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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 ]

nternational 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 partlcular the different approval criteria needed for the dlfferent types

of ISO documen
ISO/IEC Directives, Part 2 (see WWW.is0. org/dlrectlves)

[SO draw
patent(s).
rights in
patent(s)
this may
WWwWWw.iso.

les of the

5 attention to the possibility that the implementation of this document may involve-the|use of (a)
ISO takes no position concerning the evidence, validity or applicability of any claimged patent
respect thereof. As of the date of publication of this document, ISO had not received ngtice of (a)
which may be required to implement this document. However, implemefiters are cautioned that
hot represent the latest information, which may be obtained from the patent database ayailable at

pbrg /patents. ISO shall not be held responsible for identifying any or allystuch patent righty.

Any trad¢ name used in this document is information given for the convenience of users and| does not

constitut¢ an endorsement.

For an ex

related tp conformity assessment, as well as information about ISO's adherence to the Wo

blanation of the voluntary nature of standards, the meaning of ISO specific terms and e

Organization (WTO) principles in the Technical Barriers to Trade(TBT), see www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 45, Rubber and rubber products, Subcommittee

SC 3, Raw|materials (including latex) for use in the rubberindustry.

This seco
revised.

The main

— Clausle 3 has been added;

— theu

— the c¢nditions of FTIR speetrum have been moved to 8.1;

— ades

— in Talple A.1, onetgell has been replaced by the correct value;

— inC.3.1, the'measurement conditions for 13C-NMR have been corrected.

Alistofa

hd edition cancels and replaces the firstedition (ISO 21561-2:2016), which has been t¢chnically

changes are as follows:

hits of styrene content and-microstructure content of butadiene have been changed to Slfunits;

Cription of regression formulae has been added in 9.2.5 and 9.2.6;

| parts in the ISO 21561 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A

complete

listing of these bodies can be found at www.iso.org/members.html.
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International Standard ISO 21561-2:2024(en)

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

Part 2:
Fourier transform infrared spectrometry (FTIR) with
atten ]

WARNING 1 — Persons using this document should be familiar with normal laboratory practice. This

documerlt does not purport to address all of the safety problems, if any, associated with itg

use. It is

the resp¢nsibility of the user to establish appropriate safety and health practices and to determine

the applifability of any other restrictions.

WARNING 2 — Certain procedures specified in this document can involve the use or gene

ration of

substandes, or the generation of waste, that can constitute a local envirenmental hazard. Reference

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

1 Scope

This docfiment specifies procedures for the quantitative determination of the microstructure of the

butadieng portion and the content of styrene in solution-polymerized SBR (S-SBR) by Fourier f{
infrared ppectrometry (FTIR) with attenuated total reflection (ATR) method. The styrene ¢
in mass fraction relative to the S-SBR. The coehitents of three microstructure types, i.e. v

applicabl¢ to raw rubbers.

ransform
ontent is
nyl, trans

e expressed in mol fraction relative to the*butadiene portion in the S-SBR. This methpd is only

NOTE1 [Precision as shown in Annex A is not always possible to obtain for S-SBRs containing polystyrene block or

styrene coptent more than 45 %.

NOTE 2 [Only “vinyl”, “trans” and “cisZ, ‘are used in this document. However, the expression of vinyl, tre
mean as follows in general:

— vinyl:[vinyl unit, vinyl bond, £;2-unit, 1,2-bond, 1,2-vinyl-unit or 1,2-vinyl-bond;
— transj1,4-trans unit, 1,4-trans bond, trans-1,4 unit or trans1,4 bond;

— cis: 1,§-cis unit, 1,44¢is*bond, cis-1,4 unit or cis-1,4 bond.

2 Normative references

The folloying documents are referred to in the text in such a way that some or all of their content ¢

ns and cis

bnstitutes

requirements of this document. For dated references, only the edition cited applies. For undated references,

the latest edition of the referenced document (including any amendments) applies.
[SO 1382, Rubber — Vocabulary

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

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 1382 apply.

© IS0 2024 - All rights reserved
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[SO 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

The IR spectrum of the S-SBR sample is measured by FTIR with ATR. The absorbances that are characteristic
of each microstructure component and styrene at the specified wave number are used to determine the
content of each component by using the specific formulae presented in this document.

5 Apparatus

5.1 FTIR, of the following specifications:
— detedtor: deuterium tri-glycine sulfate (DTGS) or tri-glycine sulfate (TGS);

— resolfition: 2 cm™1.

5.2 ATR, of the following specifications:
— type:[single bounce ATR;
— crysthpl: diamond;

— angleof incidence: 45°;

— samplle pressure clamp: a concave or a flat-shapediclamp which is capable of maintaining g constant
pressjure on the sample. The use of a torque wrench'is recommended.

6 Calibration

6.1 FTIR

Adjust thg optical bench alignment ¢f FTIR spectrometer according to the manufacturer’s instruction manual.

6.2 ATR

Set ATR [in the sample~chamber of FTIR and adjust the optical alignment of ATR accordipg to the
manufactprer’s instruction manual.

7 Sampling

71 Prn av¥a tha tact copala 10 oo oo da o el TN 17090
[ A\ dlC LIIC tLou ‘Julllyl\/ IIT ACUCULIUAdIICC VWILIT 1OV 17 JJ.

NOTE The extraction of ordinary extender oils by solvent is not necessary.

7.2 Cut out a test piece from the test sample. The test piece shall have a flat surface to give good contact
with the ATR crystal and be approximately the same size as the crystal, usually a few square millimetres.

© IS0 2024 - All rights reserved
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8 Procedure for measuring ATR spectrum

8.1 Set up FTIR according to the manufacturer’s instruction manual and set up the measurement
conditions as follows:

— resolution: 2 cm;

— number of scans: 32;

— range of wave number: 600 cm~! to 1 800 cm™1.

8.2 Set ATR with the specification in a sample chamber of FTIR.

8.3 Med

8.4 Put
preferabl
absorban

8.5 Mes

8.6 The
test piece

9 Dete

9.1 Me

Measure
specified

the styreme content of the polymer.

sure the background spectrum without sample on the ATR crystal with the condition$ shq

the test piece on the ATR crystal and contact it as completely as possible to the cryst3
F using the clamp specified in 5.2. The contact between the test piece and(Ehe crystal 3
Ce of ATR spectra.

sure the sample spectrum with the conditions shown in 8.1.

atmosphere of the sample chamber for FTIR shall be kept consistent during the backgr
measurements in order to avoid the influences of absorbaice at 668 cm™ and 723 cm™ 1

rmination of the microstructure of butadiene and the styrene content

asurement of the absorbance for each microstructure component

'he absorbance values at the wave numbess corresponding to the microstructure comp
in Table 1. For cis, the absorption peaks'are weak and the wave number of the peaks is a

wnin 8.1.

| surface,
ffects the

ound and
py CO,.

onents as
ffected by

Figure 1 provides an example of an ATR spectrum of a typical S-SBR.
Tjable 1 — Measurement of)absorbances for each microstructure component of S-SBR

Notatiop for Microstructure

Remarks
absorbance Componernt
Ao Styrene Measure the absorbance at the peak maximum from 695 cm=! to 700 cm™1.
The wave number at this peak maximum is affected by the nature of|the poly-
mer, such as the styrene content. When the peak maximum is visible| read off
A ok the absorbance at the peak maximum from 720 cm™1 to 730 cm™1.

20 If the styrene content is over 30 %, the peak of the cis bond is hidden|between
the two large styrene absorptions at around 758 cm~! and around 698 cm=1. In
this case measure the ahsarhance value at 726 cm-1

Az Styrene Measure the absorbance at the peak maximum from 755 cm! to 761 cm~1.
Ay Vinyl Measure the absorbance at the peak maximum from 905 cm~! to 912 cm™1.
Asg Trans Measure the absorbance at the peak maximum from 962 cm=1 to 967 cm~1.
Ago Vinyl Measure the absorbance at the peak maximum from 991 cm™1 to 996 cm™1.
Az Base line Measure the absorbance at 1 200 cm™! as zero point of each absorbance.

© IS0 2024 - All rights reserved
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Figure 1 — ATR spectrum of.a‘typical S-SBR

9.2 Calculation of microstructures

9.21 G

The micr
values of

eneral

the ATR spectra of each sample. The regression formulae were derived from a statist

on the AT|R spectra of various S-SBR'samples with known microstructures. After adjusting the b

the ATR s
for micro
values in

pectra, the absorbance ratio values of respective absorptions are obtained as the param
structure calculation—The microstructure results are calculated by substituting these
Lhe regression forniujae.

9.2.2 Bpse line correction of each absorbance peak

pstructure of S-SBR is calculated by using regression formulae and the measured alpsorbance

cal study
aseline of
pter value
arameter

Obtain thp absorbarnce of each of the peaks A;; to A4, with corrected base lines by using Formulae|(1) to (6):
Aq1 = {10 470 (0
Az1 =430~ A79 (2)
A3y =430 -4z (3)
Ayq = Ayy - Ay (4)
Asy = Agg = Az (5)
Ae1 =460 = A70 (6)

© IS0 2024 - All rights reserved
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9.2.3 Ratio of absorbance

Obtain th

e ratios of the absorbances A, to A, by using Formulae (7) to (12):

Ay =A11/(A1 + Ay +Azq + Ay + A5y + Agy)

Ayy=Ay,/(Ag +Agy + Agy + Ay + Ay + Agy)

Azy=A31/(Ag + Agy + Agq + Ay + Asy + A1)

Apy=Ag /(A +Agy + Agg + Ay + Ay + Ag))

924 S

Calculate
as A;,% to

9.25 S
regressia

(7)
(8)
9

(10)

=f51/(A11 +Ayy + Ay + Ay + A5y + Agy)

=H61/(A1q +Ayy + Agq + Ayy + Agy + Ag)

bcond order terms

Ag,2 for the square of Ay, to Ag,.

n formulae

Styrene c

relative 1the S-SBR are expressed by the regression Formulae (13) to (16).

These fo

Sy =
+ 891
- 47,2
V=
- 572
+ 169
T, =
- 127
-116
Cph=
- 191
-51

regression formulae are obtained by the method shown in Annex B.

D,0 + 12,9 x Ay, + 259 x A1, - 111,2 A5, + 412,5 x Ay,2 + 105,0 x A3,
,9 X A322 - 0,5 X A4_2 - 21,5 X A422 =3 30,7 X A52 + 28,9 X ASZZ + 24,5 X A62
x Agy®

32,9 + 5,3 X Alz - 12,9 X A122 - 183,6 X AZZ + 1 168,4’ X AZZZ + 13,2 X A32
,5 X A322 + 33,7 X A42 + 3,5 X A422 - 90,5 X A52 + 33,5 X ASZZ + 129,6 X A62
9 x Ag,?

1’2,5 - 16,3 X Alz = 18,8 X Alzz + 61,4’ X AZZ - 1 368,2 X A222 - 65,1 X A32
7 x A3p? — 19,6004, + 14,9 x Ay,% + 93,3 x As, - 13,9 x As,2 - 129,8 x A,
6 x Agy”

15,6 - £9°% Ay, + 5,8 x A;,% + 233,5 x Ay, - 212,6 x Ayy% - 53,1 x As,
7 XA322 - 13,6 X A42 + 3,1 X A422 + 27,9 X ASZ - 48,5 X A522 - 24,3 X A62

xAg,?

the second order terms which are the squares of A;, to Ag,. Theseeond order terms are

'yrene content and contents of three microstructure types of butadiene portion by

pntent relative to the S-SBR and the contents of.th¥ee microstructure types of butadier]

(11)

(12)

bxpressed

e portion

(13)

(14)

(15)

(16)

where

S

m
Vm
Tm
C

m

The styre

is the mass fraction of styrene relative to the S-SBR, expressed in per cent;

is the mass fraction of vinyl relative to the S-SBR, expressed in per cent;
is the mass fraction of trans relative to S-SBR, expressed in per cent;
is the mass fraction of cis relative to the S-SBR, expressed in per cent.

ne content is the mass fraction of styrene relative to the S-SBR.

© IS0 2024 - All rights reserved
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9.2.6 Contents of three microstructure types relative to butadiene portion in the S-SBR

Contents of three microstructure types of the butadiene portion in the S-SBR are expressed by Formulae (17)
to (19):

V=V,/(Vy+ Ty +C,) x 100 (17)

T=T,/(V,*+ T, + C,) x 100 (18)

C=C,/(V,+T,+C,)x 100 (19)
where

V  |is the mol fraction of vinyl relative to the butadiene portion in the S-SBR, expressedin p¢r cent;
T |is the mol fraction of trans relative to the butadiene portion in the S-SBR, expréssed in pr cent;

C is the mol fraction of cis relative to the butadiene portion in the S-SBR, eXpressed in per cent.

10 Predision

See Annex A.

11 Test|report
The test report shall include at least the following information:
a) sample details:
1) alfull description of the sample and its origin;
2) method of preparation of test piece.from the sample;
b) arefdrence to this document, i.e. ISO 21561-2:2024;
¢) testdetails including any details'of any procedures not specified in this document;
d) testrpsults:
1) the number of testpi€ces used;
2) the results ofthe’determination, expressed in % and rounded to one place of decimals;

e) date(f) of test,

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

Precision results from an interlaboratory test programme

A.1 General
The follo

All calculations to provide repeatability and reproducibility values were performed in accordance with
ISO/TR 92721, Precision concepts and nomenclature are also given in ISO/TR 9272.

A.2 Precision results from the ITP

A.2.1 Programme details

The ITP was organized and conducted by Japan in 2014. Test samples were prepared in one laborptory and
sent to all 16 participating laboratories.

Two S-SBRs were used in the test designated as S-33 and S-34.

The number of laboratories on which precision data for eaé¢h-property is based is given in the tables of
precisionfresults (Tables A.1 to A.4). The number of participating laboratories as noted in these taples is the
final numper after identifying certain laboratory values as.outliers.

The ITP tgsting was conducted over a period of two'sgequential weeks. On a specified week, the bjtckground
and determination tests for each type of rubber (=1 x 2) were performed in a day. One week affer Day 1,
the blank|test and the determination tests were repeated (n = 1 x 2). All the analyses were conducted on the
basis of these test results.

A.2.2 Precision results
The precifion results are listed in-Tables A.1 to A.4.

Repeatabllity: The repeatability,r, of the test method has been established as the appropriate valueftabulated
in Tables |A.1 to A.4. Two single test results that differ by more than the value shall be considered suspect
and suggést that some appropriate investigative action be taken.

Reprodudibility: Théreproducibility, R, of the test method has been established as the approprjate value
tabulated|in Tables.A.1 to A.4. Two single test results that differ by more than the value shall be cpnsidered
suspect ahd suggest that some appropriate investigative action be taken.

The precision results as determined by this ITP should not be applied to acceptance or rejecti¢pn testing
for any group of materials or products without documentation that the results of this precision evaluation
actually apply to the products or materials tested.

1) Withdrawn and replaced by ISO 19983:2017.

© IS0 2024 - All rights reserved
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Table A.1 — Precision data for styrene content of S-SBR

Sample l;/:::ll S d ) Sk R (R) labol\ll'g.t:)):iesa
S-33 24,8 0,23 0,65 2,61 0,64 1,80 7,27 14
S-34 34,5 0,12 0,35 1,00 0,60 1,69 4,91 15
Key
s, within-laboratory standard deviation (in measurement units)

r  repeatability (in measurement units)
(r) repeatability (in percent of mean level)
sg  between-laboratory standard deviation-{ineasurementnits)
R reproducibility (in measurement units)
(R) reproducibility (in percent of mean level)
a2 Numbgr of laboratories after outliers deleted (total number of laboratories in ITP: 16).
Table A.2 — Precision data for vinyl content of S-SBR

Sample l;/::/?ll S d () Sk R (R) labol: (:;.t(()):iesf*l
S-33 61,1 0,35 1,00 1,64 0,80 2525 3,69 14
S-34 42,3 0,20 0,55 1,31 0,81 2,30 5,44 15
Key
s, withintlaboratory standard deviation (in measurement units)

r  repeatpbility (in measurement units)
(r) repeathbility (in percent of mean level)
sp between-laboratory standard deviation (in measurementufits)
R reproducibility (in measurement units)
(R) reproducibility (in percent of mean level)
a2 Numbégr of laboratories after outliers deleted (total number of laboratories in ITP: 16).
Table A.3 =-Precision data for trans content of S-SBR

Sample l:zslirll G r () Sk R (R) labol: g.t(()):iesa
S-33 219 0,16 0,45 2,07 0,26 0,73 3,35 12
S-34 33,8 0,14 0,38 1,13 0,47 1,34 3,97 12
Key
s, withintlaboratory.standard deviation (in measurement units)

r  repeatpbility\fin measurement units)
(r) repeathbility (in percent of mean level)

sp between-laboratory standard deviation (in measurement units)

R reproducibility (in measurement units)

(R) reproducibility (in percent of mean level)

a2 Number of laboratories after outliers deleted (total number of laboratories in ITP: 16).

© IS0 2024 - All rights reserved
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Table A.4 — Precision data for cis content of S-SBR

Sample l;/::/illl Sr r (" Sk R (R) labol\ll"a)a.t:))lf'iesal
S-33 17,0 0,21 0,58 3,43 0,74 2,10 12,38 13
S-34 23,5 0,24 0,69 2,95 0,95 2,69 11,45 13
Key

s, within-laboratory standard deviation (in measurement units)

r  repeatability (in measurement units)

(r) repeatability (in percent of mean level)

lab t tandard deviati 4 t itc)
SR betwe')n bala¥alalel !\t‘}IC baRalabalad evlaltlion k1h measiurementlinl CJ

R reproducibility (in measurement units)

(R) reproducibility (in percent of mean level)

a2 Numbgr of laboratories after outliers deleted (total number of laboratories in ITP: 16).

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

Acquisition of regression formulae for microstructure

B.1 The regression formulae for determining the microstructure were obtained by partial least squares
(PLS) analysis methods.

B.2 Ninpteen S-SBR samples with known microstructure shown in Table B.1 were analysed by both
IH-NMR and 13C-NMR spectrometry. The contents of styrene, vinyl, trans and cis werg(determined in
accordan¢e with Annex C. The measurements were conducted in three laboratories, and-the reqults were
averaged|These values by NMR spectrometry were used as response variables in PLS gegréssion gnalysis.

B.3 ATR spectra of these samples were measured in accordance with Clause 8, The measurempnts were
carried ofit once in seven laboratories.

B.4 Thgmeasured absorbances of ATR spectra were converted to ratio.in accordance with 9.1 td 9.2.3.

B.5 Cal¢ulate the second order terms which are the square of A;5t0 A¢,. A;, to Ag,, and the squdre values
of these s|x, are used as the explanatory variables in PLS regression analysis (see 9.2.4).

B.6 Thdregression Formulae (13) to (16) for determining.the microstructure in Clause 9 were olptained as
follows.

a) Off-the-shelf software of PLS regression (JMP® by’SAS Institute Inc.?) was applied.

b) The values of styrene, vinyl, trans and cis of\9 samples obtained by NMR methods in B.2 weye used as
respdnse variables in PLS.

c¢) The yalues in B.5 derived from absorbance of ATR spectra by respective laboratories werg used as
explahatory variables in PLS.

d) The cpefficients derived by the)PLS regression analysis correspond to those in the Formulae (13) to (16)
for stiyrene, vinyl, trans and)cis (see 9.2.4).

Table B.1~—Microstructures of samples used for PLS regression analysis

Styrene Vinyl Trans Cis
R-01 18,1 10,2 52,2 37,6
R-02 25,7 10,3 53,8 359
R-03 20,7 62,8 21,4 15,7
R-04 4,8 20,1 46,4 33,5
R-05 23,2 32,6 42,2 25,2
R-06 13,4 48,1 309 21,0
R-07 0,0 10,6 51,9 37,5
R-08 24,8 34,5 39,7 25,8
R-09 41,4 46,1 31,2 22,7

NOTE Microstructure values were determined by 1H and 13C NMR spectrometry.

2) JMP® by SAS Institute Inc. is an example of a suitable product available commerecially. This information is given for
the convenience of users of this document and does not constitute an endorsement by ISO of this product.
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Table B.1 (continued)

Styrene Vinyl Trans Cis
R-10 34,7 56,4 24,0 19,5
R-11 36,3 41,3 339 24,8
R-12 41,9 34,5 39,8 25,7
R-13 26,2 9,9 53,7 36,4
R-14 0,0 55,9 24,6 19,5
R-15 0,0 70,5 16,7 12,8
R-16 8,6 37,3 37,8 24,9
R-18 25,5 49,2 29,2 21,7
R-19 29,7 30,0 44,6 25,4

NOTE Microstructure values were determined by 1H and 13C NMR spectrometry.

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

Determination of microstructure by NMR spectrometry

C.1 General
Values of STYTEIIC COIICETIC amdcomtents of three Tmicrostructure 1974 %N of butadiemeomrt9—~samples to be
used for |obtaining the regression formulae were determined by H-NMR spectrometry and|13C-NMR
spectrometry.
C.2 Defermination of styrene, vinyl and sum of trans and cis by TH-NMR
spectrometry
Contents pf styrene, vinyl and sum of trans and cis were determined by 1H-NMR spectrometry in a¢cordance
with ISO 21561-1:2015, 3.6. Formulae (C.1) and (C.2) were used additionally.inw’'this procedure.
100-S,, ) xV
y = 100=Sm)xV €1
(V+G)

G,=100-S,-V, (C.2)
where

V., |isthe mass fraction of vinyl relative to the S-SBR, expressed in per cent;

G,, |isthe sum of mass fractions of transtand cis relative to the S-SBR, expressed in per cent

Sn | is the mass fraction of styrene relative to the S-SBR, expressed in per cent;

% is the mol fraction of vinylrelative to the butadiene portion in the S-SBR, expressed in ger cent;

G is the sum of mol fraetions of trans and cis relative to the butadiene portion in the S-SBR, ¢xpressed

in per cent.

C.3 Determinationof trans and cis by 13C-NMR spectrometry
C.3.1 Conditiens for measuring 13C-NMR spectra
13C-NMR [spectra were measured by NMR spectrometers with 100 MHz or 125 MHz under the [following
condition’s-

— Solvent: CDCl;, containing 0,3 ml/I of tetramethyl silane (TMS) as internal standard; the purity of the
CDCl3 > 99,8 % (atom%D).

— Sample concentration: 50 mg/ml.

— Mode: 'H complete decoupling.

© IS0 2024 - All rights reserved
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