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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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Introduction

Titration methods using thorin, a toxic arsenic compound as a reagent, have been used to determine the
total sulfur content in raw rubber and rubber compounds. In this document, the sulfur in a test piece
is burnt and oxidized to sulfur dioxide, which is then absorbed into a hydrogen peroxide solution and
converted to sulfuric acid for determination by ion chromatography.

No hazardous reagents are required, thus improving the working environment as well as being eco-
friendly. In addition, ion chromatography is used worldwide for its simplicity and high accuracy.
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INTERNATIONAL STANDARD
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Rubber — Determination of total sulfur content by ion
chromatography

WARNING 1 — Persons using this document should be familiar with normal laboratory practice.
This document does not purport to address all of the safety problems, if any, associated with its
use. It is the responsibility of the user to establish appropriate safety and health practices and to
ensure compliance with any national regulatory conditions.

WARNING 2 — The use of this document pre-supposes sufficient working knewls
pringiples and techniques of ion chromatography for the analyst to perform the
described and interpret the results correctly.

CAUTION — Certain procedures specified in this document can involve the use or
of sybstances, or the generation of waste, that could constitute a local environmen
Reference should be made to appropriate documentation on safe handling and dis
use.

1

This|document specifies a method for the determination ofithe total sulfur content of raw
unvylcanized or vulcanized rubber compounds by ion chromatography following the prey
sample solution using either a tubular furnace combustién or an oxygen combustion flask 1

The
itis

The

2
The

constitutes requirements. of this document. For dated references, only the edition cited
unddted references, thelatest edition of the referenced document (including any amendme

ISO
ISO

ISO 466%-2 Rubber, vulcanized — Preparation of samples and test pieces — Part 2: Chemical {

3

$cope

tubular furnace combustion method is applicable for rubbers with sulfur content less t
possible that the oxygen combustion flask niethod will not give sufficiently accurate re

Normative references

following documents_are/referred to in the text in such a way that some or all of t

1795, Rubber,maw natural and raw synthetic — Sampling and further preparative proced

4696, Water for analytical laboratory use — Specification and test methods

pdge of the
operations

generation
tal hazard.
posal after

rubber and
aration of a
hethod.

han 0,1 % as
sults.

xygen combustion flask method is not'applicable to rubbers containing a metal salt that forms an
insoluble metal sulfate, such as barium-sulfate (CAS 7727-43-7).

heir content
applies. For
hts) applies..

ures

ests

Terms and definitions

No terms and definitions are listed in this document.

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

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

IEC Electropedia: available at https://www.electropedia.org/
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4 Principle

4.1 Combustion

4.1.1 Tubular furnace combustion method

A test piece is burnt in an oxygen (CAS 7782-44-7) stream in a tubular furnace with an electrical
heater. The sulfur in the test piece is oxidized to sulfur dioxide (CAS 7446-09-5), which is absorbed into
hydrogen peroxide (CAS 7722-84-1) solution and converted to sulfuric acid (CAS 7664-93-9).

4.1.2 Oxygen combustion flask method

A test piece
dioxide, whil

4.2 Detel

The sulfate
quantitative
the original

5 Reage
Use only red

the tubular
method are

5.1 Watel

5.2 Sulfa
concentrati

Observe the

5.3 Sulfate calibration solutions, prepared by dilution of the sulfate stock standard solution

with water

Prepare at I

from the sainple. The solutions shall be prepared every analytical day.

e
:Ln, e.g. 1 000 mg/dm3 of sulfate, traceable to national standards.

is burnt in the presence of oxygen in a flask. The sulfur in the test piece is oxidized'to s
ch is absorbed into hydrogen peroxide solution and converted to sulfuric acid:

‘mination
from either the tubular furnace combustion or the oxygen combustion flask meth

ly analysed by ion chromatography, and the result is converted to the total sulfur contg
rubber sample.

nts

igents of recognized analytical grade and only water as specified in 5.1. The reagent
furnace combustion method are given in A.2. Thé.reagents for the oxygen combustion
given in B.2.

, of grade 1 or higher as specified in 1SO3696.

stock standard solution, of-acommercial standard solution with a certified su

manufacturer's expiry date'or recommended shelf-life.

5.1).

past four solutions of different concentration of sulfate covering the expected concentr

5.4 Elue

Follow the ¢

solution, capable of eluting sulfate to a proper retention time in selected column.

ulfur

pd is
ent of

s for
flask

Ifate

(5.2)

htion

6 Apparatus

6.1 Balance, of accuracy to the nearest 0,1 mg.

6.2 Apparatus for the tubular furnace combustion method, as specified in A.3.

6.3 Apparatus for the oxygen combustion flask method, as specified in B.3.

© IS0 2021 - All rights res
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6.4 Ion chromatograph, consisting of a pump to supply eluent, injection valve, column and
conductivity detector specified as follows:

— pump: capable of delivering a constant flow within the range of 0,1 cm3/min to 2,0 cm3/min;
— injection valve: capable of injecting a constant volume of solution;

— column: filled with anion exchange resin suitable for resolving sulfates from other inorganic anions;
some examples are shown in Annex C;

— suppressor: used for reducing the conductivity of high ionic eluent;

— (letector: for detecting conductivity.

An ign chromatograph fitted with a suppressor is suitable for sensitive analysis (seeFigure 1). The
supprressor is attached between the column and the detector. However, an ion chromatograph without a
suppressor may also be selected (see Figure 2). For the conditions of these methgds, see Annex C.

phmp injection valve column suppressor detector

Figure 1 — Example of basic ion chromatography)system with suppressor

pump injection valve column detector

Figure 2 — Example of basic ion chromatography system without suppressor

7 Procedure
7.1 | Preparation of sample solutions

7.1.1 Tubular furnace combustion method

Follow the method speeified in Annex A. Repeat the procedure to obtain two solutions for gach sample.

7.1.2 Oxygen ¢ombustion flask method

Follow the nmiethod specified in Annex B. Repeat the procedure to obtain two solutions for gach sample.

7.2 | Determination of sulfate by ion chromatography

7.2.1 Setting up the ion chromatograph

Set up the ion chromatograph in accordance with the manufacturer’s instructions.

7.2.2 Measuring calibration solutions

Inject the calibration solutions in order of increasing concentration and measure the conductivity of
sulfate peak area in each solution. Determine the correlation formula (calibration curve) by plotting the
peak area as a function of concentration by means of linear regression.

© IS0 2021 - All rights reserved 3
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7.2.3 Measuring blank solutions and sample solutions

Inject the blank solutions and sample solutions (obtained in 7.1) to measure the peak area. Then
determine the sulfate concentration of the blank Cy and that of the individual sample solution Cg by
using the calibration curve determined in 7.2.2.

8 Calculations

Calculate the sulfur content of the sample in percentage from each value determined in 7.2.3. Average
the two content values and round to the second decimal place, using Formula (1):

Cc. —Cr )XV
(Cs -Cq) , 32,06

100 €y
mx1dJ00 = 96,06

where
m is the mass of the test piece, in mg;
Cg is the sulfate concentration of the sample solution, in mg/dm3;
Cy is the sulfate concentration of the blank solution, in mg/dm3;
vV is the volume of the volumetric flask, in cm3;

32,06 s the atomic weight of sulfur;

96,06 |is the molecular mass of sulfate.

9 Precisjion

See Annex .

10 Test report
The test report shall include the following particulars:
a) sample details:
1) afufll description 6f'sample;
2) ifappropriate,the brief preparation procedure of the test piece from the sample;

b) test method:

1) ardfefénce to this document (i.e. ISO 19242:2021);

2) the combustion method used: “tubular furnace combustion method” or “oxygen combustion
flask method”;

3) theion chromatography system used: with suppressor or without suppressor;
4) the column and eluent used;

c) details of any procedures not specified in this document;

d) the testresults;

e) the date(s) of the test.

4 © IS0 2021 - All rights reserved
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Annex A
(normative)

Preparation of sample solutions by the tubular furnace

combustion method

A1l

This
metH

A2

A.2.1

massg

A.2.]

A.2.

A.2.4

NOTH
quali

A.3
The 4

A.3.1

General

annex specifies the preparation procedure of sample solutions by the tubular furnace
od.

Reagents and materials

Hydrogen peroxide solution of 500 pg/g, prepared by diluting hydrogen perox
fraction solution with water to 500 pg/g.

. Oxygen (CAS 7782-44-7), of mass fraction > 99,7 %;

3 Argon (CAS 7440-37-1), of mass fraction > 99,98%.

| Air (CAS 132259-10-0), of certified qualityyin contamination and purity.

Air is an alternative to the combustien gas of oxygen mixed with argon. The certificaty
L'y can be judged by individual laboratoriés in so far as it does not affect the test result.

Apparatus

ipparatus consists of combustion furnace, quartz tube, and absorbing vessel as shown i

Combustion furnace, with an electric heater capable of heating at a temperaturs

and maintaining the femiperature for a certain period of time.

A.3.7
100

A gad

. Quartz tube, having heat-resistance enough to be heated at the maximum temp
) °C) by the electric heater and capable of holding a sample boat inside.

consisting of oxygen mixed with argon, or air which is supplied by the system, passes

tube

combustion

ide of 30 %

ion of the air

n Figure A.1.

of 1 000 °C

erature (e.g.

through the

A.3.3 Sample boat, made of quartz, ceramic, or platinum and capable of carrying a test piece.

It shall have heat-resistance enough to be heated by the electric heater at the maximum temperature
(e.g. 1000 °C).

A.3.4 Absorption vessel, made of borosilicate glass with sufficient volume to allow the gas to bubble
through the absorbent solution in it when it is filled at a certain level.

Other types of apparatus than those specified in A.3.1 through A.3.4 may be used when they are proven
to give the same result.

©ISO
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A.4 Samj

In the case
ISO 4661-2,

A.5 Proc

A.5.1 Igni
0,1 mg afterj

A.5.2 Wei

on gas
be
oat

absorptipn vessel

on furnace

ple preparation
Fespectively.

pdure

cooling down.

¢

Figure A.1 — Example of tubular combustion furnace

bf raw rubber and rubber compounds, carry out sampling in accordance with ISO 1795 or

fe the sample boat“at the combustion maximum temperature and weigh it to the neprest

bh out a test’piece of about 10 mg taken from the test sample prepared in A.4 and place it in

the sample boat. Weigh the boat with the test piece to the nearest 0,1 mg and determine the mass ¢f the

test piece m

by subtracting the mass measured in A.5.1.

A.5.3 Foll

a) Insertthe sample boat into the combustion furnace.

w procedure aj throughty betow, umtess the ranmufacturer sinstructions are avaitabte:

b) Putthe absorbent solution in the absorption vessel and connect it to the combustion furnace.

c) Start the flow of the argon and oxygen gas, or air, and turn on the combustion furnace to burn the
test piece completely. An example of suitable conditions for the combustion is as follows:

— temperature: 1 000 °C;
— flow rate of argon gas: 200 cm3/min;

— flow rate of oxygen gas: 400 cm3/min;

© IS0 2021 - All rights reserved
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— amount of absorbent solution [H,0, 500 pg/g (A.2.1)]: 10 cm3.

A.5.4 After the completion of burning, wash through the whole tube and collect the washes into the
absorption vessel together with the absorbent solution to use as a sample solution. Adjust the amount of
the sample solution to 25 cm3 (V) for ion chromatography analysis.

When it is not possible to adjust the solution amount to 25 cm3 due to the system specification,
add a proper internal standard to the absorbent beforehand and plot a calibration curve using the
concentration ratio of the sulfate to the internal standard.

A.5.°

ithout placing
a test piece in the sample boat. Only one blank determination is necessary.

© IS0 2021 - All rights reserved 7
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Annex B
(normative)

Preparation of sample solutions by the oxygen combustion flask
method

B.1 Gendral

This annex [specifies the preparation procedure of sample solutions by the oxygen combustion [flask
method.

B.2 Reagents and materials

B.2.1 Hydrogen peroxide solution 0,3 % (mass fraction), prepared by diluting hydrogen pergxide
of 30 % mags fraction solution with water to 0,3 %.

B.2.2 Oxygen, of mass fraction > 99,7 %.
B.2.3 Ashl]ess filter paper, for wrapping a test piece (see Figtre B.1 for examples).

B.2.4 Membranous filter, of pore size 0,45 pm.

) b) 0) d)

F' n41 I 1 £ €31 £, £, il lada lala 1 &
lg 1T D.1 LAIIIPICTS U TTIICT PJdptl IUTIITN IUT UST WILIL PIdliiiulin S4dIlIpPic UdSATLS

B.3 Apparatus

B.3.1 Oxygen combustion flask, thick-walled, of capacity 300 cm3 to 1 dm3, with a platinum sample
basket as shown in Figure B.2.

The flask and the glass tube for platinum ignition wire shall be inspected for cracks before using in
order to avoid a risk of explosion due to the rapid combustion in the flask.

A flask of a different shape may be used when it is proven to give the same result.

8 © IS0 2021 - All rights reserved
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B.3.2 Combustion device, of infrared or electrical ignition.

B.3.3 Magnetic stirrer.

Key

1 bayonet cap

2 dopper wire

3  gheath

4 IS0 24/29 joint

5 latinum.-wite

6 }se bar

7 latinum sample basket
8 1dm3 flask

Figure B.2 — Example of combustion flask

B.4 Sample preparation

In the case of raw rubber and rubber compounds, carry out sampling in accordance with ISO 1795 or
ISO 4661-2, respectively.

©1S0 2021 - All rights reserved 9
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B.5 Procedure

B.5.1
0,1 mg (m).

B.5.2 Wrap the test piece with a filter paper (B.2.3) and fold it.

B.5.3 Place the filter paper with the test piece in a platinum sample basket.

B.5.4 Put

10 cm3 of hvdrngpn pprnYidp solution (R 2 1) in a flask and pl;\r‘p the stirring bar

Weigh out a test piece of about 10 mg taken from the test sample prepared in B.4 to the nearest

t the

bottom of th

B.5.5 Inse
tube. Place
possible. If 3

B.5.6 Whg
electrify thg
the paper e

B.5.7 Leay
3 min after {

B.5.8 Add
by the absof

B.5.9 Moy
constant vol

B.5.10 If ng
filter (B.2.4
the membr4g
discard the

B.5.11 Pref
wrapping a

e flask.

rt a rubber tube into the flask and purge it with oxygen for 10 s to 60 s. Remove ithe ry
the platinum sample basket (B.5.3) with the filter paper inside the flaskxas quick
flask equipped with an oxygen inlet tube is used, place the basket before)purging.

n using an electrical ignition apparatus, attach the flask to the-proper connectio
platinum sample basket. When using an infrared ignition apparatus, place the flask
tension in line with the focal point to ignite it. Complete the cofnbustion.

re the flask at the ambient temperature for 30 min or cool down in ice water for 1 m
he combustion is complete.

10 cm3 of water into the flask. Stand the flask fer.30 min to allow the gases to be absg
bent solution. Use a stirrer if necessary.

e the solution in the flask to a volumetric flask of 50 cm3 (V) and adjust the amount
ume for the sample solution for ion chromatography analysis.

cessary, filter out particulate.mdtter in the sample solution (B.5.8) with a membra
), before injecting it into thevion chromatograph. To avoid possible contamination
nous filter, wash the membranous filter with a small quantity of the sample solutior
wvashes before filtering.

are a blank solution by repeating the procedures from B.5.1 through B.5.10 wit
Lest piece with(the filter paper. Only one blank determination is necessary.

bber
ly as

ns to
with

in to

rbed

to a

nous
from
1 and

hout

10

© IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=e7da480c1ea9c36a32ec098cd7143f18

Annex C

(informative)

1SO 19242:2021(E)

Examples of conditions for ion chromatography

Examples of conditions for ion chromatography are given in Table C.1 and C.2. Other conditions may be
applied when they are proven to give the same results.

Table C.1 — Example of conditions for ion chromatography with suppress#r

Dionex IonPac AS 22-Fast? | TSKgel SuperIC-Anion HSP Shim-pack 1(12-SA2C
Parameter (Length: 150 mm, internal | (Length: 100 mm, internal | (Length: 250 min, internal
diameter: 4,0 mm) diameter: 4,6 mm) diameter: 4{0 mm)
Tl}silf\?,lgl((j)‘i/\r]:rllgdarﬁ??rgifsv?;fe?-ls- The following agents are diS§=["The following ag¢nts are dis-
' solved in 1 dm3 of water: solved in 1 dm3 of water:
Eluept 4,5 mmol sodium carbonate 3,0 mmol sodium carbonate | 1,8 mmol sodiunp carbonate
(CAS 497-19-8) and 1,4 mmol . .
X and 3,8 mmol sodiim*hydro- | and 1,7 mmol sodium hydro-
sodium hydrogen carbonate en carbonate en carbopate
(CAS 144-55-8) § §
Flow rate 1,2 cm3/min 1,5%m3/min 1,0 cm3/min
Colupmn 30 °C 40°C 40°C
temperature
Injedtion volume 10 mm3 30 mm3 50 mm?

NOTE The products listed in the footnotes to this table are examples of suitable products available commercially. This
information is given for the convenience of users of‘this document and does not constitute an endorsement Hy ISO of these
prodficts.

a2 Thermo Fisher Scientific Co. LTD.; 3-9 Motiya-cho Kanagawa-ku, Yokohama 221-0022, Japan, Fax +81-#5-453-9110,
Tel +81-45-453-9100, www.thermoscientific.com

.tosoh.com

Tosoh Corporation; 3-8-2 Shiba-Minato-ku, Tokyo 105-8623, Japan, Fax +81-3-5427-5220, Tel +8143-5427-5180,
y

Yhimadzu Corporation; 1,Nishinokyo Kuwabara-cho, Nakakyo-ku, Kyoto 604-8511, Japan, www.shimadfzu.com
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