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Foreword

[SO (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.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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Rubber — Analysis by pyrolytic gas-chromatographic
methods —

Part 2:

Determination of styrene/butadiene/isoprene ratio

WARNIN

1
documen(tdoes not purport to address all of the safety problems, if any, associated withvit
the respopsibility of the user to establish appropriate safety and health practices and to (
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WARNING

substancgs, or the generation of waste, that could constitute a local environmental hazard.

should be
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butadiene

in unvulcanized or vulcanized compounds. It is applicable to gopolymers/terpolymers consisting

butadiene

NOTE 1

gas chromdtography for the analyst to perform the operations described and interpret the results correctl

NOTE 2
and by a hig

— Persons using this document should be familiar with normal laboratory pra

ability of any other restrictions.

2 — Certain procedures specified in this document can involve the ‘use or gen

made to appropriate documentation on safe handling and disposal after use.

14

ment specifies a pyrolytic gas-chromatographic method for the determination of th
isoprene ratio in copolymers, or blends of homopolyniers and/or copolymers, in raw

and isoprene, and blends of these polymers.
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[he styrene/butadiene/isoprene ratio determined by this test method is affected by the prese
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ISO and IEC 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/

4 Principle

Calibration curves are first prepared by pyrolysing samples with known styrene/butadiene/isoprene ratios
and analysing the pyrolysis products by gas chromatography to determine the percentage content of each
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component [styrene (CAS Registry Number®1 100-42-5), butadiene (CAS 106-99-0) and isoprene (CAS 78-
79-5)], relative to the total of the three components.

Samples of unknown composition are then pyrolysed, and the pyrolysis products are analysed under the same
conditions. The styrene/butadiene/isoprene ratio in these samples is determined from the calibration curves.

5 Reagents

All reagents shall be of analytical grade.

5.1 Solvents for extraction purposes.

The follow

acetor]

methg

methy

5.2 Carty

nitrog

or

ing solvents are suitable:

e (CAS 67-64-1);

nol (CAS 67-56-1);
lethylketone (CAS 78-93-3).

ier gas:

en (CAS 7727-37-9);

— helium (CAS 7440-59-7).

5.3 Gas
132259-10

6 Appa

6.1 Extr

As specifig

6.2 Pyr
6.2.1 Ge
The appa

chromatog

6.2.2 Py

for flame-ionization detector: hydrogen (CAS*1333-74-0) plus purified compresse
-0).

ratus

raction apparatus

d in ISO 1407.
plysis/gas chromatography system

neral

Fatus utilized to obtain pyrograms consists of four parts: the pyrolysis devicg
raph, the'gas-chromatographic column and the data-handling equipment.

rolysis device

d air (CAS

e, the gas

The following types of pyrolysis device are suitable:

— micro-

furnace pyrolyser;

Curie-point pyrolyser;

— platinum-filament pyrolyser.

1) CAS Registry Number® is a trademark of the American Chemical Society (ACS). This information is given for the
convenience of users of this document and does not constitute an endorsement by ISO of the product named. Equivalent
products may be used if they can be shown to lead to the same results.
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6.2.3 Gas chromatograph

A wide variety of gas chromatographs using either a flame-ionization detector (FID) or a thermal-
conductivity detector (TCD) are suitable for use in this document. An FID is preferable for use with capillary
columns.

6.2.4 Chromatographic columns

A variety of column materials, column lengths, column diameters and stationary and liquid phases are
suitable for use in this document, the main requirement being high resolution of the volatile pyrolysis
products styrene, butadiene and isoprene.

NOTE 1 Capillary columns, which have a separation efficiency which is better than that of packed columns, are
suitable, but not essential.

NOTE 2  [apillary columns containing non-polar polydimethylsiloxanes (CAS 107-51-7) and (partially modified
[diphenyl- (CAS 68951-93-9), cyanopropylphenyl- (CAS 25561-30-2) or other] semi-polar silicones)(CAS 7440-21-3) are
suitable.

NOTE3  When using an ordinary (30 m) capillary column, it is difficult to separate isobutene (CAp 115-11-7)
from butadiene completely. The reason is that, in pyrolytic gas-chromatographic methods, isobutene,|which is a
decomposifion product of rubber containing the isoprene unit, is detected close to the-retention time of butadiene. It

is possible, however, to discriminate between isoprene and butadiene, even witheutcomplete separation, by means of

the calibratlion curves.

6.2.5 Da3ata-handling equipment

A recorde, an integrator or a computer data-analysis system rhay be used.

7 Procedure

7.1 Preparation of test samples from calibration samples and unknown sample

7.1.1 A minimum of three calibration samples shall be used for the preparation of the calibration curves,
including g calibration sample with the ceniposition expected for the unknown sample under test

7.1.2 Thie nature (raw, unvulcanized, or vulcanized) of the calibration samples should prefera
same as that of the unknown samplé under test.

bly be the

7.1.3 Prpcess or extend€roil and additives in both the calibration samples and the unknown s3
be extractpd in accordanee with ISO 1407:2023, method B, using a solvent suitable for the type of
concerned| (vulcanized-or unvulcanized). The solvent chosen shall not affect the polymer and sh
as much of the pro¢ess and extender oil and additives as possible. All samples shall be dried after
using the drying procedure specified in SO 1407:2023, method B.

NOTE rocess and extender oils can cause serious interference.

mple shall
compound
b1l remove
pxtraction,

7.1.4 From the extracted samples, take test samples of masses appropriate to the pyrolyser used, and as

small and as equal as possible for improved reproducibility.

NOTE Generally, the mass will be between 0,1 mg and 5 mg, depending on the pyrolyser.

7.2 Test conditions

7.2.1 The test conditions, including the pyrolysis temperature, shall be the same for the preparation of the

calibration curves and the analysis of the unkown sample.

© IS0 2024 - All rights reserved
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pyrolyser, and 600 °C to 750 °C for a platinum-filament pyrolyser.

7.2.3 The gas-chromatographic conditions will depend on the column used. Typical operating conditions
are given in Tables 1 to 3, and examples of chromatograms obtained using each set of conditions are given in

Figures 1 to 3.

Table 1 — Recommended operating conditions for micro-furnace pyrolysis followed by
chromatography with a 30 m capillary column

Pyrolysis

Device

Micro-furnace

Pyrolysis temperature

550°C

Gas-chromatographic column

Liquid phage
Film thickpess
Column digmeter/material
Column lenjgth

5 % diphenyldimethylpolysiloxane (CAS 68083+14<7)
1,0 pum

0,25 mm ID/stainless steel (deactivated)

30 m

Chromatographic conditions

Carrier gatnd flow rate
Injector temperature
Type of defector
Detector t¢mperature

Helium, 0,8 ml/min
250 °C

FID

300 °C

Temperatjire programme

Isothermal for 2 min at 50 °C
then increase at20 °C/min from 50 °C to 280 °C
then isothermal for 10 min at 280 °C

Table 2 — Recommended operating conditions for micro-furnace pyrolysis followed
chromatography with a 60 m capillary column

by

Pyrolysis

Device
Pyrolysis temperature

Micro-furnace
550 °C

Gas-chromatographic column

Liquid phafe
Film thickipess
Column digmeter/material
Column lerjgth

5 % diphenyldimethylpolysiloxane

1,0 um

0,25 mm ID/stainless steel (deactivated)
60 m

Chromatopgraphic conditions

Carrier gag and flawsrate
Injector tempetature
Type of defeetor

Helium, 0,8 ml/min
250°C
FID

Detector temperature

300°C

Temperature programme

Isothermal for 7 min at 50 °C
then increase at 10 °C/min from 50 °C to 280 °C
then isothermal for 10 min at 280 °C

© IS0 2024 - All rights reserved
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Table 3 — Recommended operating conditions for Curie-point pyrolysis followed by
chromatography with a packed column

Pyrolysis

Device Curie-point pyrolyser

Pyrolysis temperature/time 590°C/3s

Gas-chromatographic column

Liquid phase 20 % silicone 710/Chromosorb W (60 to 80 mesh)
Column diameter/material 3 mm ID/stainless steel

Column length 3m

Chromatographic conditions

Carrier gay Helilum
Type of defector FID
Temperatjire programme Isothermal for 2 min at 50 °C

then increase at 10 °C/min from 50 °C to 220 °C
then isothermal for 10 min at 220 °C

1
ALLL
0 2 4 6 8 10 12 14 16 18 X

Key

X time (thin)

1  butadipne

2 isoprehe

3  styreng

Figure 1 — Example of chromatogram obtained with 30 m capillary column
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Figure 2 — Example of chromatogram obtained with 60 m capillary column
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Figure 3 — Example of chromatogram obtained with packed column

7.3 Preparation of calibration curves

7.3.1 Place a test sample taken from one of the extracted calibration samples in the pyrolysis device,
pyrolyse it, and analyse the pyrolysis products with the gas chromatograph to obtain the pyrogram. Repeat
this step for the other calibration samples in order to prepare the calibration curves.

© IS0 2024 - All rights reserved
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7.3.2 Record the peak areas Pgy, Pgpy and Pp for styrene, butadiene and isoprene, respectively, obtained
from the data-handling equipment (6.2.5). Calculate the percentage peak area for each of these components,
Agr, Agp and Ajp, relative to their total, as follows:

P
Agp =—T %100
Pgr +Pgp +Pyp

P
Agp =——32 %100
Pgr +Pgp + Pyp

_ Pp
Ap =—x100
Per +Pap +Pp

Agt |is the percentage peak area for styrene;
Agp |is the percentage peak area for butadiene;
A;p |is the percentage peak area for isoprene;
Pgr |is the peak area for styrene;

Pgp |is the peak area for butadiene;

Pip |is the peak area for isoprene.

7.3.3 For each of the three components, styrene, butadieneand isoprene, prepare a calibration|curve. For
styrene, fqr example, plot the known percentage of styrené (relative to the total of the three) on|the X-axis
against thp percentage peak area obtained for styremne in the pyrolysis products on the Y-axis.|Prepare a
regression line for styrene by the least-squares method, and obtain the slope a and Y-intercept bf Using the
same procedure, prepare the calibration curves for butadiene and isoprene, and obtain the slopds (c and e)
and Y-intercepts (d and f).

7.4 Analysis of the unknown sample

7.4.1 Pyprolyse a test sample prépared from the extracted unknown sample under the same conditions as
for the caljbration samples.

7.4.2 Reford the peakareas Q¢1, Qpp and Qp for styrene, butadiene and isoprene, respectively, obtained
from the data-handling equipment (6.2.5).

Calculate (s, Cgp and C;p, the percentage peak areas relative to the total, as follows:

Csr =1 Ost X100
<> 1 J'_‘CBU +‘Cll"

Cap = %D x100
Qst +@pp +Qp

Cip Crp %100

) Qst +Qpp +Cip

© IS0 2024 - All rights reserved
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Csr  is the percentage peak area for styrene;
Cgp isthe percentage peak area for butadiene;
Cip  isthe percentage peak area for isoprene;
Qsr  isthe peak area for styrene;

Qpp is the peak area for butadiene;

Qp isthe peakarea for isoprene.

8 Expression of results

Determing the styrene/butadiene/isoprene ratio in the unknown sample using the following formulae:

Cor —Db
“ST
S P
Bep =~ _—
p—/f
Bp = T
where
Bgr is the percentage of styrene inthe test sample;
Bgp is the percentage of butadiene in the test sample;
Bip is the percentage of isoprene in the test sample;

a,b,c|d eandf  arethe valuesidetermined in 7.3.3;

Cst, Cgpand C;p  are as defined in 7.4.2.

9 Precision

See Annex|A.

10 Test report

The test répeFt chall sl dn +hn £Foll ozt g 1 o b

PO T STIalT IIIcroa Ot oI e TOTTO VY TIT S T TOT IO CTOUTT

a) sample details:
1) afull description of the unknown sample and its origin;
2) the extraction solvent;

b) test method:

1) afull reference to the test method used, i.e. a reference to this document (ISO 7270-2:2024);

© IS0 2024 - All rights reserved
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2) the apparatus and operating conditions used (type of pyrolysis device, pyrolysis temperature, gas-
chromatographic apparatus and gas-chromatographic conditions);

¢) details of any operations not specified in this document;
d) testresults:

1) the styrene/butadiene/isoprene ratio, expressed as a whole number, for the unknown sample
analysed;

2) the date of the test.

© IS0 2024 - All rights reserved
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Annex A
(informative)

Precision

A.1 General

An interlak
compound
condition

Six laborat

Three vul

rubber (SB

with diffe
calibratioy
made up o

A “test req
sample. Te

The precis
any group
apply to th

A.2 Results

The precis

The actual

with the IT

Repeatabi
in Tables /
value shou

Reproduci
tabulated
tabulated ¥

s was conducted in 2001 in accordance w1th ISO/TR 927219862) usmg the appc
given in Table 2. The precision was evaluated as a type 1 precision as defined in ISO/T

ories participated in the programme.

anized compounds, designated A, B and C, with different blend ratios: of styrene
R) and isoprene rubber (IR) were used as the unknown samples. Four“vulcanized c
rent blend ratios of SBR/IR were delivered as calibration samples‘for the determina

curves, along with information on the component ratio in each.The SBR used in th
f 50 % styrene monomer units and 50 % butadiene monomer upnits.

ult” was taken as the mean value from two tests carried‘out on the same day on each
st results were obtained on two different days seven days apart.

ion results as determined by this ITP should not be*applied to acceptance or rejection
of materials or products without documentation“Showing that the results of this I
e products or materials being tested.

ion results are given in Tables A.1,;A.2 and A.3.

blend ratio of SBR/IR in the three unknown samples A, B and C is given in Table A.4 for c
P results.

ity: The repeatability r ofthe test method has been established as the appropriate valug
\.1, A.2 and A.3 for-each material. Two single test results that differ by more than the
ld be considered-suspect and suggest that some appropriate investigative action be tak

n Tables Att;°A.2 and A.3 for each material. Two single test results that differ by mor
ralue sheuld be considered suspect and suggest that some appropriate investigative actio

bility: The reproducibility R of the test method has been established as the appropr

7ulcanized
ratus and
R 9272.

butadiene
pmpounds
Fion of the
e ITP was

unknown

testing of
P actually

bmparison

tabulated
tabulated
en.

iate value
e than the
n be taken.

2) Withdrawn. Replaced by ISO 19983.
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