IEC 60086-4:202!-0%3
a9

IEC 60086-4

Edition 6.0 2025-01

INTERNATIONAL |
STANDARD Qé& :

NORME N\
INTERNATIONALE QO

0* inside

Primary batteries — C)*

Part 4: Safety of lithium batteries N

Piles électriques — (}

Partie 4: Sécurité des piles au lithium



https://www.stdhive.com/standards/iec-60086-4-ed-60-b2025-pdf/

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2025 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 Secretariat

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 nrep.res 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. Ple.s " ma'C 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and withdrawn publications.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 2e2a
further assistance, please contact the Customer C-nice
Centre: sales@iec.ch.

IEC Products & Se vices Portal - products.iec.ch

Discover our po. ‘el Ul search engine and read freely all the
publications previe 's, graphical symbols and the glossary.
With a subs ription you will always have access to up to date
content t~ilorc A to your needs.

Electroy ~dia - www.electropedia.org

T!'e worlas leading online dictionary on electrotechnology,
co. tain' g more than 22 500 terminological entries in English
and rrench, with equivalent terms in 25 additional languages.
Also known as the International Electrotechnical Vocabulary
wEV) online.

A propos de I'lEC

La Commission Electrotechnique !iic nativiale (IEC) est la premiére organisation mondiale qui élabore et publie des

Normes internationales pour tout ¢ » 4ui

A propos des publications IEC

trait a I'électricité, a I'électronique et aux technologies apparentées.

Le contenu technique des pu. lica.ions IEC est constamment revu. Veuillez vous assurer que vous possédez I'édition la
plus récente, un corrigenc 'm o | amendement peut avoir été publié.

Recherche de pub''~ations IE ™ -

webstore.iec.ch/a3dvse archform

La recherche 2:7anc ‘e permet de trouver des publications IEC
en utilisant diffe.=nts criteres (numéro de référence, texte,
comité d’é‘udes, ...,. Elle donne aussi des informations sur les
projets et le s publications remplacées ou retirées.

'EC ¢ 'st Pui lished - webstore.iec.ch/justpublished
T\stez ‘nforné sur les nouvelles publications IEC. Just
Pub,~*.ed détaille les nouvelles publications parues.
L =ponible 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.

IEC Products & Services Portal - products.iec.ch
Découvrez notre puissant moteur de recherche et consultez
gratuitement tous les apergus des publications, symboles
graphiques et le glossaire. Avec un abonnement, vous aurez
toujours accés a un contenu a jour adapté a vos besoins.

Electropedia - www.electropedia.org

Le premier dictionnaire d'électrotechnologie en ligne au monde,
avec plus de 22 500 articles terminologiques en anglais et en
frangais, ainsi que les termes équivalents dans 25 langues
additionnelles. Egalement appelé Vocabulaire
Electrotechnique International (IEV) en ligne.



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
https://products.iec.ch/
http://www.electropedia.org/
https://webstore.iec.ch/advsearchform
https://webstore.iec.ch/justpublished
https://webstore.iec.ch/csc
mailto:sales@iec.ch
https://products.iec.ch/
http://www.electropedia.org/
https://www.stdhive.com/standards/iec-60086-4-ed-60-b2025-pdf/

IEC 60086-4

Edition 6.0 2025-01

INTERNATIONAL
STANDARD

NORME
INTERNATIONALE

colour
inside

Primary batteries —
Part 4: Safety of lithium batteries

Piles électriques —
Partie 4: Sécurité des piles au lithium

INTERNATIQNA.
ELECTROTEC.!INICAL
COMMIE SION

~OM. 1ISS.ON
ELZCTROTECHNIQUE
INTERNATIONALE

ICS 29.220.10 ISBN 978-2-8327-0079-2

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-60086-4-ed-60-b2025-pdf/

-2- IEC 60086-4:2025 © |IEC 2025

CONTENTS

O T T 1 I PP 5
LN I 2 1 1 L O 1 PN 7
1 ST e o] o 1Y OO PRPRN 8
2 NOIMAtIVE FEIEIENCES .. e e 8
3 Terms and definitioNs ... 8
4 Requirements for Safety .. ..o 11
4.1 7T T | o PPN 0
4.2 QUANIEY PIAN e 12

5 Type testing and Sampling ... e 12
5.1 Validity of t€StiNg ..ovnieeii i e 12
5.2 TSt SAMPIES e 12

6 Testing and reqQUIrEmMENtS ... 13
6.1 (=Y o 1= = | P S PP PRPRN 13
6.1.1 Test application MatriX.......oooviiii i s e e 13
6.1.2 Cautionary NOtICe. ... ..o L 14
6.1.3 Ambient temperature ..o e 14
6.1.4 Parameter measurement tolerances ............i oo 14
6.1.5 PrediSCharge ... et e 15
6.1.6 Additional Cells ... 15

6.2 Evaluation of test Criteria ... 15
6.2.1 ShOM-CIrCUIT ..t e 15
6.2.2 Excessive temperature rise.... ... 15
6.2.3 L BaAKAGE et e 15
6.2.4 V2= 0101 T P 15
6.2.5 Fire oo, N 16
6.2.6 RUPIUNE e e e aea e 16
6.2.7 e o] Lo T3 Lo o 1 16

6.3 Tests and reqUIremMents — OVEIVIEW ...cuuiniiiii e 16
6.4 Tests for INteNded USa ..o 17
6.4.1 Test Al £ liUUG s 17
6.4.2 Test 5. Thermal CYCHNG .vvii e 17
6.4.3 Test o Mibration. ..o 18
6.4.4 FSE Dl S NOCK et 18

6.5 Tesu> for reasonably foreseeable MiSUSE ..o 19
6.5.1 GBNEIAl e 19
K.5.2 Test E: External short-CirCuit..........oooii e 19
5.5.0 Test Fi ImMPacCt oo 19
6.5.4 1= G O U = o 20
6.5.5 Test H: Forced diSCharge. ..o 21
6.5.6 Test I: Abnormal Charging.......coouioiiii e 22
6.5.7 Test J: Free fall ..o 22
6.5.8 Test K: Thermal abusSe. ... 23
6.5.9 Test L: Incorrect installation........ ... 23
6.5.10 Test M: OverdisCharge. ... 24

6.6 Information to be given in the relevant specification...................coooi 25
6.7 Evaluation and report . ... 25


https://www.stdhive.com/standards/iec-60086-4-ed-60-b2025-pdf/

IEC 60086-4:2025 © |IEC 2025 -3-

7 Information fOr SafEly . ..o
7.1 Safety precautions during design of equipment ...
7.1.1 GBNEIAL L. s
7.1.2 Charge ProteCtion .. ...
7.1.3 Parallel CoNNECHioN .. ...

7.2 Precautions during handling of batteries ...,
7.3 Additional information for safety of coin cells ...
7.4 = Vo3 = Vo 1 Vo PSP
7.5 Handling of battery Cartons ...
7.6 LI = 1 57 1 T S P
7.6.1 LT o= = | A
7.6.2 = ] o o P S
7.6.3 SEaA IrANS PO .. ittt
7.6.4 Land transSpPOrt ...

7.7 Display @and StOrage .....cu i e
7.8 D 1 1= T 171 I U
INSTrUCHIONS fOr USE ...iiiiii e D 1 AT AP
Marking and PackagiNng .....cc.ueeuuiiiiii e e e

9.1 GENEIAl. .
9.2 Marking of batteries too small to accommodate all 1= 1#7gS i,
9.3 Additional requirements for swallowable coin ce |s ana batteries...........................
9.4 Safety PICtOgrams ...
Annex A (informative) Guidelines for the achievem~nt «f safety of lithium batteries .............
Annex B (informative) Guidelines for designers of qu pment using lithium batteries............
Annex C (informative) Additional information on display and storage .............ccooooiviiiininnnes
Annex D (informative) Safety pictograms & .
D.1 GBNETAL . s
D.2 Pictograms................... . <A
D.3 INSIFUCTION fOF USE ..iuiii oo e e et
Annex E (normative) Child resistaat packaging of coincells........cooooiiiiiiiii i,
E.1 BNl e e s
E.2 APPIICADIIY e
E.3 P aCKagiN 1O S et
E.3.1 L= LT PP
E.3.2 I 10 0
E.3.3 VSt PrOCEAUIE Lo
E.C4 (O 4 1 1= - P
AinexE ‘normative) Use of the KEEP OUT OF REACH OF CHILDREN safety sign.............
F.: =Y o T=T - |
F.2 SaAf Y S g .
F.3 Marking on the packaging ... ..o
F.4 Marking On the Cell... ..o e

Annex G (normative) Measures against misuse of batteries not intended for consumer
L= 0] F= o= o 4 1= | P
GA1 = F= T3 1o o ] U 1o o PR

G.2 Additional measures for the prevention of confusion of primary batteries not
intended for consumer replacement with secondary batteries................................

29

29

39


https://www.stdhive.com/standards/iec-60086-4-ed-60-b2025-pdf/

-4 - IEC 60086-4:2025 © |IEC 2025

G.2.1 Identification of primary (non-rechargeable) batteries not intended for
CONSUMET rePlaCemMENT ... 45
G.2.2 Marking and information requirements for primary batteries not intended
for consumer replacement .. ..o 46

G.2.3 Information responsibility of manufacturers and distributors........................... 46
71 0] [T Yo = o 2 V78 PP 47
Figure 1 — Thermal cycling ProCedUIe ...... oo e 17
Figure 2 — Example of a test set-up for the impact test..........cccooiiiiii i, 20
Figure 3 — Examples of a test set-up for the crush test..........cccooiiii 21
Figure 4 — Axes for free fall. ... 23
Figure 5 — Circuit diagram for incorrect installation ... 24
Figure 6 — Circuit diagram for overdischarge............ccooiiiiiii i, 25
Figure 7 — Examples of wiring for charge protection..............coooiiiiiiiiiiiic e, 26
Figure 8 — INgestion QAUQJE ....cuuiiiiii e e T e 27
Figure 9 — Example for warning against swallowing, particularly coin cei. bat ~ries ............... 27
Figure A.1 — Battery design guidelines .........ccooiiiiiiiiiii e e 34
Figure E. 1 — Bending test ..o e e e 42
Figure E.2 — Torsion teSt. .. i T i e 42
Figure E.3 — Tearing test .. .o 42
Figure E.4 — Pushing test........ccooiiiiiii . 43
Figure E.5 — Maximum packaging OP&NiNG ......cc.ou i et e e aeenas 43
Figure F.1 — Safety signs for use on coin Cells ... 44
Table 1 — Number of test samples................. B et r e re et 13
Table 2 — Test application MatriX ... .. .o 14
Table 3 — Mass 1088 lMits ... e 15
Table 4 — Tests and reqUIrEmM S . e 16
Table 5 — Vibration profile (sirius0idal) ........ccooiiiiiii 18
Table 6 — ShOCK PArameE BIS .. ..ot e e e e e eaaes 19
Table 7 — Resistive:'oac for overdischarge...... ..o 24
Table 8 — Parameters (0 be specified ... ..o 25
Table 9 —Ma <iNG FeQUINEMENTS ... e e e e e e e 32
Table 10 — Aldiuional marking and packaging requirements for swallowable coin cells
= Lo I o F= ) A= =TS 33
Tavle bt — Equipment design guidelines.... ..o 35
Tebhle D1 = Safety PICtOgramIS ..o 39

] o L= = B == A o] o Yo =T 1T o = P 43


https://www.stdhive.com/standards/iec-60086-4-ed-60-b2025-pdf/

IEC 60086-4:2025 © |IEC 2025 -5-

1)

2)

3)

4)

5)

6)

7)

8)

9)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

PRIMARY BATTERIES -
Part 4: Safety of lithium batteries

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization cc mpricing
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote interncfion.!
co-operation on all questions concerning standardization in the electrical and electronic fields. To this =na >nd
in addition to other activities, IEC publishes International Standards, Technical Specifications, Te chn.~al K. »orts,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Public: ‘on(+"}. Their
preparation is entrusted to technical committees; any IEC National Committee interested in the subj. <t dealt with
may participate in this preparatory work. International, governmental and non-governmental ¢ ganizations liaising
with the IEC also participate in this preparation. IEC collaborates closely with the Internationl Organization for
Standardization (ISO) in accordance with conditions determined by agreement betweer the .2* organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly ¢s po: tible, an international
consensus of opinion on the relevant subjects since each technical committe= ha. r:presentation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and < e accepted by IEC National
Committees in that sense. While all reasonable efforts are made to =ns ire that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the wec livhich they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC National. Comm. ‘eec undertake to apply IEC Publications
transparently to the maximum extent possible in their national »nd . ~gional publications. Any divergence between
any IEC Publication and the corresponding national or regional iblication shall be clearly indicated in the latter.

IEC itself does not provide any attestation of conformity Ind pendent certification bodies provide conformity
assessment services and, in some areas, access to IEC \..=.ks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

All users should ensure that they have the lates* ea.fion f this publication.

No liability shall attach to IEC or its director.; eiapluyees, servants or agents including individual experts and
members of its technical committees and. .ev ‘Naconal Committees for any personal injury, property damage or
other damage of any nature whatsueve. ~whither direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, «ce of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the Norm~tive = ferences cited in this publication. Use of the referenced publications is
indispensable for the correct ‘ipr.ication of this publication.

IEC draws attention to th2 poccioility that the implementation of this document may involve the use of (a)
patent(s). IEC takes ne pbos'tion concerning the evidence, validity or applicability of any claimed patent rights in
respect thereof. As of the late of publication of this document, IEC had not received notice of (a) patent(s), which
may be required to in.nler ent this document. However, implementers are cautioned that this may not represent
the latest information, v.hich may be obtained from the patent database available at https://patents.iec.ch. IEC
shall not be h:lu ~esponsiole for identifying any or all such patent rights.

IEC 60086-- ha. been prepared by technical committee 35: Primary cells and batteries. It is an
Internat’onal Standard.

This sixtt edition cancels and replaces the fifth edition published in 2019. This edition
cuastiwtes a technical revision.

This edition includes the following significant technical changes with respect to the previous

edition:

a) Added definitions for leakage and venting, in addition to the test criteria;
b) Revised overdischarge test;

c) Revised marking requirements;

d) Revised criteria for the child resistant packaging test;

e)

Changed the purpose of Annex F from "informative" to "normative";
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f) Added a new Annex G with additional measures against misuse of batteries not intended
for consumer replacement;

g) Integrated the contents of Interpretation Sheet 1 (IEC 60086-4:2019/ISH1:2020);

h) In Clause 3, terms were reordered according their functions: basic terms, electrochemical
systems, battery shapes, battery sizes, electrical characteristics, specifications, safety
aspects, failure modes;

i) In6.4.4, the exemption for the shock acceleration for lithium primary batteries was reduced
from 12 kg to 4,482 kg in order to reflect the fact that this is the threshold in IEC 62281,
Test T-4, where the peak acceleration decreases below 150 g,.

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

Draft Report on voting

35/1571/FDIS 35/1579/RVD

Full information on the voting for its approval can be found in the report on.voi'ng indicated in
the above table.

The language used for the development of this International Stancara o Eriglish.

This document was drafted in accordance with ISO/IEC Dizect ves, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Direc.* ¢¢; IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main dociment types developed by IEC are
described in greater detail at www.iec.ch/publications.

NOTE 1 The following print types are used:

— instructions/warnings for consumers: in italic type.

A list of all parts in the IEC 60086 series, vndur the general title Primary batteries, can be found
on the IEC website.

The committee has decided that tk= ¢ ntents of this document will remain unchanged until the
stability date indicated on the IL'C :ebsite under webstore.iec.ch in the data related to the
specific document. At this date,; th > document will be

e reconfirmed,
e withdrawn, or

e revised.

NOTE 2 The at'enti’n of National Committees is drawn to the fact that equipment manufacturers and testing
organizations-ma, need a transitional period following publication of a new, amended or revised IEC document in
which to make ~roaucts in accordance with the new requirements and to equip themselves for conducting new or
revised tasts. It is the recommendation of the committee that the content of this document be adopted for
implemen:ation nationally not earlier than 2 years from the date of publication. The transitional period applies
spctificd!'v to changes in Table 10. In the meantime, the previous edition can still be ordered by contacting your
'azal 'EC member National Committee or the IEC Secretariat.

IMPORTANT — The "colour inside" logo on the cover page of this document indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

The concept of safety is closely related to safeguarding the integrity of people and property.
This document specifies tests and requirements for lithium batteries and has been prepared in
accordance with ISO/IEC guidelines, taking into account all relevant national and international
standards which apply.

Lithium batteries are different from conventional primary batteries using aqueous electrolyte in
that they contain flammable materials.

Consequently, it is important to carefully consider safety during design, production, distribution,
use, and disposal of lithium batteries. Based on such special characteristics, lithium batte-ies
for consumer applications were initially small in size and had low power output. There werc als?
lithium batteries with high power output which were used for special industrial and nilivary
applications and were characterized as being "technician replaceable". The first 2ditian o1 this
document was drafted to accommodate this situation.

However, from around the end of the 1980s, lithium batteries with high powc:.auctput started to
be widely used in the consumer replacement market, mainly as a powe. souize in camera
applications. Since the demand for such lithium batteries with high pow~r cutput significantly
increased, various manufacturers started to produce these type. ‘of ithium batteries. As a
consequence of this situation, the safety aspects for lithium batteric= v.ith high power output
were included in the second edition of this document.

Primary lithium batteries both for consumer and industrial ¢ pplicaiions are well-established safe
and reliable products in the market, which is at least . pa.* due to the existence of safety
standards such as this document and, for transpor., IE" 62281. The fourth edition of this
document reflected minor changes which became recessary in order to keep it harmonized with
IEC 62281 and to continuously improve the user ir“arr.ation about safety related matters.

Guidelines addressing safety issues during the design of lithium batteries are provided in
Annex A. Annex B provides guidelines addies: ing safety issues during the design of equipment
where lithium batteries are installed. Ecth fiinex A and Annex B reflect experience with lithium
batteries used in camera applicaiions 4nc¢ are based on [22]7.

The ingestion hazard of coin ¢ 'l L atteries has become an issue and was addressed in the fifth
and sixth editions of this dccuraent by several independent measures such as the development
of a new safety sign "KEEP /U7 OF REACH OF CHILDREN" as well as the introduction of child
resistant packaging.

A new Annex G addi cses measures against misuse of cells and batteries not intended for
consumer replac2ment.

Safety is freadom from unacceptable risk. There can be no absolute safety: some risk will
remain. Therefore a product, process or service can only be relatively safe. Safety is achieved
by recucing risk to a tolerable level determined by the search for an optimal balance between
the 1leal « f absolute safety and the demands to be met by a product, process or service, and
factors such as benefit to the user, suitability for purpose, cost effectiveness, and conventions
Lf the society concerned.

As safety will pose different problems, it is impossible to provide a set of precise provisions and
recommendations that will apply in every case. However, this document, when followed on a
judicious "use when applicable" basis, will provide reasonably consistent standards for safety.

T Numbers in square brackets refer to the Bibliography.
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PRIMARY BATTERIES -

Part 4: Safety of lithium batteries

1 Scope

This part of IEC 60086 specifies tests and requirements for primary lithium batteries to ensure
their safe operation under intended use and reasonably foreseeable misuse.

NOTE Primary lithium batteries that are standardized in IEC 60086-2 are expected to meet all c¢oplicable
requirements herein. It is understood that consideration of this part of IEC 60086 might also be given t2» me . suring
and/or ensuring the safety of non-standardized primary lithium batteries. In either case, no claim or v.7rrai ‘v i, made
that compliance or non-compliance with this part of IEC 60086 will fulfil or not fulfil any of the us.r's particular
purposes or needs.

2 Normative references

The following documents are referred to in the text in such a way tha*'son < 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 refeiranced document (including any
amendments) applies.

IEC 60086-1:2021, Primary batteries — Part 1: Gene:al
IEC 60086-2, Primary batteries — Part 2: Physical and =lectrical specifications

IEC 62281, Safety of primary and secondary lithium cells and batteries during transport

3 Terms and definitions
For the purposes of this documel t, ti e following terms and definitions apply.

ISO and IEC maintain tel rinclogy databases for use in standardization at the following
addresses:

e |EC Electropedic: aviilable at https://www.electropedia.org/

e |SO Online hrowsing platform: available at https://www.iso.org/obp

NOTE Certa'n deinitions taken from IEC 60050-482, IEC 60086-1, and ISO/IEC Guide 51 are repeated below for
convenience.

341

ceh

bosic functional unit, consisting of an assembly of electrodes, electrolyte, container, terminals
ana Jsually separators, that is a source of electric energy obtained by direct conversion of
chiemical energy

[SOURCE: IEC 60050-482:2004, 482-01-01]
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