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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 1SO, also take part in the work. ISO collaborates closely with the
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2
#

The main task of technical committees is to prepare International Standards Draft International Standards
adopted by the technical committees are circulated to the member bodies for voting. Publication as an
International Standard requires approval by at least 75 % of the member bodies casting a vote. .

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. 1SO shall not be held responsible for identifying any or all such patent rights

ISO 21561 was prepared by Technical Committee ISO/TC45, Rubber and rubber products. Subcommittee
SC 2. Testing and analysis.



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

WARNING — Persons using this International Standard should be familiar with normal laboratory
practice. This standard does not purport to address all 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.

1 Scope

L4

This International Standard specifies procedures for the quantitative determination of the microstructure of the
butadiene units and the content of styrene units in solution-polymerized SBR (S-SBR) by "H-NMR
spectrometry as an absolute method and by IR spectrometry as a relative method. The styrene content is
expressed in mass % relative to the whole polymer. The 1,4-trans, 1,4-cis and 1,2-vinyl contents are
expressed in mol % relative to the butadiene units.

NOTE IR spectrometry can also give absolute values of microstructure by calibration with S-SBRs of known absolute
microstructure obtained by "H-NMR spectrometry

2 Normative references

The following referenced documents are indispensable for the application 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.

ISO 1407, Rubber— Determination ofsolvent extract

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

3 NMR method (absolute method)

3.1 Principle

3.1.1 Asmall quantity of an extracted S-SBR Is dissolved in deuterated-chloroform.

3.1.2 A wHNMR spectrum of the sample solution is measured at a 15 ppm sweep width. The peak areas of
the 1.4-bond (the sum of the 1,4-trans bond and 1,4-cis bond) and the 1,2-vinyl bond of the butadiene portion

are determined along with the peak area of styrene. The microstructure of the butadiene portion and the
styrene content are then calculated using theoretical fomiulae.

3.2 Reagents

321 Deuterated chloroform, CDCI3, containing 0,03 % of tetramethyl silane (TMS) as internal standard.
The purity of the cpci3 itself shall be >99,8 %.

3.22 Anhydrous ethanol-toluene azeotrope (ETA).



3.2.3 Acetoae.

3.3 Apparatus ~

3.3.1  "H-NMR spectrometer: Fourier transform nuclear magnetic resonance (FT-NMR) spectrometer with
a resonance frequency of 150 MHz or higher

3.3.2 Extraction apparatus, as described in 1ISO 1407.
L] L]

3.3.3 Vacuum oven, operated at 50 °C to 60 "C.

3.3.4 Analytical balance, accurate to 0,1 mg

3.4 Sampling *

The raw rubber shall be sampled in accordance with ISO 1795.

3.5 Procedure

3.5.1 Extract rubber additives such as extender oil and antioxidant in accordance withISO 1407,using
anhydrous ETA or acetone as the extraction solvent. Dry the extracted S-SBR under vacuum inthe oven at
50 X to 60 X.

3.5.2 Take 15 mg to 50 mg of the extracted S-SBR and dissolve it completely in 0,5 ml of deuterated
chloroform containing 0,03 % of TMS The concentration of this sample solution shall be selected according to
the resolution of the spectrometer used.

3.5.3 Transfer 0,5 ml of the S-SBR sample solution into an NMR tube for measurement.

354 Measure the "H-NMR spectrum of the S-SBR solution under the following conditions;

Mode single-pulse mode
Measurement temperature room temperature to 50 °C
No. of data points 32k

Offset 5 ppm

Sweep width 15ppm or wider

Flip angle 30° pulse

Pulse repetition 4 sto 30 s

Accumulation 32 times to 256 times

3.6 Determination of the microstructure

3.6.1 Integrate the signal intensities of the "H-NMR spectrum over each of the areas A, B and C defined in
Table 1. Figure 1 gives an example of a "H-NMR spectrum showing the areas A. B and C.
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Area Signal integration range
A From 4,3 ppm to minimum intensity point around 5,0 ppm

From minimum intensity point around 5,0 ppm to minimum intensity point
around 6,1 ppm

B

C From minimum intensity point around 6,1 ppm to 7,7 ppm
nA@blank Integrated signal intensity of TMS in COCI3 containing*TMS
AMWank From 6,1 ppm to 7,7 ppm in CDCI3 containing TMS

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

Key

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

Figure 1— Example of a spectrum for an S-SBR
3.6.2 Measure as a solvent blank the "H-NMR spectrum of the deuterated chloroform containing 0,03 % of

TMS. The TMS blank is nonnalized using Equation (1) and subtracted from the signal intensity of the solvent
determined from the Integrated signal intensity of area C;



3.6.3 Calculate the content of each microstructurecomponent {1,4-bond and 1,2-vinyl bond) of the
butadiene portion and the styrene content, using Equations (2) to (4);

%St = A (Ccaiib/5)™M104 N 100 @)
= e Rl X

°2 T (CCalibis)x104 + (BI2 + Al4)x54 "\

oosdi2 = AT (e]0) 3
Bdi2 = g5 A ¥ . ®)
%B6<a=— _ — — x100 (4)
NEOBR2+AIA

where
"caitb integrated signal intensity of area C compensated for the effect of CHCI3 in CDCI3
% St is the styrene content of the SBR, in mass %;

% Bd" 2 is the 1,2-vinyl bond content of the butadiene portion of the SBR, in mol %;

% Bdi 4 is the 1,4-bond content of the butadiene portion of the SBR, in mol %.

4 IR method (relative method)

4.1 Principle

41.1 A small quantity of extracted S-SBR is dissolved in cyclohexane and coated on a KBr plate.

4.1.2 The IR spectrum of the S-SBR sample on the KBr plate is measured over the range 1200 cm~" to
600 cm™*. From the absorbances at four specified wavelengths, the contents of the 1,4~trans bond, the 1,4-cis
bond, the 1.2-vinyl bond and the styrene unit are calculated using Hampton's method (see Reference [1] in
the Bibliography).

4.1.3 IR spectrometry can also give absolute values of microstructures by calibration with S-SBRs of known
absolute microstructure obtained by “"H-NMR spectrometry.

4.2 Reagents
4.2.1 Anhydrousethanol-toluene azeotrope (ETA)
4.2.2 Acetone

4.2.3 Cyclohexane.

4.3  Apparatus

43.1 IR spectrophotometer: Fourier transform infrared (FT-IR) spectrophotometer or double-beam IR
spectrophotometer.

4.3.2 Extraction apparatus, as described In ISO 1407.
4.3.3 Vacuum oven, operated at 50 °C to 60 °C.

4.3.4 Analytical balance, accurate to 0,1 mg
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435 *20 ml sample vial, with cap.

4.3.6 Pasteur pipette and 10 mi pipette
4.3.7 KBr plate, for IR spectrophotometry.
4.3.8 Holder, for KBr plate.

439 Metal spacer, of 0,1 mm thickness. n

4.4 Sampling

The raw rubber shall be sampled in accordance with 1ISO 1795.

45 Procedure

45.1 Preparation of sample solution

45.1.1 Extract extender oil and antioxidant from the S-SBR in accordance with 1SO 1407. using
anhydrous ETA or acetone. Dry the extracted S-SBR in a vacuum oven at 50 “C to 60 “C.

451.2 Put 0,2 g of extracted S-SBR sample ina 20 ml sample vial.

4513 Add 10 ml of cyclohexane to the sample vial using the 10 ml pipette. Place the cap on the vial and
shake to dissolve the S-SBR completely.

45.2 Preparation of film coating

4521 Place the 0.1 mm thick metal spacer on the KBr plate and spread the sample solution unifomrtly in
the spacer hole using the Pasteur pipette.

45.2.2 Remove any excess sample solution from the spacer, leaving a film of uniform thickness. As film
thickness affects absorbance, adjust the volume of sample solution accordingly.

4523 Dry the sample solution on the KBr plate.

4524 Remove the spacer from the KBr plate and plac”the KBr plate In the holder ready fcfr insertion in
the IR spectrophotometer.

NOTE Details of the equipment and procedure for preparing the film coating are given in Annex A.
4.5.3 Measurement of IR spectrum

4531 Measurement by Fourier transform IR spectrophotometer
45.3.11 Measure the background spectrum of a blank KBr plate from 1 200 cm-" to 600 cm"”.
45.3.1.2 Measure the spectrum of the sample KBr plate from 1 200cm™ to 600 cm™".

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

45.3.1.4 An example of an FT-IR spectrum is shown in Figure 2.

453.2 Measurement by double-beam IR spectrophotometer
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45.3.2.1 Place blank KBr plates in both the sample and reference paths, and measure the background
spectrum from 1 200 cm~* to 600 cn+" in the absorbance mode,

453.2.2 Place the sample KBr plate in the sample path and a blank KBr plate in the reference path.
Measure the sample spectrum from 1200 cm™' to 600 cm™" In the absorbance mode.

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

4.5.3.2.4 Produce a difference spectrum for the calculation of the microstructure by subtracting the
background spectrum from the sample spectrum.

Key

1 14-trans
2 1.2~vinyl
3 1l4-<cis

4  styrene

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

4.6 Oetermmatton 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 "1,4-cis”, the absorption peak is weak and the wave number of the peak is affected
by the styrene content of the polymer.



Table 2— Measurement of absorbances for each microstructure component of S-SBR

Notation for Microstructure

absorbance component
Arans 1,4-trans bond
Avinyl 1,2-vinyl bond
ods 1,4-cis bond
Astyrene Styrene

4.6.2 Calculation

46.2.1 General

The content of each microstructure component in the S-SBR is calculated from the absorbances {>trans> “vinyi’
sample at the corresponding wave numbers by the equation given by Hampton

Deis and Ogtyrene)

4.G.2.2 Normalization

Wave number
cm”"
967

911

724

699

Remarks

Measure the absorbance at the peak maximum.
Measure the absorbance at the peak maximum.

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, read off the absorbance at the peak
maximum from 720cm™ to 740 cm"'. The absorbance at
724 cm™ is not necessary in this case.

If the styrene content is over 30 %, the peak of the 1,4-cis bond
is hidden between the two large styrene absorptions at 755 cm™
and 699 cm™ in this case, measure the absorbance value at
724 cm™

Measure the absorbance at the peak maximum

Normalize the measured absorbances using the following equations:

0 Dtrans
% D yrans 100 ®)

~trans Acis "m/styrene
% D,iny| = 100

Atrans  Mviny/  “cis Astyrene

D
as
% ncis = xl00 @
Arans Aviny/ Astyrene
%D Astyrene ICO @)
0 styrene P 4. n l\ n . j.n
Irans  ~viny/ ™ ~cis ° “styrene
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4.6.2.3 Calculation of microstructure component concentration

The concentration, in g/l, of each microstructure component (crans. “\vinyi' \dis ‘“styrene)expressed by the

following equations;

<Mrans =0.393 7x% D ,rans-0,011 2x% D "inyl-0.036 1x% Deis-0,006 5x% Dstyrene

Vinyl = - 0.0.06 7 x % £>43"5 + 0,314 0x % - 0,015 4x% - 0,007 1x%
Cps =- 0.004 4 X% D,rans “ 0-027 4 x % D"jny, + 1,834 7x % - 0,025 1x%
“styrene = -0,013 8x% Dyjnyi-0,260 4x% +0,373 9x% /)styrene

4.6.2.4 Calculation of microstructure

The content (mol % in butadiene portion or mass % of styrene) of each microstructure
expressed by the following equations:

%trans = xI0OO

Atrans  Avinyl  Acis

% vinyl = xIOO

Atrans m'm’vinyl mAcis

%eis = 52 X100
~Atrans  Mvinyl  Acis

% styrene = styrene x100
Atrans smMvinyl "ANcis im/styrene

where
% trans is the 1,4-trans bond content in the butadiene portion of the SBR, in mol %;
% vinyl  isthe 1,2-vinyl bond content in the butadiene portion of the SBR. in mol %;
% cis is the 1,4-cis bond content in the butadiene portion of the SBR, in mol %;

% styrene is the styrene content in the SBR, in mass %.

4.7 Calibration of IR method to give absolute results

0)

(10)
(11)

(*2)

component is

13)

(14)

(15)

(16)

4.7.1  Absolutevalues of the styrene and vinyl contents can be obtained from IR spectrummeasurements

by calibration ofthe IR method using SBR with known styrene and ylnyl contents determined by "H-NMR,

Figures 3 and 4 show examples of such a calibration.

4.7.2 The measurement conditions (resolution, apodization, scan time, etc.) used to produce the IR
spectrum of the unknown sample shall be the same as the measurement conditions for the standard samples

used to make the calibration curve.
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50
>
40
30 R
y
20 1 O so1
X 5-02
10 A 506
Hf ¢+ 507
0 5-08
10 20 30 40 50 x

Key

X 1,2-vinyl content by NMR (mol % in butadiene portion)

Y 1.2-vinyl content by IR (mol % in butadiene portion)

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

50
40
30
20 . O S-01
X s-02
10 A s-06
¢ S-07
0 S-08
0
10 20 30 40 50 x

Key

X styrene content by NMR (mass % in SBR)
Y styrene content by IR (mass % in SBR)

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

5.1 The precision of these two methods was determined in accordance with ISO/TR 9272. The results
obtained with the NMR method are given in Tables 3 and 4 and the results obtained with the (R method are
given in Tables 5 and 6. The precision parameters should not be used for acceptance or rejection of any
group of materials without documentation that the parameters are applicable to the particular group of
materials and the specific test protocols of the test method.

5.2 The results tontalned in Tables 3 to 6 are average values and give an estimate”f the precision of these
test methods as determined in two interlaboratory test programmes involving seven laboratories for the NMR

method and eight laboratories for the IR method, the laboratories performing duplicate analyses on two
different S-SBRs. The symbols used in the tables are defined as follows.

is the repeatability standard deviation;

r isthe repeatability, in measurement units;

(r) isthe repeatability, in percent (relative);

sg s the reproducibility standard deviation;

R is the reproducibility, in measurement units;

{R) is the reproducibility, in percent (relative).
5.3 Repeatability: The repeatability r of the test method has been established as the appropriate value
tabulated in Tables 3 to 6. Two single test results that differ by more than the value must be considered
suspect and suggest that some appropriate investigative action be taken.
5.4 Reproducibility: The reproducibility R of the test method has been established as the appropriate

value tabulated in Tables 3 to 6. Two single test results that differ by more than the value must be considered
suspect and suggest that some appropriate investigative action be taken.

Table 3 — Styrene content of S-SBR by NMR method

Mean value Within lab I Between labs
Sample
% r 0 R R
SBR-1 25,2 0,04 0,12 0,47 0,13 0,37 1,46
SBR-2 24,7 0,07 0,19 0,75 0,13 0,36 1,44
Table 4 — Vinyl content in butadiene portion of S-SBR by NMR method
Mean value Within lab Between labs
Sample
0% r (= R iR
SBR-1 10.4 0.08 0,22 2,15 0,25 0.72 6,88

SBR-2 32,6 0,25 0.71 2,18 0,29 0.81 2,50



Table 5— Styrene content of S-SBR by IR method

Mean value Within lab Between labs
Sample
% r () R
SBR-1 24.9 0.45 1,27 5,09 0,60 1,71
SBR-2 25.4 0,41 1,15 4,53 0,67 1,89
Table 6 — Vinyl content in butadiene portion of S-SBR by IR method
Mean value Within lab Between labs
Sample
% r {r R
SBR-1 10,4 0,17 0,48 4,60 0,24 0,69
SBR-2 32,5 0,14 0,40 1,24 0,36 1,01

6 Test report

The test report shall include the following;

a) areference to this International Standard,;

b) full identification of the rubber used;

¢) the method used CH-NMR or IR);

d) the results of the determination, expressed in % and rounded to one place of decimals;
e) details of any deviations from the method:

f) the date of the test.

R ubber

yfIfWW /LIBRARY

(«)
6,87

7,45

(ft)
6,61
3.10



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

A.1 Apparatus

The apparatus used for sample-film preparation and measurement of the microstructure of S-SBR by FT-IR
spectrophotometry is shown in Figure A.1.

Key

1 Pasteur pipette
35 mm x 35 mm x 5 mm KBr plate for IR spectrophotometry

holder for KBr plate

0.1 mm thick metal (lead) spacer

Figure A.1 — Apparatus for preparing cqgjited 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).

A23

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).

A2.4

A2.5

A.2.6

A2.7

Evaporate the sample solution on the KBr plate (see Figure A,5).
Remove the metal spacer from the KBr plate and insert the coated plate in its holder (see Figure A.6).
Mount the plate holder in the optical path of the spectrophotometer (see Figure A.7).

If the maximum absorbance for the sample spectrum is not in the range 0,10 to 0,15, adjust the

position of the IR beam passing through the sample.



Figure A.2— Spacer placed on KBr plate

Figure A.3— Placing drops of sample solution in the hole in the spacer,
using a Pasteur pj*ette

Figure A.4 — Removing excess sample solution
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Figure A.5 — Evaporating the sample solution

Figure A.6 — Coated KBr plate inserted in the plate holder

Figure A.7 — Plate holder mounted in the IR spectrometer



Bibliography

[1] Hampton, R.R.: Analyt. Chem., 21 (1949), p. 923

2] ISO/TR 9272:1986, Rubber and rubber products— Determination of precision for test method
s”ndards [replaced since the interlaboratory test programme described in Clause 5 by
tSO/TR 9272:20051



ICS 83.060

Price based on 15 pages

© 1SO 2005 - All rights reserved



INTERNATIONAL ISO
STANDARD 21561

First edition
2005-12-01

AMENDMENT 1
2010-12-01

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

AMENDMENT 1

Caoutchouc styrene-butadiene (SBR) — Determination de la
microstructure du SBR polym4ris6 en solution

AMENDEMENT 1

m so”



PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, (his file may be printed or viewed but
shall not be edited unless the typefaces whicti are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe’ licensing policy. The 1SO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by 1ISO member bodies. In
the unlikely event tllat a problem relating to it is found, please inform the Central Secretariat at the addresj given below.

A COPYRIGHT PROTECTED DOCUMENT

© 1SO 2010

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either 1SO at the address below or
ISO's member body in the country of the requester.

I1SO copyright office

Case postale 56 « CH-1211 Geneva 20
Tel. +41 2274901 11

Fax +41 22 749 09 47

E-mail copyright@iso.org

Web www.iso.org

Published in Switzerland


mailto:copyright@iso.org
http://www.iso.org

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 1SO
technical committees. Each member body interested in a subject for which S technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with 1SO. also take part in the work. 1SO collaborates closely with the
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of technical committees is to prepare International Standards. Draft International Standards
adopted by the technical committees are circulated to the member bodies for voting. Publication as an
International Standard requires approval by at least 75 % of the member bodies casting a vote. .

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

Amendment 1 to ISO 21561:2005 was prepared by Technical Committee ISO/TC 45, Rubber and rubber
products, Subcommittee SC 2, Testmg and analysis.

%

EO0 Q@ A&

P OZENE X >

=,
=

U1 69 OBVEER NO® OSNoc @ N SOFOFTNE & 8



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

AMENDMENT 1

Page 2, Subclause 3.5.4

In the first line, between "solution” and "under”, insert “and a solvent blank (deuterated chloroform containing
0,03 % of IMS)".

Page 3, Subclause 3.6.2
Delete the first sentence.

At the beginning of the second sentence, replace “The TMS blank is normalized using Equation (1) and
subtracted from” by "Normalize the solvent blank measured in 3,5.4 using Equation (1) and subtract it from”.

Page 7. Table 2

Replace the current Table 2 with the following table, in which the third column {wave number) has been
deleted and information on the relevant wave number range given in the last column.

Notation for Microstructure

absorbance component Remarks

Atrans 1,4-trans bond  Measure the absorbance at“the peak maximum from 960 cm~" to 980 cm"".

Avinyl 1,2-vinyl bond « Measure the absorbance at the peak maximum from 900 cm~' to 920 cm~V
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,
read off the absorbance at the peak maximum from 720 cm"™ to 740 cm™"".

Dc\s 1,4-cls bond ) ] o
If the styrene content is over 30 %. the peak of the 1,4-cis bond is hidden
between the two large styrene absorptions at 755 cm"™ and 699 cm™.
In this case, measure the absorbance value at 724 cm~".

Mstyrene Styrene Measure the absorbance at the peak maximum from 690 cm"" to 710 cm"".

Page 8, Subclause 4.7

Change the subclause heading to "Conversion of the IR method results to absolute results”.
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make a paper copy for personal use by each user and you may make an electronic
copy for each user only for backup purposes.

1.1.3 You acknowledge and agree that the Product and any copies are the property of
ISO as the copyright owner identified on the front page of the Product, and are
protected under national copyright law and I<iternational copyright treaties. You
further acknowledge and agree that all right, title and Interest in and to the Product,
including all intellectual property rights, are and shall remain with I1SO.

114 You shall provide the ISO or any designee of the ISO with ail information necessary
to assure compliance with the terms of this Agreement. In the event you are not in
compliance with the terms of this Agreement through the actions of unrelated third
parties, you shall use your best efforts to co-operate with the 1ISO and any of its

designees to assure compliance. *

2. UPDATES
The Product supplied by ISO is the latest version that has been approved and issued by ISO. ISO

and you agree that ISO has no obligation whatsoever to advise you of any amendments or



changes to the Product or even as to its withdrawal from publication irrespective of the reason for

any such amendment change or withdrawal.

3.

EXPORT

You may not load or export or re-export any of the Product or any underlying information or

technology except in full compliance with all Swiss and other applicable laws and regulations.

4.

4.2

LIMITED WARRANTY

ISO warrants for your benefit alone that, unless disclosed in the Product to the contrary, 1ISO
can license the Product and all copyright and trademarks related thereto or therein, free and
clear of any and all liens, claims and encumbrances.

The express warranties set forth in this Section 2 constitute the only warranties with respect
to the Product and ISO makes no other representation or warranty or condition of any kind,
whether express or implied (either in fact or by operation of law) with respect to any product,
including, without limitation, with respect to the sufficiency, accuracy or utilization of, or any
information or opinion contained or reflected in, any of the product. ISO expressly disclaims
all warranties or conditions of merchantability or fitness for a particular purpose. No officer,
director, employee, member, agent, representative or publisher of ISO is authorized to make

any modification, extension, or addition to this limited warranty.

INDEMNIFICAT ION

Neither ISO nor any agent, representative, publisher or distributor of the Product, or any of
their respective directors, officers, employees, agents, representatives shall have any liability
for, and you shall defend, indemnify and hold the ISO harmless from and against, any claim,
loss, demand, liability, obligation and expenses (including reasonable attorneys' fees) based
upon or arising out of any injury or damage, or any pioduct liability claim, including but not
limited to, any personal or bodily injury or property damage, arising out of, pertaining to, or
resulting in any way from, the use or possession of any of the Product by you and/or any of

your directors, officers, employees, representatives, agents or contractors.

LIMITATION OF LIABILITY

You acknowledge that ISO's obligations and liabilities with respect to the Product are
exhaustively defined in this Agreement. You are responsible for the consequences of any
use of any of the Product (whether or not such use was consistent with the license granted
hereunder) or any use created therefrom. Whether or not ISO has been advised of such
possible use, neither ISO nor any of its representatives or agents, directors, officers,
employees, agents, representatives shall be liable, whether under contract, tort (including

negligence) or otherwise, for any indirect, special, punitive, incidental or consequential loss,



damage, cost or expense of any kind whatsoever and howsoever caused, that may be
suffered by you or any of your directors, officers, employees, agents, representatives or
contractors or any third party.

6.2 If at any time an allegation of infringement of any rights of any third party is made, or in ISO's
opinion is likely to be made, with respect to any of the Product, ISO may, at its option and at
its own expense (i) obtain for you the nght to continue using the Product, (ii) modify or
repladfthe Product or any portion thereof so as to avoid any such claim of infringements, or
(iii) refund to you the License Fee. ISO shall have no liability to you if any claim of
infringement would have been avoided except for your refusal to use any modified or
replacement Product supplied or offered to be supplied pursuant to this Section 4.2 or to
othenwise cease using the Product. Notwithstanding anything contained in this Agreement,
and except as set forth in Section 4.2 hereof, 1SO liability to you for damages pursuant to
this Section 4.2, if any. shall not exceed the amounts of the License Fee paid by you for the
Product subject to any such claim.

6.3 Section 4.2 states the entire liability of ISO with respect to the infringement or alleged

infringement of any third party rights of any kind whatsoever by any of the Product.

7. TERMINATION

This Agreement may be terminated immediately by ISO upon breach of any provision of this
Agreement by you. Upon any termination of this Agreement, you shall immediately
discontinue the use of the Product and shall within ten (10) days either return files(s) on
diskette(s), if any, to 1SO or certify in writing to ISO that the Product has been deleted from
your computer and is eliminated from your premises and that the paper copy has been

destroyed and no photo or other copies have been retained.

8. MISCELLANEOUS %

8.1 This Agreement constitutes the complete and exclusive agreement between 1ISO and you
with respect to the subject matter hereof, and supersedes all prior oral or written
understandings, communications or agreements not specifically incorporated herein. This
Agreement may not be modified except in writing duty signed by an authorized
representative of ISO and you.

8.2 If any provision of this Agreement is held to be unenforceable for any reason, such provision
shall be reformed only to the extent necessary to make it enforceable, and such decision
shall not affect the enforceability (i) of such provision under other circumstances, or (ii) of the
remaining provisions hereof under all circumstances. Headings shall not be considered in

interpreting the Agreement.



GOVERNING LAW

This Agreement shall be governed by the Laws of Switzerland and the courts of Geneva,
Switzerland, shall be the forum for the settlement of disputes. Notwithstanding the foregoing,
ISO expressly reserves the right to take legal action against you or othenwise to enforce its
rights according to Swiss or local laws in your country of domicile or in any jurisdiction where

a breach of this Agreement or an infringement of its rights may occur or may have had effect.

YOU ACKNOWLEDGE THAT YOU HAVE READ THE TERMS OF THIS END-USER

LICENSE AGREEMENT. BY USING ANY OF THE PUBLICATIONS CONTAINED ON

THIS CD-ROM, YOU AGREE TO BE BOUND BY THE TERMS OF THIS END-USER
LICENSE AGREEMENT.

Rubber Research insliiuif oi Jnoia
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