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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.

The proceglures used to develop this document and those intended for its further maintenange
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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INTERNATIONAL STANDARD ISO 21561-1:2015(E)

Styrene-butadiene rubber (SBR) — Determination of the
microstructure of solution-polymerized SBR —

Part 1:
1H-NMR and IR with cast-film method

WARNING — Persons using this International Standard should be familiar with normallaboratory
practice. This International Standard does not purport to address all the safety problems, if any,
asspciated with its use. It is the responsibility of the user to establish appropriate safety and
hedlth practices and to ensure compliance with any national regulatory conditions.

CAUTION — Certain procedures specified in this International Standard may involve [the use or
gernleration of substances, or the generation of waste, that could constitute a local environmental
hazard. Reference should be made to appropriate documentation dn)safe handling and disposal
after use.

1 [Scope

Thi part of ISO 21561 specifies procedures for the quantitative determination of the microsftructure of
the putadiene and the content of styrene in solution-polyntierized SBR (S-SBR) by 1H-NMR sp¢ctrometry
as an absolute method and by IR spectrometry as a relative method. The styrene content is expressed in
mags % relative to the whole polymer. The trans, cis‘and vinyl contents are expressed in mo] % relative
to the butadiene. These methods are applicable only for raw rubber.

NOTE1 IR spectrometry can also give absoldte values of microstructure by calibration with S-SBRs of known
absglute microstructure obtained by 1H-NMR spectrometry.

NOTE 2  Only “vinyl”, “trans” and “cis”yare used in this part of ISO 21561. However, the expressjon of vinyl,
trars and cis mean as follows in general:

— | vinyl: vinyl unit, vinyl bond, 1,2-unit, 1,2-bond, 1,2-vinyl-unit or 1,2-vinyl-bond;
— |trans: 1,4-trans unit, I,4-trans bond, trans-1,4 unit or trans1,4 bond;

— |cis: 1,4-cis unit, 4-¢is bond, cis-1,4 unit or cis-1,4 bond.

2 |Normative references

The following documents, in whole or in part, are normatively referenced in this documgnt and are
indispensable for its application. For dated references, only the edition cited applies. F¢r undated

ISO 1407, Rubber — Determination of solvent extract

[SO 1795, Rubber, raw natural and raw synthetic — Sampling and further preparative procedures

3 NMR method (absolute method)
3.1 Principle

3.1.1 A small quantity of an extracted S-SBR is dissolved in deuterated chloroform.

© IS0 2015 - All rights reserved 1
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3.1.2

A TH-NMR spectrum of the sample solution is measured at a 15 ppm sweep width.

With the peak areas obtained from 1H-NMR, calculate the microstructure of the butadiene portion and
the styrene content by the theoretical formulae.

3.2 Reagents

3.2.1 Deuterated chloroform, CDCI3, containing 0,03 % of tetramethyl silane (TMS) as internal
standard. The purity of the CDCl3 itself shall be >99,8 %.

3.2.2 Eth
3.2.3 Acs
3.3 App
33.1 1H

anol-toluene azeotrope (ETA).
ptone.
aratus

NMR spectrometer, Fourier transform nuclear magnetic resonance((ET-NMR) spectrom

with a resgnance frequency of 150 MHz or higher.

3.3.2 Ext

3.3.3 Vaq

3.34 An

raction apparatus, as described in ISO 1407.
fuum oven, operated at 50 °C to 60 °C.

hlytical balance, accurate to 0,1 mg.

3.4 Sampling

The raw ry
3.5 Pro¢

3.5.1 Ex{
using ETA
50 °C to 60

3.5.2 Tal
chloroform
of the spec

3.5.3 Me

bber shall be sampled in accordance with ISO 1795.
edure

ract rubber additives suchyas extender oil and antioxidants in accordance with ISO 14
or acetone as the extraction solvent. Dry the extracted S-SBR under vacuum in the ove
°C.

e 15 mg to 50 mg of the extracted S-SBR and dissolve it completely in 0,5 ml of deuterd
(3.2.1). The‘coricentration of this sample solution shall be selected according to the resolu
frometerused.

asute'the IH-NMR spectrum of the S-SBR solution and a solvent blank [deuterated chlorof

pter

07,
 at

ted
fion

DIrm

(3.2.1)] un

Hérthe following conditions:

Mode

Measurement temperature

single-pulse mode

room temperature to 50 °C

No. of data points 32k

Offset 5 ppm

Sweep width 15 ppm or wider

Flip angle 30° pulse

2 © IS0 2015 - All rights reserved
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Pulse repetition 4sto30s

Accumulation 32 times to 256 times
3.6 Determination of the microstructure

3.6.1 Integrate the signal intensities of the 1H-NMR spectrum over each of the areas 4, B and C defined
in Table 1. Figure 1 gives an example of a ITH-NMR spectrum showing the areas 4, B and C.

Tall 1 Deafs 2k £ a3 lizad i3
1dUIiIC I DCIIIIIVUITI Ul Dlsllal llltcsl adlivil diTdos
Area Signal integration range
A From 4,3 ppm to minimum intensity point around 5,0 ppm
B From minimum intensity point around 5,0 ppm to minimum‘intensity
pointaround 6,1 ppm
C From minimum intensity point around 6,1 ppm to 7,7 ppm

TMSplank |Integrated signal intensity of TMS in CDCI3 containing TMS

CDplank From 6,1 ppm to 7,7 ppm in CDCl3 containing<TMS

TMS Integrated signal intensity of TMS in S-SBR sample solution

§
g
lB%
e P
AV N
Xs 6 i 2 0

Key
X shift (ppm)
A,B,C  signal integration areas

Figure 1 — Example of a Text 1H-NMR spectrum for an S-SBR

3.6.2 Normalize the solvent blank measured in 3.5.3 using Formula (1) and subtract it from the signal
intensity of the solvent determined from the integrated signal intensity of area C:

© IS0 2015 - All rights reserved 3
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C

where

Ccalib

calib —

C — Dy ¥ (TMS /TMSblank)

(0

is the integrated signal intensity of area C compensated for the effect of CHCl3 in CDCl3,

3.6.3 Calculate the content of each microstructure component (trans and cis, and vinyl) of the
butadiene portion and the styrene content, using Formulae (2) to (4):

(c (= 104
TOT

Wealib/ >/

S = x 100
™ (€ caiin/5) % 104 + (B/2 + Al4) x 54
Al2
V=— x 100
B/p+ Al4

B2- Al4
TC = - x 100

B(2+ Al4

where

Sm is the styrene content of the S-SBR, in mass %;
V' is the vinyl content of the butadiene portion of the S-SBRjin mol %);
TC is the trans and the cis content of the butadiene paxtion of the S-SBR, in mol %.

4 IR me¢thod (relative method)

4.1 Prin

4.1.1 As

41.2 Th

ciple
mall quantity of extracted S-SBR'is dissolved in cyclohexane and coated on a KBr plate.

e [R spectrum of the S-SBR)sample on the KBr plate is measured over the range from 1 200 c

to 600 cm
vinyl and t

4.1.3

4.2 Reagents

1. From the absorbances at four specified wavelengths, the contents of the trans, the cis,
e styrene are calculated using Hampton’s method (see Reference [1] in the Bibliography)

IR ppectrometry{can also give absolute values of microstructures by calibration with S-SBR
known absplute mierestructure obtained by 1H-NMR spectrometry.

(2)

(3)

(4)

n-1
the

4.2.1 Ethanol-toluene azeotrope (ETA).

4.2.2 Acetone.

4.2.3 Cyclohexane.

4.3 Apparatus

4.3.1

IR spectrophotometer.

IR spectrophotometer, Fourier transform infrared (FTIR) spectrophotometer or double-beam

© ISO 2015 - All rights reserved
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4.3

4.3.

4.3
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.2 Extraction apparatus, as described in [SO 1407.

3 Vacuum oven, operated at 50 °C to 60 °C.

.4 Analytical balance, accurate to 0,1 mg.

5 20 ml sample vial, with cap.

.6 Pasteur pipette, and 10 ml pipette.

4.3

4.3

4.3

4.4
The

4.5

4.5

4.5
ace

4.5

4.5
and|

4.5

4.5
int

4.5
thid

7 KBr plate, for IR spectrophotometry.
8 Holder, for KBr plate.
9 Metal spacer, of 0,1 mm thickness.

Sampling

raw rubber shall be sampled in accordance with ISO 1795.
Procedure
1 Preparation of sample solution

1.1 Extract extender oil and antioxidant fromi*the S-SBR in accordance with ISO 1407, u
one. Dry the extracted S-SBR in a vacuum oy¥en at 50 °C to 60 °C.

1.2 Put0,2 g of extracted S-SBR sahiple in a 20 ml sample vial.

1.3 Add 10 ml of cyclohexane to the sample vial using the 10 ml pipette. Place the cap
shake to dissolve the S-SBRscompletely.

2 Preparation of filmcoating

e spacer hole uising the Pasteur pipette.

knes§affects absorbance, adjust the volume of sample solution accordingly.

sing ETA or

on the vial

2.1 Place the.Q;Dmm thick metal spacer on the KBr plate and spread the sample solution uniformly

2.2 Remove any excess sample solution from the spacer, leaving a film of uniform thickness. As film

4.5.

4.5 Dry ine sample solution on the Kbr plate.

4.5.2.4 Remove the spacer from the KBr plate and place the KBr plate in the holder ready for insertion
in the IR spectrophotometer.

NOTE Details of the equipment and procedure for preparing the film coating are given in Annex
4.5.

4.5.

3 Measurement of IR spectrum

3.1 Measurement by Fourier transform IR spectrophotometer

A.

4.5.3.1.1 Measure the background spectrum of a blank KBr plate from 1 200 cm-1 to 600 cm-1.

© ISO 2015 - All rights reserved
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4.5.3.1.2 Measure the spectrum of the sample KBr plate from 1 200 cm-1 to 600 cm-1.

4.5.3.1.3 In order to ensure good reproducibility, the maximum absorbance for the sample spectrum
shall be in the range from 0,10 to 0,15.

4.5.3.1.4 An example of an FTIR spectrum is shown in Figure 2.
4.5.3.2 Measurement by double-beam IR spectrophotometer

4.5.3.2.1 rPlaceblankKBrptatesimbothrthesampteand reference paths;amd mreasurethe background
spectrum ffom 1 200 cm-1 to 600 cm-1 in the absorbance mode.

4.5.3.2.2 |Place the sample KBr plate in the sample path and a blank KBr plate in the reference path.
Measure the sample spectrum from 1 200 cm-1 to 600 cm-1 in the absorbance mode.

4.5.3.2.3 [In order to ensure good reproducibility, the maximum absorbance for(the sample spectfum
shall be in the range from 0,10 to 0,15.

4.5.3.2.4 [Produce a difference spectrum for the calculation of the micrgstructure by subtracting|the
backgroung spectrum from the sample spectrum.

D_
| e
1 4
/
n
I 2 3 i
R4 \ |l
A0 s
wfﬁwﬁ/ \J \x_ﬁh___, AN

Key

1 trans
2 vinyl
3 cis

4  styren

Figure 2 — An example of an FTIR spectrum for an S-SBR

4.6 Determination of microstructure

4.6.1 Measurement of absorbance corresponding to each microstructure component

Measure the absorbance values at the wave numbers corresponding to the microstructure components
as specified in Table 2. For “cis”, the absorption peak is weak and the wave number of the peak is
affected by the styrene content of the polymer.

6 © IS0 2015 - All rights reserved
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Table 2 — Measurement of absorbances for each microstructure component of S-SBR

Notation for Microstructure
Remarks
absorbance component
D¢ trans Measure the absorbance at the peak maximum from 960 cm-1to 980 cm-1.
Dy vinyl Measure the absorbance at the peak maximum from 900 cm-1t0 920 cm-1.
The wave number at this peak maximum is affected by the nature of the
polymer, such as the styrene content. When the peak maximum is visible,
D cis read off the absorbance at the peak maximum from 720 cm-1to 740 cm-1.
¢ If the styrene content is over 30 %, the peak of the cis is hidden between
the two large styrene absorptions at 755 cm-1 and 699 cmpzL. |n this case,
measure the absorbance value at 724 cm-1.
Ds styrene Measure the absorbance at the peak maximum from 690 cm-1to 710 cm-1.

4.6)2 Calculation

4.6)2.1 General

The
D 4

4.6{2.2 Calculation of microstructure component concentration

The

4.6
The

content of each microstructure component in the S-SBR is calculated from the absorbar
nd Dg) of the sample at the corresponding wave numbers by theformula given by Hampt

ces (D¢, Dy,
on.[1]

concentration of each microstructure component (Cs'Cy, Ct, and C¢) is expressed by the following
formulae:
C, =—00138xD, —0,260 4 x D + 0,373 9X'D (5)
C, =—-00067xD +03140xD, —0,0154x D, —0,0071x D, (6)
C, =03937xD, —0,0112xD;+ 0,036 1x D, —0,0065x D (7)
C.=-00044xD —00274xD, +18347xD_—0,0251x D, (8)
2.3 Calculatiomof microstructure
content (mol % in butadiene portion or mass % of styrene) of each microstructure component is
expfessed by the following formulae:
S, s 100 9)
N\ X
"™ _C +C _+C tC,
C
V=—-—Y %100 (10)
C,+C, +C.
C
T=——t %100 (11)
C,+C, +C,
0 2015 - All rights reserved 7
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C
£ x 100

C=—— ¢
C,+C, +C,

where

Sm 1is the styrene content in the S-SBR, in mass %;

V' is the vinyl content in the butadiene portion of the S-SBR, in mol %;

T isthe trans content in the butadiene portion of the S-SBR, in mol %;

C is

4.7 Con)

471 Ab
measurem

(12)

the cis content in the butadiene portion of the S-SBR, in mol %.

Fersion of the IR method results to absolute results

bolute values of the styrene and vinyl contents can be obtained ffom IR spect
ents by calibration of the IR method using S-SBR with known styrene and vinyl cont

determinedl by 1H-NMR. Figures 3 and 4 show examples of such a calibration.

4.7.2 Th

e measurement conditions (resolution, apodization, scan time,-etc.) used to produce th

"um
bnts

e R

spectrum ¢f the unknown sample shall be the same as the measurement conditions for the standard

samples ug

Key

ed to make the calibration curve.

Y 4
50
»
40 A
pe
30 /A/
//O
20
/-’ 0 s-01
s X S-02
10 A s-06
® S-07
O S-08
0 =
0 10 20 30 40 50 X

X vinyl content by NMR (mol % in butadiene portion)

Y vinyl content by IR (mol % in butadiene portion)

Figure 3 — Calibration curve for vinyl content between NMR method and IR method

© ISO 2015 - All rights reserved
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50

40 7

30 s

O S-01
X S-02
10 A S-06
% S-07
O S-08

(e}
—_
S
N
S
w
S
N
(e}
151
(e
<N

Key
X |styrene content by NMR (mass % in S-SBR)
Y |styrene content by IR (mass % in S-SBR)

Figure 4 — Calibration curve for styrene content between NMR method and IR method

5 |Precision

SeelAnnex B.

6 |Testreport

The test report shall inelude the following information:
a) |[sample details:

1) afull description of the sample and its origin,

2) ifappropriate, method of preparation of test piece from the sample;

b) [areference to this part of [SO 21561, i.e. ISO 21561-1;

c) testdetails including any details of any procedures not specified in this part of ISO 21561;
d) testresults:

1) the number of test pieces used,

2) the results of the determination, expressed in % and rounded to one place of decimals;

e) date(s) of test.

© IS0 2015 - All rights reserved 9
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Annex A
(informative)

Procedure for sample-film preparation and measurement of
microstructure by FTIR spectrophotometry

A.1 Apparatus Q\%
The apparatus used for sample-film preparation and measurement of the microstructure,0f'S-SBR by
FTIR spectirophotometry is shown in Figure A.1. @ ’

2

Key

1 pasteurq pipette

2 35mmjx 35 me%hm KBr plate for IR spectrophotometry
3 holder for KBI\@ e

4

0,1 mm thé&?fetal (lead) spacer

Figure A.1 — Apparatus for preparing coated KBr plate

A.2  Procedure
A.2.1 Place the spacer on the KBr plate (see Figure A.2).

A.2.2 Using the Pasteur pipette, put several drops of sample solution in the centre of the hole in the
spacer (see Figure A.3).

10 © IS0 2015 - All rights reserved
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A.2.3 Remove the excess sample solution by placing another KBr plate over the spacer, lifting it
off and wiping the excess solution off with a soft cloth. Repeat this procedure two or three times (see
Figure A.4).

A.2.4 Evaporate the sample solution on the KBr plate (see Figure A.5).

A.2.5 Remove the metal spacer from the KBr plate and insert the coated plate in its holder (see
Figure A.6).

A2 6

A.2]|7 If the maximum absorbance for the sample spectrum is not in the range %@1 0,0 to 0,15,
adjysst the position of the IR beam passing through the sample. N

\% Figure A.2 — Spacer placed on KBr plate

© IS0 2015 - All rights reserved 11
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Figure A.3 — Placing drops of sample solution in\thQole in the spacer,
using a Pasteur pipettg&

Figure A.4 — Removing excess sample solution

12 © IS0 2015 - All rights reserved
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Figure A.6 — Coated KBr plate inserted in the plate holder

© IS0 2015 - All rights reserved 13
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