BSISO 16014-1:2019

Plastics — Determination of average molecular
weight and molecular weight distribution of
polymers using size-exclusion chromatography

Part 1: General principles

°
bSl. Documents

Document Sharing Hub

Full document details: BS ISO 16014-1:2019


http://www.avadocuments.com/doc/bs-iso-16014-1-2019
http://www.avadocuments.com/doc/bs-iso-16014-1-2019

BSISO 16014-1:2019 BRITISH STANDARD

National foreword

This British Standard is the UK implementation of ISO 16014-1:2019. It
supersedes BS ISO 16014-1:2012, which is withdrawn.

The UK participation in its preparation was entrusted to Technical
Committee PRI/21, Testing of plastics.

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.

© The British Standards Institution 2019
Published by BSI Standards Limited 2019

ISBN 978 0 580 52247 5
ICS 83.080.01

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

This British Standard was published under the authority of the
Standards Policy and Strategy Committee on 31 May 2019.

Amendments/corrigenda issued since publication

Date Text affected

Documents

Document Sharing Hub

Full document details: BS ISO 16014-1:2019


https://doi.org/10.3403/30370145
https://doi.org/10.3403/30192409
http://www.avadocuments.com/doc/bs-iso-16014-1-2019
http://www.avadocuments.com/doc/bs-iso-16014-1-2019

Full document details: BS ISO 16014-1:2019

BSI1SO 16014-1:2019

INTERNATIONAL ISO
STANDARD 16014-1

Third edition
2019-05-30

Plastics — Determination of average
molecular weight and molecular
weight distribution of polymers using
size-exclusion chromatography —

Part 1:
General principles

Plastiques — Détermination de la masse moléculaire moyenne
et de la distribution des masses moléculaires de polyméres par
chromatographie d'exclusion stérique —

Partie 1: Principes généraux

Reference number

— T 1SO 16014-1:2019(E)
ISO Documents
= Document Sharing Hub
——— ©1S0 2019


http://www.avadocuments.com/doc/bs-iso-16014-1-2019
http://www.avadocuments.com/doc/bs-iso-16014-1-2019

BSI1SO 16014-1:2019
ISO 16014-1:2019(E)

COPYRIGHT PROTECTED DOCUMENT

© IS0 2019, Published in Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized otherwise in any form
or by any means, electronic or mechanical, including photocopying, or posting on the internet or an intranet, without prior
written permission. Permission can be requested from either ISO at the address below or ISO’s member body in the country of
the requester.

ISO copyright office

Ch. de Blandonnet 8 « CP 401
CH-1214 Vernier, Geneva, Switzerland
Tel. +41 22 749 01 11

Fax +41 22 749 09 47

copyright@iso.org
www.iso.org
Documents
.. Document Sharing Hub
11 © ISO 2019 - All rights reserved

Full document details: BS ISO 16014-1:2019


http://www.avadocuments.com/doc/bs-iso-16014-1-2019
http://www.avadocuments.com/doc/bs-iso-16014-1-2019

BSI1SO 16014-1:2019
IS0 16014-1:2019

Contents Page
FFOT@WOTM ........oooccceesse 8525585858585 iv
1 SCOPI ... 1
2 NOITNATIVE TEECI@INCES .........cccccocovoveeieiesse st ss st 1
3 Terms and AeFIMITIOIIS ... 1
4 PIIICIPIIC ... 2
5 Reagents ...,
5.1 Eluent
5.2 Reagent for column evaluation
5.3 Molecular Weight STANAATTS ...
5.4 Reagent for flow rate marker (internal standard)
5.5 AUQQITIVES ..o
6 AP PATARUS ...k 3
6.1 General.......ccco. .3
6.2 Eluent reservoir ... w3
6.3 Pumping system... 3
6.4 Injector.......c... w4
6.5 COTUITIIIS et 5
6.5, 1 GEIMETAL...ooo oo 5
6.5.2  Determination of theoretical plate number ... -
6.5.3  Determination of resolution factor................. 6
6.5.4  Determination of asymmetry factor ... w7
6.6 Detector w7
6.7  Tubing.... .8
6.8 Temperature control 8
6.9 Recorder and plotter 8
6.10 Data-processing system. .8
6.11  OthEI COMPOIEIIES ..ot 8
7 PIOCEAUTE. ...t 8
Data acquisSition and PrOCESSIINE ................ e 9
8.1 DAta @CGUISTEIOT ..oooooeeeieieieie it 9
8.2 Evaluation of data and correction of chromatograms............. e 9
8.3 Data PrOCESSINEG ... 9
8.3.1 Baseline determination............c.ccc. 9
8.3.2  Determination of calculation range 9
9 EXPIeSSION Of TE@SULTS ..o
9.1 CAlIDTATION CUTVE .....ooo e
9.2 Calculation of average molecular weight
9.3 Differential molecular weight distribution CUIVE ... 12
9.4 Cumulative molecular weight distribution CUTVE ... 13

10 Precision

11 TESET@POTE ...
10 000 €75 4 ) =Y OSSO
11.2 Apparatus and measurement parameters
11.3  Calibration Of the SYSTEIM ... e
114 CAlIDIATION CUTVE ..o
LD RESULES e
Annex A (informative) Supplementary Information ... 16
Annex B (informative) Narrow molecular weight distribution standards................cconn 17
Documents
) Document Sharin%Hub
© IS0 2019 - All rights reserved 1

Full document details: BS ISO 16014-1:2019


http://www.avadocuments.com/doc/bs-iso-16014-1-2019
http://www.avadocuments.com/doc/bs-iso-16014-1-2019

BSISO 16014-1:2019
ISO 16014-1:2019

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 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 documents should be noted. This document was drafted in accordance with the
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

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. Details of
any patent rights identified during the development of the document will be in the Introduction and/or
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and
expressions related to conformity assessment, as well as information about ISO's adherence to the
World Trade 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 61, Plastics, Subcommittee SC 5, Physical-
chemical properties.

This third edition cancels and replaces the second edition (ISO 16014-1:2012), which has been
technically revised. The main changes compared to the previous edition are as follows:

— publication dates of references have been removed;

— the term “system peak” has been added to Figure 4;

— molecular mass has been changed to molecular weight according to [UPAC rule.
Alist of all parts in the ISO 16014 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 IS0 16014-1:2019

Plastics — Determination of average molecular weight
and molecular weight distribution of polymers using size-
exclusion chromatography —

Part 1:
General principles

1 Scope

This document specifies a general method for determining the average molecular weight and the
molecular weight distribution of polymers using size-exclusion chromatography (SEC).

The average molecular weight and the molecular weight distribution are calculated from a calibration
curve constructed using polymer standards if using one of the SEC techniques described in ISO 16014-2
to ISO 16014-4 or from a calibration curve constructed using absolute molecular weight data if using
size-exclusion chromatography coupled with light-scattering detection (SEC-LS) as described in
IS0 16014-5.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes 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.

ISO 472, Plastics — Vocabulary

ISO 16014-2, Plastics — Determination of average molecular weight and molecular weight distribution of
polymers using size-exclusion chromatography — Part 2: Universal calibration method

ISO 16014-3, Plastics — Determination of average molecular weight and molecular weight distribution of
polymers using size-exclusion chromatography — Part 3: Low-temperature method

ISO 16014-4, Plastics — Determination of average molecular weight and molecular weight distribution of
polymers using size-exclusion chromatography — Part 4: High-temperature method

ISO 16014-5, Plastics — Determination of average molecular weight and molecular weight distribution of
polymers using size-exclusion chromatography — Part 5: Light-scattering method

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 472 and the following apply.

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

3.1

light-scattering detection

LS detection

technique for determining the mass or size of polymer molecules dissolved in solution by measuring

the light scattered by the polymer molecules Documents
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4 Principle

A polymer sample is dissolved in a suitable solvent to make a dilute solution. This solution is injected
into the mobile phase and onto the SEC column, which is packed with non-adsorbing material made
up of small particles having pores of similar or varying size. As the polymer sample passes through
the column, the polymer molecules are separated from each other according to the difference in their
molecular masses, or more precisely, the difference in their molecular sizes (i.e. their hydrodynamic
volume). In SEC, the larger-size molecules cannot permeate into the pores, and thus elute faster, while
smaller molecules can permeate into the pores and elute more slowly. The polymer concentration in the
eluate is continuously monitored by a concentration-sensitive detector (coupled to a light-scattering
detector if SEC-LS is being used) to give an SEC chromatogram.

In the SEC techniques described in ISO 16014-2 to ISO 16014-4, the molecular weight at any elution time
on the SEC chromatogram is determined from a calibration curve which is constructed using reference
polymer standards with a narrow molecular weight distribution. In SEC-LS, described in ISO 16014-5,
a calibration curve constructed using absolute molecular weight data obtained from the SEC-
LSchromatogram at any elution time is used. The average molecular weight and the molecular weight
distribution of the unknown polymer are calculated by using the molecular weight and concentration
data corresponding to each elution time.

5 Reagents

5.1 Eluent

The required purity of the eluent used for SEC varies with the application, but in general the solvent
should be free of particulate matter and substances that react with the polymer or interfere with
detection of the polymer. Additives such as antioxidants and salts can be used to prevent the degradation
of the eluent, the aggregation of polymer molecules, the adsorption of the polymer on the packing
material and for other purposes. A mixed eluent may also be used in the SEC techniques described in
[SO 16014-2 to ISO 16014-4 to modify the solubility and the refractive index, or to reduce the cost of the
mobile phase. A mixed eluent cannot be used for SEC-LS measurements, however, because the polymer
selectively adsorbs the components of the mixed eluent, thus giving an erroneous result.

5.2 Reagent for column evaluation

A low molecular weight compound is used for the determination of the theoretical plate number,
asymmetry factor and resolution factor of the column.

5.3 Molecular weight standards

The test methods described in ISO 16014-2 to ISO 16014-4are not absolute methods but relative ones;
they require a calibration curve for the calculation of the average molecular weight and the molecular
weight distribution from the SEC chromatogram. This calibration curve is plotted using standards
of known molecular weight and narrow molecular weight distribution. The value of M,, and/or My
of the standard determined by an absolute method, such as light scattering, membrane osmometry,
vapour pressure osmometry, ultracentrifugation or end-group analysis. The polydispersity My/My, is
calculated by dividing the absolute value of M,y by the absolute value of My. The polydispersity of the
polymer standards shall lie within the following ranges:

Mp<2- 103 Mw/My < 1,20
2-103 < My < 106 My /My < 1,10
106 < My Mw/My < 1,20
Documents
Document Sharing Hub
2 © IS0 2019 - All rights reserved

Full document details: BS ISO 16014-1:2019


https://doi.org/10.3403/BSISO16014
https://doi.org/10.3403/BSISO16014
https://doi.org/10.3403/BSENISO16014
https://doi.org/10.3403/BSISO16014
https://doi.org/10.3403/BSISO16014
https://doi.org/10.3403/BSISO16014
http://www.avadocuments.com/doc/bs-iso-16014-1-2019
http://www.avadocuments.com/doc/bs-iso-16014-1-2019

