PD ISO/TR 16314:2010

BSI Standards Publication

Rubber — Measurement of the
aromaticity of oil in reclaimed
rubbers

[
bSlo ..making excellence a habit.



PD ISO/TR 16314:2010

PUBLISHED DOCUMENT

National foreword

This Published Document is the UK implementation of ISO/TR
16314:2010.

The UK participation in its preparation was entrusted to Technical
Committee PRI/23, Test methods for rubber and non-black
compounding ingredients.

A list of organizations represented on this committee can be
obtained on request to its secretary.

This publication does not purport to include all the necessary
provisions of a contract. Users are responsible for its correct
application.

© BSI 2011
ISBN 978 0 580 70974 6
ICS 83.040.10

Compliance with a British Standard cannot confer immunity from
legal obligations.

This Published Document was published under the authority of the
Standards Policy and Strategy Committee on 28 February 2011.

Amendments issued since publication
Date Text affected




TECHNICAL "~ ISOITR
REPORT

First edition
2010-11-01

Rubber — Measurement of the aromaticity
of oil in reclaimed rubbers

Caoutchouc — Détermination de I'aromaticité des huiles dans
les caoutchoucs régénérés

——— Reference number
= — ISO/TR 16314:2010(E)

©1S0 2010


http://dx.doi.org/10.3403/30218343U
http://dx.doi.org/10.3403/30218343U

PD ISO/TR 16314:2010
ISO/TR 16314:2010(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but
shall not be edited unless the typefaces which 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's licensing policy. The ISO 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 ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

COPYRIGHT PROTECTED DOCUMENT

© 1S0O 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 ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 ¢ CH-1211 Geneva 20

Tel. +412274901 11

Fax + 4122749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

ii © 1SO 2010 — All rights reserved




PD ISO/TR 16314:2010
ISO/TR 16314:2010(E)

Contents Page
oL =T o o iv
1 RS T oo o - PSPPI 1
2 NOIrMAtiVe FEFEIrENCES ... n e s s e s e mn e s s nn e e s e mn e e nennns 1
3 Terms and defiNitioNS ... e e s 1
4 Reagents and materials ..o 1
4.1 L= T T =T 1 =Y o | 1
4.2 Sample preparation reageNts..... ... s nnnn e 1
5 N o - - 1 = 2
6 e 0 X o =T o [T 2
6.1 RST= 10 0 0 [=3=0 41 = U 4 o) o 1 P ORSPPOPRT 2
6.2 Purification of @Xtract ... e 3
6.3 A=Y T 1= = 3
7 L0 111 = 1 o o N 4
8 JLICE3 0 (= o e o ST 5
Annex A (informative) TH NMR analysis results for typical reclaimed rubbers...........ccccoeeeeererrererereresernnnnn. 6

© IS0 2010 — Al rights reserved iii



PD ISO/TR 16314:2010
ISO/TR 16314:2010(E)

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.

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.

In exceptional circumstances, when a technical committee has collected data of a different kind from that
which is normally published as an International Standard (“state of the art”, for example), it may decide by a
simple majority vote of its participating members to publish a Technical Report. A Technical Report is entirely
informative in nature and does not have to be reviewed until the data it provides are considered to be no
longer valid or useful.

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.

SO/TR 16314 was prepared by Technical Committee ISO/TC 45, Rubber and rubber products, Subcommittee
SC 3, Raw materials (including latex) for use in the rubber industry.
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Rubber — Measurement of the aromaticity of oil in reclaimed
rubbers

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

This Technical Report provides a method for the selective determination of polyaromaticity of oil in reclaimed
rubbers. The method is based on nuclear magnetic resonance (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.

SO 1407, Rubber — Determination of solvent extract

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.
31

polycyclic aromatic hydrocarbon

PAH

organic compound consisting of two or more aromatic rings, certain carbon atoms of which are common to
two or three rings

4 Reagents and materials

All reagents shall be of recognized analytical grade unless otherwise specified.

4.1 Extraction solvent

411 Acetone.

4.2 Sample preparation reagents
4.21 n-Hexane.

4.2.2 Methylene chloride.

© 1SO 2010 — All rights reserved 1
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4.2.3 Nitrogen, purity > 99,9 %, for protecting the extract from oxidation during drying.
424 CDCI;, 99,9 %, NMR grade.

4.2.5 Hexamethyldisiloxane (HMDS), 99,5 %, NMR grade, or tetramethylsilane (TMS), 99,5 %.

5 Apparatus

5.1 Analytical balance, accurate to 0,1 mg.

5.2 Extraction apparatus, as specified in .

5.3 Steam bath.

5.4 Extract purification apparatus, consisting of the items specified in 5.4.1 to 5.4.5:

54.1 2cm3, 5cm3 and 25 cm3 or 30 cm?3 syringes, with conical end fittings, compatible with solid-phase
extraction (SPE) columns for manual purification operations.

5.4.2 SPE cartridge containing 500 mg of silica gel.")
5.4.3 Laboratory glassware.

5.4.4 (Optional) Solid-phase extraction equipment, connected to a vacuum pump, for simultaneous
purification of many extracts.

5.4.5 Disposable needles.

5.5 NMR spectrometer, at least 200 MHz, preferably with the following acquisition parameters:

— probe: TH;
— pulse phase: 30°;
— spectral width: —2ppmto +12 ppm;

— number of scans: 256;

— relaxation delay: 2s.

6 Procedure

6.1 Sample extraction
6.1.1  The laboratory sample shall be of sufficient size to provide at least 350 mg of extracted oil.

6.1.2 Pass the sample between the rolls of a laboratory mill to reduce its thickness to less than 0,7 mm or,
alternatively, cut the sample in pieces smaller than 1 mm x 1 mm x 2 mm.

1) VARIAN BOND ELUT JR-SI, 500 mg, part number 12162037B, is an example of a suitable product available
commercially. This information is given for the convenience of users of this document and does not constitute an
endorsement by ISO of this product. Equivalent products may be used.
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6.1.3 Wrap the sample in a small filter paper and insert it in the extractor (5.2) or fill the extractor with the
small cut pieces. Fill the flask of the extractor with acetone (4.1.1) and extract for 8 h.

6.1.4 Evaporate the extract to dryness under a stream of nitrogen (4.2.3) to prevent oxidation.

6.2 Purification of extract

6.2.1 Weigh, to the nearest 0,1 mg, 100 mg + 5 mg of dry extract into a vial and dissolve it in 1 cm3 of
methylene chloride (4.2.2). There may be some insoluble matter.

6.2.2 Condition the SPE cartridge (5.4.2) by injecting 5 cm3 of n-hexane (4.2.1) onto it using a 5cm3
syringe (5.4.1).

6.2.3 When nearly all the n-hexane has drained out, transfer quantitatively the methylene chloride solution
onto the SPE cartridge and start collecting the eluate in a beaker or glass bottle. Use an additional 0,5 cm3 of
methylene chloride to rinse the vial and ensure complete transfer of the evaporation residue to the cartridge.
6.2.4 When nearly all the methylene chloride solution has been absorbed onto the SPE cartridge, start
eluting the non-polar fraction with 25 cm3 of hexane. During the elution, maintain a constant solvent flow not
exceeding a rate of 5 cm3/min.

6.2.5 Stop collecting the purified fraction when all of the 25 cm3 of n-hexane has been added to the SPE
cartridge.

6.2.6 Evaporate the eluate to dryness under a stream of nitrogen to prevent oxidation.

6.2.7 Weigh the dry residue to the nearest 0,1 mg and calculate the percentage recovered.

6.2.8 Repeat the extract purification procedure two more times, taking a fresh portion of extract each time.
6.2.9 Calculate the average of the three percentage recovery values. If the individual values obtained are

within +5 % of the average, proceed to 6.3. Otherwise, repeat the sample extraction and extract purification
procedure until three values within £5 % of the average are obtained.

6.3 NMR analysis

6.3.1 General

The aromatic character of the oil present in the dry residue obtained in 6.2.7 is determined by means of
TH NMR spectroscopy.

6.3.2 Principle
The molecular structure of non-linear PAHs with three or more fused rings contains a characteristic three-
sided concave area, located at the periphery of the molecule. The hydrogen atoms in this area are called bay

region hydrogens (see Figure 1).

TH NMR spectroscopy can identify and quantify selectively the hydrogen atoms in the bay region, which are
characteristic of aromatic oils.

This method describes a procedure for determining the percentage of bay region hydrogens (% Hg,y) in a
sample solution by TH NMR, thus giving an indication of the aromatic character of the oil.

The higher the percentage of bay region hydrogens, the higher the aromaticity.

© 1SO 2010 — All rights reserved 3
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a) Benzopyrene b) 7,12-Dimethylbenzanthracene c) 5-Methylchrysene
Key
1 bay region
Figure 1
6.3.3 NMR measurement
6.3.3.1 Dissolve one of the dry residues obtained in 6.2.7 and 6.2.8 in a glass vial in about 1 cm3 of

CDCI; (4.2.4). If necessary, enhance dissolution by using a small magnetic stirrer or mechanical shaker. If this
is not enough, add more CDCls.

6.3.3.2 Prepare the NMR tube by adding the sample solution prepared in 6.3.3.1 and a few drops of
reference solvent, HMDS or TMS (4.2.5).

6.3.3.3 Acquire the free induction decay (FID) signal and apply a Fourier transform, multiplying by an
exponential function (LB = 0,3 Hz) to obtain the spectrum. Adjust the resonance of the reference (HMDS or
TMS) peak to 0,0 ppm.

6.3.3.4 Integrate the spectrum and record the following areas:
— I the aromatic area, from 6,0 ppm to 9,5 ppm, including the CHCI5 signal (impurity contained in
CDCly);

— ICHC|3 the CHCI; signal (located around 7,2 ppm);

— I the pure aromatic area (= Iy — Icycy, );

— I the area of the bay region from 8,3 ppm to 9,5 ppm;

— I3 the area of the aliphatic and ethylenic regions from 0,2 ppm to 5,8 ppm.

6.3.3.5 Perform NMR measurements on each of the three purified extracts obtained in 6.2.7 and 6.2.8.

7 Calculation

For each of the three purified extracts, calculate the percentage of bay region hydrogens (% HBay) to two
decimal places using the following equation:

1
% Hg.,, =——2—x100
° Bay I1+I3X

where the symbols are as defined in 6.3.3.4.
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Test report

The test report shall include the following information:

a)
b)
c)

d)

© 1SO 2010 — All rights reserved

a reference to this Technical Report ();

all details necessary for the identification of the rubber sample(s) tested;
details of the silica gel used in the solid-phase extraction cartridge (5.4.2);
the three percentage recovery values calculated in 6.2.7 and 6.2.8;

the average values of Iy, Icyg),, I 1o, 13 @and % Hg,y;

any unusual features noted during the determination;

details of any operation not included in this Technical Report, as well as details of any aspect regarded as
optional, such as the NMR parameters in 5.5 if different from those specified;

the date of the test.
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Annex A
(informative)

TH NMR analysis results for typical reclaimed rubbers

Rubber Type of oil Bay region hydrogens
%

Ecorr RNR30 B01 .

Rubber Resources (Netherlands) Non-aromatic 0,15+0,07
Green rubber (Malaysia) Aromatic 0,57 + 0,17
Jeng Yuan Tyrec M1 (Malaysia) Aromatic 0,62+0,18
Union Commercial UCD-103 (Thailand) Aromatic 0,59+0,18
RBR NE .

Rubber Resources (Netherlands) Non-aromatic 0.13+0,07

6 © 1SO 2010 — All rights reserved



PD ISO/TR 16314:2010



PD ISO/TR 16314:2010
ISO/TR 16314:2010(E)

ICS 83.040.10

Price based on 6 pages

© 1SO 2010 — All rights reserved



This page deliberately left blank



NO COPYING WITHOUT BSI PERMISSION EXCEPT AS PERMITTED BY COPYRIGHT LAW

British Standards Institution (BSI)

BSI is the national body responsible for preparing British Standards and other
standards-related publications, information and services.

BSI is incorporated by Royal Charter. British Standards and other standardization
products are published by BSI Standards Limited.

About us

We bring together business, industry, government, consumers, innovators
and others to shape their combined experience and expertise into standards
-based solutions.

The knowledge embodied in our standards has been carefully assembled in
a dependable format and refined through our open consultation process.
Organizations of all sizes and across all sectors choose standards to help
them achieve their goals.

Information on standards

We can provide you with the knowledge that your organization needs
to succeed. Find out more about British Standards by visiting our website at
bsiaroun.com/standards or contacting our Customer Services team or

Knowledge Centre.

Buying standards

You can buy and download PDF versions of BSI publications, including British
and adopted European and international standards, through our website at
bsiaroun.com/shop, where hard copies can also be purchased.

If you need international and foreign standards from other Standards Development
Organizations, hard copies can be ordered from our Customer Services team.

Subscriptions

Our range of subscription services are designed to make using standards
easier for you. For further information on our subscription products go to
bsiaroun.com/subscrintions.

With British Standards Online (BSOL) you'll have instant access to over 55,000
British and adopted European and international standards from your desktop.

It's available 24/7 and is refreshed daily so you'll always be up to date.

You can keep in touch with standards developments and receive substantial
discounts on the purchase price of standards, both in single copy and subscription
format, by becoming a BSI Subscribing Member.

PLUS is an updating service exclusive to BSI Subscribing Members. You will
automatically receive the latest hard copy of your standards when they're

revised or replaced.

To find out more about becoming a BSI Subscribing Member and the benefits

of membership, please visit bsiaroun.com/shop.

With a Multi-User Network Licence (MUNL) you are able to host standards
publications on your intranet. Licences can cover as few or as many users as you
wish. With updates supplied as soon as they're available, you can be sure your
documentation is current. For further information, email bsmusales@bsigroup.com.

BSI Group Headquarters
389 Chiswick High Road London W4 4AL UK

bsi.

Revisions
Our British Standards and other publications are updated by amendment or revision.
We continually improve the quality of our products and services to benefit your

business. If you find an inaccuracy or ambiguity within a British Standard or other
BSI publication please inform the Knowledge Centre.

Copyright

All the data, software and documentation set out in all British Standards and
other BSI publications are the property of and copyrighted by BSI, or some person
or entity that owns copyright in the information used (such as the international
standardization bodies) and has formally licensed such information to BSI for
commercial publication and use. Except as permitted under the Copyright, Designs
and Patents Act 1988 no extract may be reproduced, stored in a retrieval system
or transmitted in any form or by any means — electronic, photocopying, recording
or otherwise — without prior written permission from BSI. Details and advice can
be obtained from the Copyright & Licensing Department.

Useful Contacts:

Customer Services

Tel: +44 845 086 9001

Email (orders): orders@bsigroup.com
Email (enquiries): cservices@bsigroup.com

Subscriptions
Tel: +44 845 086 9001
Email: subscriptions@bsigroup.com

Knowledge Centre
Tel: +44 20 8996 7004
Email: knowledgecentre@bsigroup.com

Copyright & Licensing
Tel: +44 20 8996 7070
Email: copyright@bsigroup.com

..making excellence a habit’


www.bsigroup.com/standards
www.bsigroup.com/shop
www.bsigroup.com/shop
www.bsigroup.com/subscriptions

