[ion

sample solution as much as possible (matrix matching) or to use a standard addition procedure or a

standard a

5.2
To avoid cr

NOTE

ddition calibration procedure instead of the standard calibration procedure.

Ion chromatography

oss-interferences by additional anions, suitable measures shall be taken.

Anions like chloride, bromide, fluoride, nitrite, nitrate, formiate and acetate in the absorption liquid

may lead to cross-interferences. By using the chromatographic parameters given in Annex B, the sulfate signal

usually can

be separated completely from the signals of the other anions.
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Apparatus

6.1 Combustion device, adjustable to (1 100 + 20) °C, suitable for oxidizing the sample in an oxygen
flow and suitable to absorb the reaction gases completely.

NOTE For an example of a suitable device see Annex A.

6.2

6.3

Porcelain boat, unglazed.

Gas-washing bottles, standard type, nominal volume 100 ml, filled with 25 ml of

solytion (7.6 and Annex A).

6.4
of t

6.5

6.6

6.7
spe

6.8
sup,

7

7.1

Filtration adaptor, with a membrane filter with a pore width of 0,45 um, connectable t
1e disposable syringe (6.5).

Disposable syringe, nominal volume 5 ml.
Ultrasonic bath, preferably with a volume of = 1 | and an ultrasgnic power of = 150 W.

Inductively coupled plasma optical emission specttometer, sequential or sij
ctrometer with a lower wavelength limit of at least 180 nm!

pressor technique.

Reagents

General

Realgents of known analytical grade.shall be used, provided it is first ascertained that the r

suff

7.2

7.3

7.4

7.5

7.6
ina

Hydrogen peroxide solution, H;02, w(H2032) = 30 %.
Sodium hydrexide solution, NaOH, ¢(NaOH) = 0,001 mol/I.
Hydrochloric acid, HCI, w(HCl) = 18 %.

Ultrapure water, with a specific resistance of 18 MQ - cm (at 25 °C).

iciently high purity to permit.its use without lessening the accuracy of the determination.

bsorption

b the outlet

nultaneous

Ion chromatograph with a column for anions<and conductivity detector, if avalilable with

pagent is of

Ahcnrpfinn cn]nfinn, sodium ]f\yr*rnvir‘n solution ('7 Q) and ]'\yr]vngon pnrnvir‘n solution

ratio of 9:1.

(7.2) mixed

7.7 Sulfate standard stock solution, certified single- or multi-element standard stock solution,
preferably with a concentration of 1 000 pg/ml for sulfur.

7.8 Calibration solution, at least two calibration solutions have to be prepared by dilution of the
standard stock solution (7.7) with water (Z7.5) according to the expected sulfur concentrations.

7.9 Eluent, exclusively for IC; for its use the instructions of the manufacturer have to be followed.

NOTE Depending on the column different eluents are used. For a suitable eluent see Annex B.

©IS
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7.10 Oxygen, from a compressed gas cylinder, purity = 99,998 % V/V.

8 Sampling and sample preparation

Sampling shall be performed in such a way that the sample to be analysed is representative for the total
amount of material, for example according to ISO 8656-1.[1]

The sample material shall have a particle size of < 160 um; if necessary, it shall be crushed and
homogenized. Samples which incinerate completely can be used without crushing provided they fit into
the porcelain boat (6.2).

In an unknown drying state, the sample shall be dried at (110 * 5) °C to constant mass. The sample is

cooled down to ambient temperature in a desiccator and stored therein.

It is imporfant to avoid any contamination of the sample by improper handling (e.g. touchingby finggrs).

9 Preparation

9.1 Combustion device

The tempefature of the combustion zone has to be adjusted to (1 100 20)°C.

9.2 Oxygen (7.10)
Oxygen frgm the compressed gas cylinder is taken out by using a pressure-reduction valve. The oxy

(1m gen
flow is adjysted to (20 = 10) 1/h with a gas flow controller.

9.3 Indyctively coupled plasma optical emission spectrometer (6.7)

Use the pr¢cedures recommended by the manufacturer of the instrument as set down in the operat
procedure The wavelength for sulfur at 180;7231 nm and 182,034 nm should be used.

NOTE Forrecommendationsfor operatingthe inductively coupled plasma optical emission spectrometer (b.7
see Annex (.

9.4 Ion ¢chromatograph (6:8)

Use the p
operating

NOTE i

10 Calib

Focedures recominended by the manufacturer of the instrument as set down in
procedure.

or recomumendations for operating the ion chromatograph (6.8), see Annex B.

ration

the

10.1 Inductively coupled plasma optical emission spectrometer

The calibration shall be performed according to the manufacturer’s manual using the calibration
solutions according to 7.8. The concentration of the calibration solutions shall be adjusted according to
the sulfur concentration in the sample solutions. The concentration of the sample solution shall be in the
(quasi-)linear range of the calibration curve. If necessary the analysis solution shall be diluted.

10.2 Ion chromatograph

The calibration shall be performed according to the manufacturer’s manual. At least a two-point
calibration with the calibration solutions according to 7.8 shall be carried out.

© ISO 2013 - All rights reserved
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Performance

1 Determination of the blank value

The blank value shall be determined with an empty porcelain boat before the sample measurements.
The same procedure as described in 11.2 shall be used. After a measurement series, the occurrence of
memory effects shall be checked by performing an additional blank measurement.

NOTE

separate sets of equipment.

If samples with high and low sulfur content (<50 mg/kg) have to be analysed, it is recommended to use

11.2 Determination of the sulfur content

Twq gas-washing bottles (6.3) are filled with 25 ml of absorption solution (7.6) each’ and|connected
e outlet of the combustion device (6.1) (Annex A). The sample prepared @ccording fo Clause 8
eighed into the porcelain boat (6.2) to the nearest 0,1 mg. Afterwards the|porcelain bpat (6.2) is
insg¢rted into the combustion device (6.1) and moved to the combustion zdne. If there is
vigorously reacting materials, e.g. for carbon materials, the porcelain boat (6:2) has to be shi

to
is

ste

NOT
alun

NOT
senf

Wh
sol
was
in t

into the combustion zone by moving the whole combustion tube.

E1 Another possibility to avoid a vigorous reaction is blending of.the sample with an inert su|
hinium oxide to distribute the heat to a larger volume.

E2  The sub-sample mass has to be adjusted by considering/the sulfur content of the sample a
itivity and the linear range of ICP/OES and IC. Recommended-values are:

10 g sub-sample mass for samples with a mass fraction/of sulfur up to 500 mg/kg;
0,5 g sub-sample mass for samples with a mass fraction of sulfur from 500 mg/kg to 1 %;

0,5 g sub-sample mass and dilution of the sample solution to the factor of 10 for samples with a m
of sulfur from 1 % to 10 %.

en the combustion is finished, which will be the case after approximately 30 min, the
tions of both gas-washing bottles (6.3) were transferred to a 100 ml volumetric flask
hing bottle is rinsed twice with 10 ml of water (7.5) into the volumetric flask. To dega
he volumetric flask, the solution is placed in the ultrasonic bath (6.6) for 5 min. Aftel

volumetric flask is diluted with water (7.5) to volume.

Thd
the

sulfur content of this-solution is determined by ICP/OES and IC, respectively. For IC detg
sample solutionds filled in a disposable syringe (6.5) and passed through a filtration ad

befi

re measurement. If the sulfur concentration of the sample solution is not within the

range, the sample solution has to be diluted accordingly.

In the case‘ef’calcium sulfate in the sample material, the residue in the porcelain boat (6.2
boiled with'5 ml of hydrochloric acid (7.4). This extract is added to the absorption solution (]

danger of
ed step by

bstance like

5 well as the

ass fraction

absorption

Each gas-
b the liquid
wards the

rmination,
aptor (6.4)
calibration

) has to be
/.6).

Measure the solution using I(‘P’/OF‘Q

Each sample has to be analysed at least two times. If the single values of the double-test deviate more
than a given degree, depending on the repeatability of the method, then the analysis has to be repeated
according to this Clause.

NOTE 3

as the sample. See Annex F.

12

Calculation and report of the results

The accuracy of the ICP/OES and IC analysis method can be checked using a certified reference material

The sulfur content of the sample shall be calculated according to Equation (1) under consideration
of sample mass and blank values. The sulfur content as a mean of the corrected single values of the

© IS0 2013 - All rights reserved
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multiple determinations shall be expressed as mass fractions and rounded off in accordance with the
uncertainty of measurement (Annex E).

w(s)=PEY p

where
w(S)
B(S)

m

is the mass fraction of sulfur in the sample, in milligrams per kilogram;

M

is the sulfur concentration of the sample solution, corrected with the blank value, in mil-

4

m

13 Preci

13.1 Rep

The repeat
between ty

sample ma|
NOTE ]

The precis

13.2 Rep

The reprod
two single
analytical
NOTE '

The precis

14 Test yreport

ligrams per litre;
is the volume of the sample solution, in litres;
is the mass of the dried sub-sample, in kilograms;

is the dilution factor of the sample solution.

sion

patability

ability limit r will not be exceeded in more than 5% of cases by the absolute differg
vo single test results, determined in rapid succession by the same analyst with the s
ferial using the same analytical procedure and the'same equipment in the same laborato

'he repeatability limit r depends on the examinéd/material type and the determined mass of sulfj

on data determined within a round-robin test are listed in Annex D.

roducibility

ucibility R will not be exceeded in more than 5 % of cases by the absolute difference betw
test results, determined. By different analysts with the same sample material using the s
brocedure and differentequipment in different laboratories.

'he reproducibility R depends on the examined material type and the determined mass of sulfur.

on data determined within a round-robin test are listed in Annex D.

nce
ime

'y

"

een
ime

Test reporgschall include the following information

a) sample identification;

b) areference to this part of ISO 14720;

c) test results for the sulfur content, expressed as the mean of the single values of the multiple
determinations;

d) ifrequired, uncertainty of the mean (see Annex E) or standard deviation;

e) ifrequired, information for calibration;

f) any discrepancy of the procedure used for sample testing according to this part of ISO 14720;

g) nameand address of the laboratory, analysis date and, if required, signature of the responsible person.

6 © IS0 2013 - All rights reserved
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Annex A
(informative)

Example of a combustion device

Key

1 |Oxygen compressed gas
2 |Pressure-reducing valve
3 |Flow-measuring device,
4

Porcelain boat, unglazed

XX N o v

Gas-washing bottle, nominal volume 100 ml
Absorption solution, 25 ml

A 5 /6
7 3 ‘\ /’ //
= ~— |
/ N\ 7
8—t_ ;::; 8

cylinder
for the adjustment of 0 MPato™ MPa
measuring range 0 1/h to-50 1/h

Combustion tube made out of fused silica with ‘@\grinding (inner diameter approx. 25 mm, length gpprox.
600 mm) and gas-tight inlet and outlet

Tube furnace, adjustable to (1 100 + 20)\2C, heating zone approx. 200 mm

Figure A.1 — Example of a combustion device

© IS0 2013 - All rights reserved
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Annex B
(informative)

Example for suitable operating parameters for the determination
of sulfur by ion chromatography

Suitable ofderating parameters for the determination of sulfur by ion chromatography are given belpw:

IC-anion cqlumn: polymethacrylate with quaternary groups of ammonium, (100 x.4,6) mjm

Eluent: benzoic acid, 3 mmol/l, 2 % acetonitrile, pH = 4,65 (conductivity approxi-
mately 10,6 uS/mm)

Flow rate: 1,5 ml/min

Pressure: 1,8 MPa

Injection vplume: 100 ul

Range of njeasurement: 0 uS/mm to 20 pS/mm

8 © IS0 2013 - All rights reserved
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Annex C
(informative)

Example for suitable operating parameters for the determination of
sulfur by inductively coupled plasma optical emission spectroscopy

C.1
Way
HF-
Floy
Floy
Flu
Intq
Thd
the
C.2
NeH
NeH
Pun
Pur

Ifu
pun

Inductively coupled plasma optical emission spectrometer
Felength range: 2180 nm
power: 1100 Wto1350W
v rate of coolant gas: 10 1/min to 15 1/min
v rate of auxiliary gas: 11/min
h time: 30s
gration time: 10s
plasmaisignited atleast 15 min before starting the/analyses. A wavelength calibration a

operating manual of the manufacturer shall be performed.

Sample introduction system
ulizer type: cross-flow nebulizer or concentric nebulizer (Meinhard type)
ulizer parameters: pressure = 0,22 MPa or gas flow rate = 1 1/min
hp type: penistaltic
np rate: 2 ml/min
bing a peristalti¢ pump, the pump tubings have to be checked daily and replaced if nece

1p rate hasalso to be checked and adjusted to the required value, if necessary.

ccording to

bssary. The

© IS0 2013 - All rights reserved
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Annex D

(informative)

Results of the round-robin test

The round-robin test was carried out using a sample of electrographite (see Tables D.1 and D.2),

carbon bla

Lk (con Tahlac N2 and N A) and cilican carhida (caa Tabhlac NE ~nd N e Tho culfiy ~on
‘K See—TaBreSooaha A aha SeeRtarsiae(se e reSo-oah a8 e-Strr—€6H

fent

was deterthined by using ICP/OES. The maximum grain size of all samples was less than 100 pni:

evaluation|of the results was done according to ISO 5725-2.[2]

Tlable D.1 — Data of precision determined using the sample of electro graphite

The

Description Precision datd

Number of participants 4

Number of accepted single values of all laboratories 24
Number of putliers 1

Mean valug w(S), in mg/kg 7,6
Repeatability (standard deviation), s, in mg/kg 0,6
Repeatability limitr: r=2,8 x s, in mg/kg 1,5
Coefficient jof variation of repeatability Cy;r: Cyr= (sr/ W(S)) x 100, in % 7,2
Reproducihility (standard deviation) sg, in mg/kg 0,5
Reproducihility limit R: R = 2,8 x sg, in mg/kg 1,5
Coefficient jof variation of reproducibility Cyr: Cyg=(sr/ W(S)) x 100, in % 6,8

Table D.2 — Single values-determined using the sample of electro graphite

Masss fraction of sulfur of the sample of electro graphite
No mg/kg
Laberatory 1 Laboratory 2 Laboratory 3 Laboratory 4
1 7,5 8,0 6,8 7,7
2 7,8 7,1 6,8 7,4
3 7,4 7,9 8,2 7,3
4 7,9 7,4 8,7 8,2
5 74 30 8.4 74
6 79 71 - 6,6
7 7,7 - - _
w(S) 7,7 7,6 7,8 7,4
s 0,2 0,4 0,9 0,5
Srel 2,9 57 11,7 7,1

10
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Table D.3 — Precision data determined using the sample of carbon black

Description Precision data
Number of participants 4
Number of accepted single values of all laboratories 24
Number of outliers 1
Mean value w(S), in mg/kg 62,2
Repeatability (standard deviation), s, in mg/kg 2,7
Reyjeatability limit r: r = 2,8 x s, in mg/kg 14
Codfficient of variation of repeatability Cy;r: Cy;r= (sr/ W(S)) x 100, in % 4
Regroducibility (standard deviation) sg, in mg/kg 3,5
Regroducibility limit R: R = 2,8 x sg, in mg/kg 11
Codfficient of variation of reproducibility Cyr: Cy,r = (sr/ W(S)) x 100, in % 41
Table D.4 — Single values determined using the sample of carbon black
Mass fraction of sulfur of the Sample of carbon black
No. mg)/kg
Laboratory 1 Laboratory 2 Laboratory 3 Laborptory 4
1 59,3 63,0 59,5 60,4
2 64,3 57,0 59,3 62,8
3 62,0 65,0 61,6 68,7
4 65,3 66,0 61,7 61,3
5 60,7 67,0 61,3 65,4
6 62,0 58,0 63,2 -
7 62,0 - - -
w(S) 62,2 62,7 61,1 60,7
s 2,0 4,2 1,5 2,0
Srel 3,2 6,7 2,4 31

© IS0 2013 - All rights reserved
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Table D.5 — Precision data determined using the sample of silicon carbide

Description Precision data

Number of participants 4

Number of accepted single values of all laboratories 24
Number of outliers 0

Mean value w(S), in mg/kg 619
Repeatability (standard deviation), s, in mg/kg 13
Repeatability limit r: r = 2,8 x s, in mg/kg 36
Coefficient jof variation of repeatability Cy;r: Cyr= (sr/ W(S)) x 100, in % 2,X
Reproducihility (standard deviation) sg, in mg/kg 53
ReproduciHility limit R: R = 2,8 x sg, in mg/kg 147
Coefficient jof variation of reproducibility Cyg: Cy;r = (sr/ W(S)) x 100, in % 8,5

Table D.6 — Single values determined using the sample of'silicon carbide

Mass fraction of sulfur of the sample.of silicon carbide
No mg/kg
Laboratory 1 Laboratory 2 Laboratory 3 Laboratory 4
1 550 570 662 675
2 580 600 666 650
3 550 570 665 654
4 580 600 656 659
5 550 570 669 654
6 580 600 668 672
w(S 565 585 664 661
s 16 16 5 10
Sre 29 2,8 0,7 1,6
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