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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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editorial ru
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on the ISO list of patent declarations received (see www.iso.org/patents).
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constitute ah endorsement.
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The committee responsible for this document is ISO/TC 45y Rubber and rubber products, Subcomm
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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 International Standard 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.

© ISO 2015 - All rights reserved v
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INTERNATIONAL STANDARD

ISO 19242:2015(E)

Rubber — Determination of total sulfur content by ion
chromatography

WARNING 1 — Persons using this International Standard should be familiar with normal
laboratory practice. This International Standard does not purport to address all of the safety
problems, ifany, associated with its use. Itis 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 International Standard pre-supposes sufficient working
of the principles and techniques of ion chromatography for the analyst to performmithe
described and interpret the results correctly.

CAUTION — Certain procedures specified in this International Standard may 1
use jor generation of substances, or the generation of waste, that ‘eould constit
environmental hazard. Reference should be made to appropridte documentati
handling and disposal after use.

N

1

This
raw

prep
flask

The {
itis

The

2

The
indifg
refer

ISO 3
ISO 1

Normative references

bcope

International Standard specifies a method for the determination of the total sulfu
Fubber and unvulcanized or vulcanized rubber compounds by ion chromatography f
hration of a sample solution using either a tubular“furnace combustion or an oxygen
method.

ubular furnace combustion method is applieable for rubbers with sulfur content less t
ossible that the oxygen combustion flaskymethod will not give sufficiently accurate re

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

696, Watef:for analytical laboratory use — Specification and test methods

795, Rubber, raw natural and raw synthetic — Sampling and further preparative proced

knowledge
operations

nvolve the
ute a local
pn on safe

r content of
pllowing the
combustion

nan 0,1 % as
sults.

pxygen combustion flask method is ot applicable to rubbers containing a metal salt that forms an
insoluble metal sulfate, such as bariumysulfate.

ent and are
For undated
es.

ures

ISO 4

661-2, Rubber, vulcanized — Preparation of samples and test pieces — Part 2: Chemical {

ests

3 Principle

3.1

Combustion

3.1.1 Tubular furnace combustion method

A test piece is burnt in an oxygen stream in a tubular furnace with an electrical heater. The sulfur in the
test piece is oxidized to sulfur dioxide, which is absorbed into hydrogen peroxide solution and converted

to su

© ISO
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3.1.2 Oxygen combustion flask method

A test piece is burnt in the presence of oxygen in a flask. The sulfur in the test piece is oxidized to sulfur

dioxide, whi

ch is absorbed into hydrogen peroxide solution and converted to sulfuric acid.

3.2 Determination

The sulfate from either the tubular furnace combustion or the oxygen combustion flask method is
quantitatively analysed by ion chromatography, and the result is converted to the total sulfur content of

the original

rubber sample.

4 Reage
Use only reg

the tubular
method are

4.1 Watel

nts

gents of recognized analytical grade and only water as specified in 4.1. The reagent
furnace combustion method are given in A.2. The reagents for the oxygen cdmbustion
given in B.2.

, of grade 1 or higher as specified in ISO 3696.

s for
flask

4.2 Sulfatle stock standard solution, of a commercial standard solutien with a certified sylfate

concentratid

Observe the|

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

manufacturer’s expiry date or recommended shelf-life.

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

with water

Prepare at 1§

4.1).

bast four solutions of different concentratien of sulfate covering the expected concentr

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

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

Follow the ¢

5 Appar

olumn manufacturer’s instructions. Some examples of eluent are shown in Annex C.

atus

5.1 Balange, of accuracyto-the nearest 0,1 mg.

5.2 Appail

5.3 Appal

ratus for-the tubular furnace combustion method, as specified in A.3.

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

(4.2)

htion

5.4

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;

Some examples are shown in Annex C;

Detecto

Suppressor: used for reducing the conductivity of high ionic eluent;

r: for detecting conductivity.

Ion chromatograph, consisting of the pump to supply eluent, injection valve, column and

Column: filled with anion exchange resin suitable for resolving sulfates from other inorganic anions.

© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=3b59f145779f1b017a1c8c9e0e8e47c9

ISO 19242:2015(E)

An ion chromatograph fitted with a suppressor is suitable for sensitive analysis (see Figure 1). The
suppressor 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 methods, see Annex C.

pump injection valve column suppressor detector

Figure 1 — Example of basic ion chromatography system with suppressor

pump injection valve column detector

6 1

6.1

6.1.1
Follof

6.1.2
Follof

6.2

6.2.1

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

6.2.2

Injed

sulfate peak area in eaeh solution. Determine the correlation formula (calibration curve) by

peak

6.2.3

Injed

Figure 2 — Example of basic ion chromatography system without suppresss

Procedure
Preparation of sample solutions

Tubular furnace combustion method

w the method specified in Annex A. Repeat the procedure’to create two solutions for e

Oxygen combustion flask method

w the method specified in Annex B. Repeat the\procedure to create two solutions for e
Determination of sulfate by ion chromatography

Setting up the ion chromatograph

Measuring calibrationsolutions

t the calibration selutions in order of increasing concentration and measure the cor

area as a function of concentration by means of linear regression.

Measuring blank solutions and sample solutions

pI

ach sample.

ach sample.

ductivity of
plotting the

n determine

t thé blank solutions and sample solutions (created in 6.1) to measure the peak area. The|

the

ulfate concentration of the blank Cg and that of the individual sample solution Cs by using the

calib

© ISO

ration curve determined 1n 6.2.2.
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7

Calculations

Calculate the sulfur content of the sample in percentage from each value determined in 6.2.3. Average
the two content values and round to the second decimal place, using the following formula:

Co—Cp)xV
(Cs—Cp)<V 32,06 140

Wx1000 96,06

where
w is the mass of the test piece, in mg;
Cs s the sulfate concentration of the sample solution, in mg/dm3;
Cg is the sulfate concentration of the blank solution, in mg/dms3;
V is the volume of the volumetric flask, in cm3;

8

See Annex D.

9

32,06 s the atomic weight of sulfur;

96,06 fis the molecular mass of sulfate.

Precisjion

Test report

The test report shall include the following particulars:

a)

b)

sample details:

1) afufll description of sample;

2) if appropriate, the brief preparation procedure of the test piece from the sample;

test method:

1) ardference to this International Standard (i.e. ISO 19242);

2) the|combustionmethod used: “tubular furnace combustion method” or “oxygen combustion

flask method”;

3) the|method-of ion chromatography used: suppressor or non-suppressor method;

4) the|cglumn and eluent used;

details of any procedures not specified in this International Standard;
the test results;

the date(s) of the test.

© ISO 2015 - All rights reserved
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Annex A
(normative)

Preparation of sample solutions by the tubular furnace

combustion method

A1l
This

comlpustion method.

A2

A.2.1
fract

A.2.2

A.2.4

NOTH
quali

A.3
The 4

A.3.1

maintaining the tempepature for a certain period of time.

A.3.2
100

A gad

General

annex specifies the preparation procedure of sample solutions by the|tubu

Reagents and materials

Hydrogen peroxide solution of 500 ug/g, prepared by dilutitig hydrogen peroxide ¢
on solution with water to 500 pg/g.

Oxygen, of mass fraction > 99,7 %.
Argon, of mass fraction > 99,98 %.

Air, of certified quality in contamination.and purity.

Air is an alternative to the combustion 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 fufnace, with an electric heater capable of heating at a temperature of

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.

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

lar furnace

f30 % mass

ion of the air

n Figure A.1.

L 000 °C and

erature (e.g.

igh the tube.

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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Key
coml}

quar

abso

U s W N

coml

A.4 Samj

In the case
ISO 4661-2,

A.5 Proc

A.5.1 Ignif
0,1 mg after

A.5.2 Weig

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

test piece W

A5.3 Foll
a)

Insertt

samjple boat

) |

bustion gas
tz tube

Irption vessel

bustion furnace

Figure A.1 — An example of the tubular combustion furnace

ple preparation

bf raw rubber and rubber compounds, carty out sampling in accordance with ISO 17
Fespectively.

pdure

e the sample boat at the/combustion maximum temperature and weigh it to the ne
cooling down.

bh out a test piece’ef-about 10 mg taken from the test sample prepared in A.4 and placg

by subtracting-the mass measured in A.5.1.

w proeedure a) through c) below, unless the manufacturer’s instructions are available:

nesample boat into the combustion furnace.

D5 or

arest

itin
f the

b)
‘)

Put the absorbent solution in the absorption vessel and connect it to the combustion furnace.

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;

amount of absorbent solution [H202, 500 pg/g (A.2.1)]: 10 cm3.

Start the flow of the argon and oxygen gas, or air, and turn on the combustion furnace to burn the

© ISO 2015 - All rights reserved
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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 write a calibration curve using the
concentration ratio of the sulfate to the internal standard.

A.5.5 Prepare a blank solution by repeating the procedures from A.5.1 through A.5.4 without placing a
test piece in the sample boat. Only one blank determination is necessary.

© IS0 2015 - All rights reserved 7
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Annex B
(normative)

Preparation of sample solutions by the oxygen combustion flask
method

B.1 Gendral

Thisannex specifies the preparation procedure of sample solutions by the oxygen combustion flask mefhod.

B.2 Reagents and materials

B.2.1 Hydlzogen peroxide solution 0,3 % (m/m), prepared by diluting hydfogen peroxide of B0 %
mass 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 Figure'B.1 for examples).

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

(a) (b) (c) (d)

Figure B:1— Examples of filter paper form for use with platinum sample baskets

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.

B.3.2 Combustion device, of infrared or electrical ignition.

8 © IS0 2015 - All rights reserved
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B.3.3 Magnetic stirrer.

] S

S P
- — 2
N[} BZa
4

~
)
<

Bbayonet cap
dopper wire
dheath

SO 2429 joint
platinum wire

fuse bar
platinum sample basket
1 dm3 flask

R N O U A WN

Figure B.2 — An example of a combustion flask

B.4 Sample preparation

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

© IS0 2015 - All rights reserved 9


https://standardsiso.com/api/?name=3b59f145779f1b017a1c8c9e0e8e47c9

ISO 19242

:2015(E)

B.5 Procedure

B.5.1
nearest 0,1

mg (W).

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

Qcm3 nfhvdrngpn pprnyidp solution (R 2 1) inaflask and p]nr‘p the stirring barattheb

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

ttom

of the flask.

B.5.5 Inse
tube. Place t
If a flask eqy

B.5.6 Whs
the platinun
extension in|

B.5.7 Leay
after the coq

B.5.8 Add
the absorbe

B.5.9 Moy

constant volume for the sample solution for ion cliromatography analysis.

B.5.10 If nq
filter (B.2.4)
membranou
the washes |

B.5.11 Prej
a test piece

rt a rubber tube into the flask and purge it with oxygen for 10 s to 60 s. Remove 'the ry
he platinum sample basket (B.5.3) with the filter paper inside the flask as quickly as pos
ipped with an oxygen inlet tube is used, place the basket before purging.

n using an electrical ignition apparatus, attach the flask to the proper.cennections to ele
1 sample basket. When using an infrared ignition apparatus, place\the flask with the
line with the focal point to ignite it. Complete the combustion.

e the flask at the ambient temperature for 30 min or cool down in ice water for 1 min to 1
hbustion is complete.

10 cm3 of water into the flask. Stand the flask for<30 min to allow the gases to be absorb
ht solution. Use a stirrer if necessary.

e the solution in the flask to a volumetric flask of 50 cm3 (V) and adjust the amount

pcessary filter out particulate matter in the sample solution (B.5.8) with a membrag
, before injecting it into the.ion chromatograph. To avoid possible contamination frox
s filter, wash the membranolis filter with a small quantity of the sample solution and di
pefore filtering.

are a blank solutionby repeating the procedures from B.5.1 through B.5.10 without wray
vith the filter paper. Only one blank determination is necessary.

bber
sible.

Ctrify

aper

min

bd by

to a

nous
n the
bcard

ping

10
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Annex C
(informative)

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 the suppressor method of ion chromategraphy

Dionex IonPac AS 22-Fasta TSKgel SuperIC-Anion HSP Shim-pack I€-SA2¢
Farameter (Length: 150 mm, internal diame- | (Length: 100 mm, internal diame- | (Length: 250 mm, infternal diame-
ter: 4,0 mm) ter: 4,6 mm) ter: 4,0 mm)
The following agents are dissolved | The following agents are dissolved in'{~The following agents re dissolved in
in 1 dm3 of water: 1 dm3 of water: 1 dm3 of whter:
Eluen 4,5 mmol Sodium carbonate and 3,0 mmol Sodium carbonate@nad 1,8 mmol Sodium cgrbonate and
1,4 mmol Sodium hydrogen car- 3,8 mmol Sodium hydrogen ¢ar- 1,7 mmol Sodium hlydrogen car-
bonate bonate bonatg
Flow rate 1,2 cm3/min 1,5 cm3 /min, 1,0 cm3/rhin
Colunin temperature 30°C 40.°C 40°C
Injectjon volume 10 mm3 30.mm3 50 mm

NOTE  The products listed in the footnotes to this table are.€xamples of suitable products available comrpercially. This
information is given for the convenience of users of this document and does not constitute an endorsement jy ISO of these
prodyicts.

a  Thermo Fisher Scientific Co. LTD.; 3-9 Moriya-choKanagawa-ku, Yokohama 221-0022, Japan, Fax +81{45-453-9110,
Tel +8$1-45-453-9100, www.thermoscientific.com

b Tosoh Corporation; 3-8-2 Shiba Minato-ku;*Tokyo 105-8623, Japan, Fax +81-3-5427-5220, Tel +81-3-5427-5180,
www.tosoh.com
¢ Shimadzu Corporation; 1, Nishinokyo Kuwabara-cho, Nakakyo-ku, Kyoto 604-8511, Japan, www.shimadfzu.com

Tiable C.2 — Example of conditions for the non-suppressor method of ion chromatpgraphy

Shim-pack IC-A32 TSKgel IC-Anion-PWy, PEEKD
Parameter (Length: 150 mm, (Length: 75 mm,
internal diameter: 4,6 mm) internal diameter: 4,6 mm)
The following agents are dissolved in The following agents are dissolvedin
1 dm3 of water 1 dm3 of water
Eluen 8,0 mmol p-Hydroxybenzoic acid, 1,3 mmol Potassium gluconate,
3,2 mmol Bis-Tris, 1,3 mmol Borax,30 mmol Boric acid,
and 50,0 mmol Boric acid 10 % Acetonitrile, and 0,5 % Glycerine
Flow rate 1,0 cm3/min 1,0 cm3/min
Column temperature 40°C 40°C
Injection volume 50 mm3 50 mm3
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 by ISO of these
products.
a  Shimadzu Corporation; 1, Nishinokyo Kuwabara-cho, Nakakyo-ku, Kyoto 604-8511, Japan, www.shimadzu.com
b Tosoh Corporation; 3-8-2 Shiba Minato-ku, Tokyo 105-8623, Japan, Fax +81-3-5427-5220, Tel +81-3-5427-5180,
www.tosoh.com

© IS0 2015 - All rights reserved 11
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