IEC IEC 62321-3-2

®

Edition 2.0 2020-06

INTERNATIONAL |
STANDARD 4@\ :

NORME \\
INTERNATIONALE \0‘

HORIZONTAL STANDARD &
NORME HORIZONTALE Q

Determination of certain substances in electrote *rproducts -
Part 3-2: Screening — Fluorine, chlorine an%- in polymers and electronics

by combustion-ion chromatography (C-IC)

Détermination de certaines substances dages produits électrotechniques —
Partie 3-2: Détection — Fluor, chlore ¢t brome dans les polyméres et les produits
électroniques par combustion-c

ographie ionique (C-Cl)

IEC 62321-3—2:23!0%!’!
A )


https://www.stdhive.com/standards/iec-62321-3-2-ed-20-b2020-pdf/

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2020 IEC, Geneva, Switzerland

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 IEC or IEC's member National Committee in the country of the requester. If you have any questions about IEC
copyright or have an enquiry about obtaining additional rights to this publication, please contact the address below or
your local IEC member National Committee for further information.

Droits de reproduction réservés. Sauf indication contraire, aucune partie de cette publication ne peut étre reproduite ni
utilisée sous quelque forme que ce soit et par aucun procédé, électronique ou mécanique, y compris la photocopie et
les microfilms, sans I'accord écrit de I''lEC ou du Comité national de I'lEC du pays du demandeur. Si vous avez des
questions sur le copyright de I'lEC ou si vous désirez obtenir des droits supplémentaires sur cette publication, utilisez

IEC Central Office
3, rue de Varembé
CH-1211 Geneva 20
Switzerland

www.iec.ch

les coordonnées ci-aprés ou contactez le Comité national de I'lEC de votre pays de résidence.

Tel.: +41 22 919 02 11
info@iec.ch

About the IEC

The International Electrotechnical Commission (IEC) is the leading global organization that prepares and publishes
International Standards for all electrical, electronic and related technologies.

About IEC publications

The technical content of IEC publications is kept under constant review by the IEC. Please make sure that you have the
latest edition, a corrigendum or an amendment might have been published.

IEC publications search - webstore.iec.ch/advsearchform
The advanced search enables to find IEC publications by a
variety of criteria (reference number, text, technical
committee,...). It also gives information on projects, replaced
and withdrawn publications.

IEC Just Published - webstore.iec.ch/justpublished

Stay up to date on all new IEC publications. Just Published
details all new publications released. Available online and once
a month by email.

IEC Customer Service Centre - webstore.iec.ch/csc

If you wish to give us your feedback on this publication or need
further assistance, please contact the Customer Service
Centre: sales@iec.ch.

Electropedia - www.electropedia.org

The world's leading online dictionary on electrotechnology,
containing more than 22 000 terminological entries in English
and French, with equivalent terms in 16 additional languages.
Also known as the International Electrotechnical Vocabulary
(IEV) online.

IEC Glossary - std.iec.ch/glossary

67 000 electrotechnical terminology entries in English and
French extracted from the Terms and definitions clause of IEC
publications issued between 2002 and 2015. Some entries
have been collected from earlier publications of IEC TC 37, 77,
86 and CISPR.

A propos de I'lEC

La Commission Electrotechnique Internationale (IEC) est la premiére organisation mondiale qui élabore et publie des
Normes internationales pour tout ce qui a trait a I'électricité, a I'électronique et aux technologies apparentées.

A propos des publications IEC

Le contenu technique des publications IEC est constamment revu. Veuillez vous assurer que vous possédez I'édition la
plus récente, un corrigendum ou amendement peut avoir été publié.

Recherche de publications IEC -
webstore.iec.ch/advsearchform

La recherche avancée permet de trouver des publications IEC
en utilisant différents critéres (numéro de référence, texte,
comité d’études,...). Elle donne aussi des informations sur les
projets et les publications remplacées ou retirées.

IEC Just Published - webstore.iec.ch/justpublished
Restez informé sur les nouvelles publications IEC. Just
Published détaille les nouvelles publications parues.
Disponible en ligne et une fois par mois par email.

Service Clients - webstore.iec.ch/csc

Si vous désirez nous donner des commentaires sur cette
publication ou si vous avez des questions contactez-nous:
sales@iec.ch.

Electropedia - www.electropedia.org

Le premier dictionnaire d'électrotechnologie en ligne au monde,
avec plus de 22 000 articles terminologiques en anglais et en
frangais, ainsi que les termes équivalents dans 16 langues
additionnelles. Egalement appelé Vocabulaire
Electrotechnique International (IEV) en ligne.

Glossaire IEC - std.iec.ch/glossary

67 000 entrées terminologiques électrotechniques, en anglais
et en francais, extraites des articles Termes et définitions des
publications IEC parues entre 2002 et 2015. Plus certaines
entrées antérieures extraites des publications des CE 37, 77,
86 et CISPR de I'IEC.


mailto:info@iec.ch
https://www.iec.ch/
https://webstore.iec.ch/advsearchform
https://webstore.iec.ch/justpublished
https://webstore.iec.ch/csc
mailto:sales@iec.ch
http://www.electropedia.org/
http://std.iec.ch/glossary
https://webstore.iec.ch/advsearchform
https://webstore.iec.ch/justpublished
https://webstore.iec.ch/csc
mailto:sales@iec.ch
http://www.electropedia.org/
http://std.iec.ch/glossary
https://www.stdhive.com/standards/iec-62321-3-2-ed-20-b2020-pdf/

Edition 2.0 2020-06

INTERNATIONAL
STANDARD

HORIZONTAL STANDARD
NORME HORIZONTALE

Determination of certain substances in electroteciinival products —
Part 3-2: Screening — Fluorine, chlorine and bron:inz in polymers and
electronics by combustion-ion chromatography (C-IC)

Détermination de certaines substances dans les produits électrotechniques —
Partie 3-2: Détection — Fluor, chlore et brome dans les polyméres et les produits
électroniques par combustion-ckromcaiographie ionique (C-ClI)

INTERNATIONAL
ELECTROTEC.!NICAL
COMMIE SION

~OM. 11IS§.ON
EL-ZCTROTECHNIQUE
INTERNATIONALE

ICS 13.020.01; 43.040.10 ISBN 978-2-8322-8256-4

Warning! Make sure that you obtained this publication from an authorized distributor.
Attention! Veuillez vous assurer que vous avez obtenu cette publication via un distributeur agréé.

® Registered trademark of the International Electrotechnical Commission
Marque déposée de la Commission Electrotechnique Internationale


https://www.stdhive.com/standards/iec-62321-3-2-ed-20-b2020-pdf/

-2- IEC 62321-3-2:2020 © |IEC 2020

CONTENTS

FOREWORD ....ciiiiie ettt e et e e et e e e e e e et e e e e e e e et e e e e e e e e eanaeenns 5
INTRODUGCTION ..ottt e et e e e e e e e e e e e et e aateaa e e an s e aa e e et e ean e eenaeeneeen 7
1 S T o] o 1 Y S 8
2 NOIMALIVE FEIEIENCES ..ottt e et et et et e et e ea s 9
3  Terms, definitions and abbreviated terms ..o 9
3.1 Terms and definitioNs. .. ... 9
3.2 Abbreviated termMS ... ... .10
4 o e o] - P 11
5 Reagents and mMaterials ... ... 11
T N o o = 1 = (U3 PP S 12
T S AMIP NG i 13
8 PrOCEAUIE...ce e \ NPTPPTT 14
8.1 COMbBUSTION. .. e e 14
8.2 IC @NalYSIS e . U A 14
8.3 BlanK 1St . e e 14
8.4 Cleaning and recalibration ............cooiiiiiiii 14
8.5 Calibration ... e 15
8.6 Measurement of the SamMPle . ... e 15
8.7 LN (=Y =T =Y o o 15
O CalCUIAtION et e 15
O PrECISION < 16
11 Quality assurance and CONIIOl ... ...l e 17
11.1 General...c.oooviiiiiiiiii . YT T PP PPPPPIOPIPPIP 17
11.2  Limits of detection (LOD) euu limis of quantification (LOQ) ......ccvviiiiiiiiiiiiiennen, 17
2 1= Y= A =Y o o ] o P 18

Annex A (informative) Screening for uorine, chlorine, bromine and iodine in polymers
and electronics by oxygen bamu c:>mbustion-ion chromatography ..., 19
A1 LT =T - ¥ S 19
A.2 Principle ... ..... et e et a et e eaeeaet et ea e en et e e ea et e et e ea et eaanan 19
A.3 Reagente ana materials ... 19
A4 A DDA ATUS L. i e 20
A.5 = T 1 o e T PN 20
A.6 e U e 21
A.€ 1 GBNEIAL . 21
AZ2 Choice of the absorption solution............cooiiiii i 21
r.6.3 Preparation of the bomb ... 21
A.6.4 COMDBUSTION et 22
A.6.5 Collection of halides ... 22
A.6.6 Cleaning ProCEAUIE .. ...ttt e e e e e e e eas 23
A7 lon chromatographiC analySiS. ..o 23
A.8 CalCUI A ON .. 23
A.9 Quality assurance and control and test report ..........coooiiiiiiiii 23

Annex B (informative) Screening for fluorine, chlorine, bromine and iodine in polymers
and electronics by oxygen flask combustion-ion chromatography ...l 25

B.1 (7= Y=Y = | 25


https://www.stdhive.com/standards/iec-62321-3-2-ed-20-b2020-pdf/

IEC 62321-3-2:2020 © IEC 2020 -3-

B.2 T T3 T o] = P 25
B.3 Reagents and materials ... ... 25
B.4 N o 0 2= = (U 25
B.5 S T= 1021 1o Yo T PPN 26
B.5.1 LT o= = | P 26
B.5.2 Solid and paste-like SamMPIES ......coeiiiiiiiii 26
B.5.3 Liquid SamMPIes ... 26
B.6 P IO AU . 26
B.6.1 GBNEIAL ..t 26
B.6.2 Choice of the absorption solution............coo 26
B.6.3 COMDBUSTION et e e 27
B.7 lon chromatographic analysis, calculation, quality assurance and control anc
teSt FEPOIt e 27
Annex C (informative) Example of a combustion device and IC system..................0 ... 28
Annex D (informative) Screening for iodine in polymers and electronics by
combustion-ion chromatography (C-1C) ... .o e 29
D.1 GENETAL. . i e 29
D.2 PN CIPIE e 29
D.3 Reagents and materials ... 29
D.4 APPAratUS oo 30
D.5 S T= 1021 1o Yo T PN 31
D.6 Procedure ..o D T PP 31
D.6.1 Combustion ... PR 31
D.6.2 IC ANAIY SIS . it e e 32
D.6.3 Blank teSt ..o 32
D.6.4 Cleaning and recalibration ...c.......cooiiiiii 32
D.6.5 Calibration .. e 32
D.7 Measurement of the sample . e 33
D.8 INTEI EIENCE .o e e 33
D.9 CalCU At ON . e 33
Annex E (informative) Results ¢f aternational interlaboratory study (IS 4A and IS 3-2)...... 35
Annex F (informative) Add tionill results of TG 3-2 test ..o 38
Annex G (informative) Adlditional validation data ... 40
Annex H (informativ ) £ dditional 1C data ..o 42
Bibliography....«........... e e et eea e eeeea e ea e et et e ea ettt e e e ettt e e aneaenans 44
Figure A.1 — Uxample of oxygen bomb combustion device .............coooiiiiiiiii 24
Fiqur= B 1 — Example of oxygen flask combustion device ..........c..ccoiiiiiiiiiiiiiiiii 27
igui= B.2 — Example of wrapping of Sample ..o, 27
Cigure C.1 — Example of a combustion device connected to an ion chromatograph (IC)........ 28
Figure C.2 — Example of ion chromatographic system ... 28
Figure H.1 — Example of a chromatogram of the standard solution (4 mg/l of each
STANAAIA) DY [ oo e e e e 42
Table 1 — Tested concentration ranges for fluorine by C-IC in various materials...................... 8
Table 2 — Tested concentration ranges for chlorine by C-IC in various materials..................... 8

Table 3 — Tested concentration ranges for bromine by C-IC in various materials..................... 8


https://www.stdhive.com/standards/iec-62321-3-2-ed-20-b2020-pdf/

-4 - IEC 62321-3-2:2020 © |IEC 2020

Table 4 — Fluorine results of international inter-laboratory study (IS 4A) ......cccoiiiiiiiinnnnn.. 16
Table 5 — Chlorine results of international inter-laboratory study (I1S 4A) ..., 16
Table 6 — Bromine results of international inter-laboratory study (1IS4A and IIS 3-2)............. 16
Table 7 — Acceptance criteria of items for quality control ..o, 17
Table 8 — Student’s ¢ values used for calculation of method detection limit (MDL = ¢ x

Sn_’]) .................................................................................................................................... 18
Table E.1 — Mean results and recovery rates for bromine obtained in the 11S4A study

0] Yo O PP 35
Table E.2 — Statistical bromine data for 1IS 4A results using C-IC ............ooiiiiiiiiiii, 35
Table E.3 — Mean results and recovery rates for fluorine obtained in the IIS 3-2 study

USING G-l i e e e e e et ettt o ¢ K
Table E.4 — Statistical fluorine data for IS 3-2 results using C-IC ... b 36
Table E.5 — Mean results and recovery rates for chlorine obtained in the IIS 3-2 stuly

LU= 1 Vo T2 PR SRR 36
Table E.6 — Statistical for chlorine data for IS 3-2 results using C-IC ............00c . 37
Table F.1 — Mean results and recovery rates for bromine obtained in the TG 2-2

internal test study by USIiNg C-1C ... i 38
Table F.2 — Mean results and recovery rates for bromine obtained in *he TG 3-2

internal test study by using oxygen bomb-IC........................ R 39
Table G.1 — General conditions for the combustion furnace 2ncu the absorption solution ....... 40
Table G.2 — Additional information — Difference in sample ©ize ;s and measured bromine

values in solder paste with burning aid (WOg3 powder, ... ... 40
Table G.3 — Additional information — Difference in'combustion temperatures and

measured bromine values in solder paste with burn.~g aid (WOS3 powder) ........ccoccoieeviiennnen. 40
Table G.4 — Additional information — Differei ce in recovery rate of iodine according to
adsorbents (HoOo, hydrazine) .................. e, YT S 41
Table H.1 — Typical operating condition. fOi 1C ... ..o 42
Table H.2 — Example of fluorine ce'ibiotion solutions for IC ..., 43
Table H.3 — Example of chlorine calibration solutions for IC............coooiiiiiiiii e, 43

Table H.4 — Example of bremy e calibration solutions for IC.............ci 43


https://www.stdhive.com/standards/iec-62321-3-2-ed-20-b2020-pdf/

IEC 62321-3-2:2020 © IEC 2020 -5-

INTERNATIONAL ELECTROTECHNICAL COMMISSION

DETERMINATION OF CERTAIN SUBSTANCES
IN ELECTROTECHNICAL PRODUCTS -

Part 3-2: Screening — Fluorine, chlorine and bromine in polymers and
electronics by combustion-ion chromatography (C-IC)

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardiz:tio: con. »rising
all national electrotechnical committees (IEC National Committees). The object of IEC is to prom. e in.~rrational
co-operation on all questions concerning standardization in the electrical and electronic fields. Tc this end and
in addition to other activities, IEC publishes International Standards, Technical Specifications' Technical Reports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC PuL'ication(s)”). Their
preparation is entrusted to technical committees; any IEC National Committee interested in ...~ subject dealt with
may participate in this preparatory work. International, governmental and non-governmen. >l orge nizations liaising
with the IEC also participate in this preparation. IEC collaborates closely with the In.>rnaiionai Organization for
Standardization (ISO) in accordance with conditions determined by agreemer* bZuw. 2en e two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nea'v #5 possible, an international
consensus of opinion on the relevant subjects since each technical cemmittee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for internatios.ci us> and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made ‘o ersure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible foi the .y in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC Natioral Con.nittees undertake to apply IEC Publications
transparently to the maximum extent possible in their natio. al a .d regional publications. Any divergence between
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.

5) IEC itself does not provide any attestation of cor.formity. Independent certification bodies provide conformity
assessment services and, in some areas, acct .= i) IEC marks of conformity. IEC is not responsible for any
services carried out by independent certificat:an oaics.

6) All users should ensure that they have th¢ la’est edition of this publication.

7) No liability shall attach to IEC or its a.:ecic"Z, employees, servants or agents including individual experts and
members of its technical committees anu 'EC National Committees for any personal injury, property damage or
other damage of any nature wktso ver, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the pukiic~tion, use of, or reliance upon, this IEC Publication or any other IEC Publications.

8) Attention is drawn to the Mor. atiy 2 references cited in this publication. Use of the referenced publications is
indispensable for the corr. =t appiication of this publication.

9) Attention is drawn to ‘ne \ nss.bility that some of the elements of this IEC Publication may be the subject of patent
rights. IEC shall not L » he d responsible for identifying any or all such patent rights.

International %tan~dard 1EC 62321-3-2 has been prepared by IEC technical committee 111:
Environmenta: standardization for electrical and electronic products and systems.

This second edition cancels and replaces the first edition published in 2013. This edition
co.stiutss a technical revision.

Thicedition includes the following significant technical changes with respect to the previous
ecition:

a) In the previous edition, a screening test method for bromine (Br) content only was provided.
In this edition, a screening test method by C-IC for fluorine (F), chlorine (Cl) and bromine
(Br) has been added to the normative part of the document.

b) A screening test method by C-IC for iodine (I) has been added in Annex D (informative).


https://www.stdhive.com/standards/iec-62321-3-2-ed-20-b2020-pdf/

-6 - IEC 62321-3-2:2020 © |IEC 2020

The text of this International Standard is based on the following documents:

FDIS Report on voting
111/573/FDIS 111/577/RVD

Full information on the voting for the approval of this International Standard can be found in the
report on voting indicated in the above table.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts in the IEC 62321 series, published under the general title Determination of
certain substances in electrotechnical products can be found on the IEC website.

The committee has decided that the contents of this document will remain uncha ced un.i the
stability date indicated on the IEC website under "http://webstore.iec.ch” in the da.> reiated to
the specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.
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INTRODUCTION

The widespread use of electrotechnical products has drawn increased attention to their impact
on the environment. In many countries all over the world this has resulted in the adaptation of
regulations affecting wastes, substances and energy use of electrotechnical products.

The use of certain substances (e.g. lead (Pb), cadmium (Cd), polybrominated diphenyl ethers
(PBDEs) and phthalates) in electrotechnical products is a source of concern in current and
proposed regional legislation.

The purpose of the IEC 62321 series is therefore to provide test methods that will allow the
electrotechnical industry to determine the levels of certain substances in electrotechi.ical
products on a consistent global basis.

The first edition of IEC 62321-3-2 (2013) was published to address screening for 1>l ~remine.

This document (revised edition of IEC 62321-3-2) describes the test methihds to quantify
halogen (fluorine, chlorine and bromine) in polymers and electronics by C-1C in the normative
section and to quantify iodine (l) in an informative Annex D.

In addition, information on oxygen bomb combustion-ion chromatog: .ph' and oxygen flask-ion
chromatography is provided in Annex A (informative) and Anney B (iniormative).

WARNING - Persons using this document should be familiar wth normal laboratory practice.
This document does not purport to address all of the safe‘v p oblems, if any, associated with
its use. It is the responsibility of the user to establis.» aparopriate safety and health practices
and to ensure compliance with any national regulatz-y conditions.
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DETERMINATION OF CERTAIN SUBSTANCES
IN ELECTROTECHNICAL PRODUCTS -

Part 3-2: Screening — Fluorine, chlorine and bromine in polymers and
electronics by combustion-ion chromatography (C-IC)

1 Scope

This part of IEC 62321 specifies the screening analysis of fluorine, chlorine and bron.ne ‘n
polymers and electronics using combustion-ion chromatography (C-IC). A C-IC sceeiing
analysis procedure for iodine can be found in Annex D.

This test method has been evaluated for ABS (acrylonitrile butadiene styrenz), EMC (epoxy
moulding compound), PE (polyethylene) and PC (polycarbonate) within«the concentration

ranges as specified in Table 1, Table 2 and Table 3. (Detailed results are chow: in Table E.1
to Table E.6, and in Annex F (Table F.1 and Table F.2).

The use of this method for other types of materials or concentratic1 ranges outside those
specified below has not been evaluated.

Table 1 — Tested concentration ranges ior 'uo 'ine by C-IC in PC

Substance/element Sluorine
Polymer Unit of PC
c trafi measure
oncentration or ma/k
concentration range tested 97kg 575

Table 2 — Tested con ~enirdation ranges for chlorine by C-IC in PE

Substance/element Chiorine
Polymer il o
Concentration or measure
concentration range te-ted mg/kg 102,2

Table 3 - Tested concentration ranges for bromine by C-IC in various materials

Subs tance/element Bromine
! olymer Unit of ABS EMC PE
) measure
| concetrauon or mglkg 124 to 890 195 to 976 96

LCOI. “entration range tested

This horizontal standard is primarily intended for use by technical committees in the preparation
of standards in accordance with the principles laid down in IEC Guide 108.

One of the responsibilities of a technical committee is, wherever applicable, to make use of
horizontal standards in the preparation of its publications. The contents of this horizontal
standard will not apply unless specifically referred to or included in the relevant publications.
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