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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PRIMARY BATTERIES -
Part 4: Safety of lithium batteries

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for stahdardization comprising
all national electrotechnical committees (IEC National Committees). The objegt| of IEC\ is to promote
international co-operation on all questions concerning standardization in the electyi
this end and in addition to other activities, IEC publishes International Standa

Technical Reports, Publicly Available Specifications (PAS) and Guides “IEC
Publication(s)”). Their preparation is entrusted to technical committees; an terested
in the subject dealt with may participate in this preparatory work. Ip ati , ental and non-
governmental organizations liaising with the IEC also participate in this i

with the International Organization for Standardization (ISO) in aegco determined by
agreement between the two organizations.

The formal decisions or agreements of IEC on technical matte e 8 as possible, an international
consensus of opinion on the relevant subjects since eac i € iftee has representation from all

interested IEC National Committees.

Publications is accurate, IEC cannot be Xeld
misinterpretation by any end user.

members of its technisal committees andMEET National Committees for any personal injury, property damage or
other damage of{an 8 whether direct or indirect, or for costs (including legal fees) and
expenses ari ier; use of, or reliance upon, this IEC Publication or any other IEC
Publication

patent rights. C shalNnot be held responsible for identifying any or all such patent rights.

International Standard IEC 60086-4 has been prepared by technical committee 35: Primary
cells and batteries.

This fourth edition cancels and replaces the third edition published in 2007. This edition
constitutes a technical revision.

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

a) Harmonisation with the second edition of IEC 62281 [12]7;
b) Alternative protective circuits in 7.1.1;

1

Numbers in square brackets refer to the Bibliography.
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¢) More information regarding risks of swallowing lithium batteries in (former) 7.2.m) and
promotion of this item to 7.2a);

d) A new Annex D with pictograms for some of the safety precautions in 7.2.

The text of this standard is based on the following documents:

FDIS Report on voting
35/1324/FDIS 35/1332/RVD

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

This publication has been drafted in accordance with the ISO/IEC Dire es, P

NOTE The following print types are used:
— requirements: in roman type;
— instructions/warnings for consumers: in italic type.

A list of all parts in the IEC 60086 series, under the
found on the IEC website.

batteries, can be

e reconfirmed,
e withdrawn,

e replaced by a revised edition

amended. <>

IMPORTANT - T
that it contai
understandi
colour printer.
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INTRODUCTION

The concept of safety is closely related to safeguarding the integrity of people and property.
This standard 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 deS|gn production,
dlstrlbutlon use, and disposal of I|th|um batter|es Based on such _Speeia characteristics,

output. There were also lithium batteries with high power output whic]
industrial and military applications and were characterized as being

be W|dely used in the consumer replacement market, mai
appllcatlons Slnce the demand for such lithium batterie

Primary lithium batteries both for const
safe and reliable products in the marke

related matters.

Guidelines addressing
Annex A. Anne i
equipment where [lithium
lithium batteries yg

Safety is fr
remain. The 6cess or service can only be relatively safe. Safety is achieved
by reduging Tisk 3ble level determined by the search for an optlmal balance between

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 standard, when followed on
a judicious “use when applicable” basis, will provide reasonably consistent standards for
safety.
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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 expect€d|, to_meehall applicable
requirements herein. It is understood that consideration of this part of IEC 60086 mig givento measuring
and/or ensuring the safety of non-standardized primary lithium batteries. In eithef case, laim or warranty is
made that compliance or non-compliance with this standard will fulfil or not fu 8 _user’'s particular
purposes or needs.

2 Normative references

d\in this document and
are indispensable for its apphcatlon For dated refetencges edition cited applies. For
undated references, the Iatest i e € document (including any
amendments) applies.

IEC 60086-1:2011, Primary batteries — f

IEC 60086-2, Primary battefi Y P/ and_efectrical specifications

3 Terms and defi

For the purposes@ IS X ollowing terms and definitions apply.

0050-482, IEC 60086-1, and IEC Guide 51 are repeated below for

[SOURCE: IEC 60050-482:2004, 482-01-04, modified ("fitted with devices necessary for use,
for example case" replaced by "electrically connected and fitted in a case", addition of "etc.,
as necessary for use")]

3.2

coin cell

coin battery

small round cell or battery where the overall height is less than the diameter

Note 1 to entry: In English, the term “coin (cell or battery)” is used for lithium batteries only while the term “button
(cell or battery)” is only used for non-lithium batteries. In languages other than English, the terms “coin” and
“button” are often used interchangeably, regardless of the electrochemical system.

[SOURCE: IEC 60050-482:2004, 482-02-40, modified (term “button” deleted, NOTE “In
practice terms, the term coin is used exclusively for non-aqueous lithium cells.” replaced with
a different note)]
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3.3

cell

basic functional unit, consisting of an assembly of electrodes, electrolyte, container, terminals
and usually separators, that is a source of electric energy obtained by direct conversion of
chemical energy

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

3.4
component cell
cell contained in a battery

3.5
cylindrical (cell or battery)
round cell or battery in which the overall height is equal to or greate

[SOURCE: IEC 60050-482:2004, 482-02-39, modified ("cell wi
by "round cell or battery")]

3.6

depth of discharge

DOD

percentage of rated capacity discharged

3.7
fully discharged
state of charge of a cell or battery corr

3.8
harm
physical injury or dama

[SOURCE: ISO/I

3.9
hazard

3.10
intended use
use of a product, process or service in accordance with information provided by the supplier

[SOURCE: ISO/IEC Guide 51:1999, 3.13]

3.11
large battery
battery with a gross mass of more than 12 kg

3.12
large cell
cell with a gross mass of more than 500 g
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3.13

lithium cell

cell containing a non-aqueous electrolyte and a negative electrode of lithium or containing
lithium

[SOURCE: IEC 60050-482:2004 482-01-06, modified (removal of NOTE)]

3.14

nominal voltage

suitable approximate value of the voltage used to designate or identify a cell, a battery or an
electrochemical system

[SOURCE: IEC 60050-482:2004, 482-03-31]

3.15

open circuit voltage

OCV, Uq, off-load voltage
voltage across the terminals of a cell or battery when no extg

[SOURCE: IEC 60050-482:2004, 482-03-32, modified S terms “OCV, Ug, off-load
voltage” added, “across the terminals” added, “whe g ent is zero” replaced
with “when no external current is flowing”)]

3.16

prismatic cell
prismatic battery
qualifies a cell or a battery having the sha allelgpiped whose faces are rectangular

3.17

protective devi
devices such as\usg S\ Or qthex electric or electronic current limiters designed to

interrupt the current s gnt flow in one direction or limit the current flow in an
electrical circuit

battery determined under specified conditions and declared by the

[SOURCE: IEC 60050-482:2004, 482-03-15, modified ("cell or" added)]

3.19

reasonably foreseeable misuse

use of a product, process or service in a way not intended by the supplier, but which may
result from readily predictable human behaviour

[SOURCE: ISO/IEC Guide 51:1999, 3.14]
3.20
risk

combination of the probability of occurrence of harm and the severity of that harm

[SOURCE: ISO/IEC Guide 51:1999, 3.2]
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3.21
safety
freedom from unacceptable risk

[SOURCE: ISO/IEC Guide 51:1999, 3.1]

3.22
undischarged
state of charge of a primary cell or battery corresponding to 0 % depth of discharge

4 Requirements for safety

4.1 Design

configurations. It is necessary to consider all relevant safet
stage, recognizing the fact that they can differ considerabl
system, power capability and battery configuration.

a) Abnormal temperature rise above
prevented by design.

preclude a violent r
foreseeable misuse,

See Annex A for guidel
4.2 Quality pla:

5 Sampling

5.1 General

Samples should be drawn from production lots in accordance with accepted statistical
methods.

5.2 Test samples

The number of test samples is given in Table 1. The same test cells and batteries are used for
tests A to E in sequence. New test cells and batteries are required for each of tests F to M.
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Table 1 — Number of test samples

IEC 60086-4:2014 © |IEC 2014

Cells and single

Tests Discharge state cell batteries? Multi-cell batteries
Undischarged 10 4
Tests Ato E
Fully discharged 10 4
Undischarged 5 5 component cells
Test For G
Fully discharged 5 5 component cells
Test H Fully discharged 10 10 component cells
Tests | to K Undischarged 5 5
Test L Undischarged 20 (see Note 1) /\ n/a
50 % predischarged 20 (see Note 2) /\\ \
Test M

75 % predischarged

20 (see Note 3)

single cell batteries containing one tested component cell do not requi
result in a failure of any of the tests.

PR

Key:

n/a: not applicable

QAN

NOTE 3 Four batteries connected in series,

NOTE 1 Four batteries connected in series with one of the fouy batteries

NOTE 2 Four batteries connected in series, one of which/s 50 dix@arg
% pnedis

ne ofkwhich is

d (5 sats).
(5 sets).

(5 sets).

6 Testing and requirements

6.1 General

6.1.1 Test ap

Applicability of tes

nd batteries is shown in Table 2.
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Table 2 — Test application matrix

Applicable tests
Form
A B Cc D E F G H | J K L M
s X X X X X x @ xa X X X X x b x©
m X X X X X x&d | xad | xd X X X n/a n/a
Test description: Key:
Intended use tests Reasonably foreseeable misuse Form
tests
A: Altitude E: External short-circuit S: cell or single cell battery
B: Thermal cycling F: Impact m: multi 28 tter
: y
C: Vibration G: Crush Apolicabilit m
D: Shock H: Forced discharge ppiicabiiity
I: Abnormal charging X icab
J: Free fall n/a: not\applicab
K: Thermal abuse
L

: Incorrect installation
M: Overdischarge @ \
2 Only one test shall be applied, test F or test G. N

b Only applicable to CR17345, CR15H270 and similar typ erjes o
installed incorrectly and charged. ;:

¢ Only applicable to CR17345, CR15H27 simj ype batterie
overdischarged.
d  Test applies to the component cells.

612 Safety notice @m&% N

WARNING: rocedures which can result in injury if
taken.

| nstruction that could be

iral construction that could be

6.1.3

Unless otherwis ifigd, the tests shall be carried out at an ambient temperature of
20°C + 5 °C.

6.1.4 Parameter measurement tolerances

The overall accuracy of controlled or measured values, relative to the specified or actual
parameters, shall be within the following tolerances:

a) 1% for voltage;

b) £1% for current;

c) x2°C for temperature;
d) £0,1% fortime;

e) 1% for dimensions;

) £1% for capacity.

These tolerances comprise the combined accuracy of the measuring instruments, the
measurement techniques used, and all other sources of error in the test procedure.



