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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PRIMARY BATTERIES -
Part 4: Safety of lithium batteries

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for stafhdardization 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
Publication(s)”). Their preparation is entrusted to technical committees; an
in the subject dealt wrth may partrcrpate in this preparatory work P i , ental and non-

“IEC

agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matte e 2 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 revisgd 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 Smce the demand for such lithium batterie

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

related matters.

Annex A. Anne
equipment where lith
lithium batteries ye

Guidelines addrl'ng afety dissues\during the design of lithium batteries are provided in

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 batte?y Y KSICq d electrical 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

Documents

Document Sharing Hub

Full document details: IEC 60086-4 2014


http://avadocuments2026.com/doc/iec-60086-4-2014
http://avadocuments2026.com/doc/iec-60086-4-2014

-10 - IEC 60086-4:2014 © |IEC 2014

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

Tests Discharge state Cells and s!ngal‘e Multi-cell batteries
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. r:

¢ 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.Dc’cu'nents
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6.1.5 Predischarge
Where a test requires predischarge, the test cells or batteries shall be discharged to the

respective depth of discharge on a resistive load with which the rated capacity is obtained or
at a current specified by the manufacturer.

6.1.6 Additional cells

Where additional cells are required to perform a test, they shall be of the same type and,
preferably, from the same production lot as the test cell.

6.2 Evaluation of test criteria

6.2.1 Short-circuit

6.2.2 Excessive temperature rise

An excessive temperature rise is considered to haye occured™d a test if the external

6.2.3 Leakage

or other material from the test cell or bat

tery, ox the
”@

Table 3 — Mass loss limits

Nﬂ}és of cell or battery Mass loss limit

m Am ['m
m<1g 0,5 %
19<m<75¢g 0,2 %
m>75g 0,1 %

6.2.4 Venting
Venting is considered to have occurred if, during a test, an excessive build up of internal gas

pressure escapes from a cell or battery through a safety feature designed for this purpose.
This gas may include entrapped materials.

6.2.5 Fire

A fire is considered to have occurred if, during a test, flames are emitted from the test cell or

battery. Documents
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6.2.6 Rupture

A rupture is considered to have occurred if, during a test, a cell container or battery case has
mechanically failed, resulting in expulsion of gas, spillage of liquids, or ejection of solid
materials but no explosion.

6.2.7 Explosion

An explosion is considered to have occurred if, during a test, solid matter from any part of a
cell or battery has penetrated a wire mesh screen as shown in Figure 1, centred over the cell
or battery on the steel plate. The screen shall be made from annealed aluminium wire with a
diameter of 0,25 mm and a grid density of 6 to 7 wires per cm.

0,6 m

3m

IEC

NOTE The figure shows a n (1) of octagonal shape resting on a steel plate (2).

esh screen

6.3 Tests and red
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Table 4 — Tests and requirements

Test number Designation Requirements
Intended use tests A Altitude NL, NV, NC, NR, NE, NF
B Thermal cycling NL, NV, NC, NR, NE, NF
C Vibration NL, NV, NC, NR, NE, NF
D Shock NL, NV, NC, NR, NE, NF
Reasonably foreseeable E External short-circuit NT, NR, NE, NF
misuse tests F Impact NT, NE, NF
G Crush NT, NE, NF
H Forced discharge NE, NF (
| Abnormal charging NE, N/F\Q ) (\
J | Free fall NV, NE, N >
K Thermal abuse <ﬁE\N{ \ \
L Incorrect installation /\ Nlé \
M Overdischarge NF

Tests A through E shall be conducted in sequence on the sam ceII \>
Tests F and G are provided as alternatives. Only one of th{em\ duc d.

Key

NC: No short-circuit
NE: No explosion

NF: No fire

NL: No leakage
NR: No rupture

NT: No excessive tempefatu

NV: No venting €>
See 6.2 for a detaile d?{c\iq'

This test simatesyair transport under low pressure conditions.
b) Test procedure

Test cells and batteries shall be stored at a pressure of 11,6 kPa or less for at least 6 h at
ambient temperature.

¢) Requirements

There shall be no leakage, no venting, no short-circuit, no rupture, no explosion and no
fire during this test.

6.4.2
a) Purpose

Test B: Thermal cycling

This test assesses cell and battery seal integrity and that of their internal electrical
connections. The test is conducted using temperature cycling.

b) Test procedure

Test cells and batteries shall be stored for at least 6 h at a test temperature of 72 °C,
followed by storage for at least 6 h at a test temperature of —40 °C. The maximmmments
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transfer to each temperature shall be 30 min. Each test cell and battery shall undergo this
procedure 10 times. This is then followed by storage for at least 24 h at ambient
temperature.

NOTE Figure 2 shows one of ten cycles.

For large cells and batteries the duration of exposure to the test temperatures shall be at
least 12 h instead of 6 h.

The test shall be conducted using the test cells and batteries previously subjected to the
altitude test.

+72 °C

—40°C

A

IEC

Key
t < 30 min

t, 26 h (12 h for large cells and batteries)

c) Requirements

There shall bg™Nno
fire during tht.
6.4.3 Test C: Vibrka

a) Purpose

This test
vibrati

Test cells and batteries shall be firmly secured to the platform of the vibration machine
without distorting/them and in such a manner as to faithfully transmit the vibration. Test
cells and batteries shall be subjected to sinusoidal vibration according to Table 5 which
shows a different upper acceleration amplitude for large batteries. This cycle shall be
repeated 12 times for a total of 3 h for each of three mutually perpendicular mounting
positions. One of the directions shall be perpendicular to the terminal face.

The test shall be conducted using the test cells and batteries previously subjected to the
thermal cycling test.
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Frequency range Amplitudes Duration of logarithmic Axis Number
sweep cycle of cycles
From To (7 Hz - 200 Hz — 7 Hz)
Sy =7THz fo a;=1g, X 12
So f3 s =0,8 mm Y 12
15 min
15 Jf4 =200 Hz a, z 12
and back to f; =7 Hz Total 36

NOTE Vibration amplitude is the maximum absolute value of displacement or acceleration. For example, a
displacement amplitude of 0,8 mm corresponds to a peak-to-peak displacement of 1,6 mm.

Key
Sy lower and upper frequency
Jor I3 cross-over frequencies;
Jo =~ 17,62 Hz; and
f3 = 49,84 Hz, except for large batteries, where f3 = 24,92 Hz
a,, a, acceleration amplitude
a,=8g, exceptforlarge batteries, where a,= 2 g_
s displacement amplitude
N\ A

NOTE g, = 9,80665 m / s2

c) Requirements

There shall be no leakage, no venting shoct-sj
fire during this test.

it, no rupture, no explosion and no
6.4.4 Test D: Shock

a) Purpose
This test sim@s

b)

Table 6 — Shock parameters

Peak Number of
Waveform . Pulse duration | shocks per half
acceleration X
axis
Cells or batteries except large ones Half sine 150 g, 6 ms 3
Large cells or batteries Half sine 50 g, 11 ms 3

NOTE g, =9,80665 m/s?

The test shall be conducted using the test cells and batteries previously subjected to the
vibration test.

c) Requirements
There shall be no leakage, no venting, no short-circuit, no rupture, no explosion and no

fire during this test.
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6.5 Tests for reasonably foreseeable misuse

6.5.1 Test E: External short-circuit
a) Purpose

This test simulates conditions resulting in an external short-circuit.
b) Test procedure

The test cell or battery shall be stabilized at an external case temperature of 55 °C and
then subjected to a short-circuit condition with a total external resistance of less than
0,1 Q at 55 °C. This short-circuit condition is continued for at least 1 h after the cell or
battery external case temperature has returned to 55 °C.

The test sample shall be observed for a further 6 h.

The test shall be conducted using the test samples previously subjecte a.shock test.
c) Requirements
There shall be no excessive temperature rise, no rupture, ng
this test and within the 6 h of observation.
6.5.2 Test F: Impact
a) Purpose

This test simulates mechanical abuse from an i
circuit.

b) Test procedure

The test cell or component cell is placed oma
(type 316 or equivalent) with a diame
60 mm or of the longest dimension &f t

61 cm + 2,5 cm at the_inte i arand the test sample in a controlled manner

using a near frictio ack or channel with minimal drag on the falling
mass. The

90 degrees frow

with its longitudinal axis parallel to the flat surface and
xis of the stainless steel bar lying across the centre of

% (
\

PN
3 \\/ 2

IEC

NOTE The figure shows a flat smooth surface (1) and a stainless steel bar (2) which is placed across the
centre of the test sample (3). A mass (4) is dropped at the intersection in a controlled manner using a vertical
sliding channel (5).

Figure 3 — Example of a test set-up for the impact test
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Each test cell or component cell shall be subjected to one impact only.
The test sample shall be observed for a further 6 h.

The test shall be conducted using test cells or component cells that have not been
previously subjected to other tests.

c) Requirements
There shall be no excessive temperature rise, no explosion and no fire during this test and
within the 6 h of observation.

6.5.3 Test G: Crush

a) Purpose

This test simulates mechanical abuse from a crush that can result q_internal short

circuit.

b) Test procedure

The crush test is applicable to prismatic, flexible2, coin cells i § ot more
than 20 mm in diameter.

A cell or component cell is to be crushed between two ffa 3€S. hing is to be
i i act. The crushing

1)

2)

3)

As soon as one of the has\beenobtained, the pressure shall be released
A prismatic or flexjble cell applying the force to the side with the
largest surface area i \ d by applying the force on its flat surfaces.
For cylindrical gells sh force shalNpe applied perpendicular to the longitudinal axis.
See Figure A<>

a) Prismatic or flexible cell b) Coin cell c) Cylindrical cell

NOTE Figures 4a) to 4c) show two flat surfaces (1 and 2) with batteries (3) of different shapes placed
between them for crushing, using a piston (4).

Figure 4 — Examples of a test set-up for the crush test

Each test cell or component cell is to be subjected to one crush only.
The test sample shall be observed for a further 6 h.

2 The term “flexible cell” is used in this document in place of the term “pouch cell” which is used in [19]. It is also
used in place of the terms “cell with a laminate film case” and “laminate film cell”.
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The test shall be conducted using test cells or component cells that have not previously
been subjected to other tests.

c) Requirements
There shall be no excessive temperature rise, no explosion and no fire during this test and
within the 6 h of observation.

6.5.4 Test H: Forced discharge

a) Purpose
This test evaluates the ability of a cell to withstand a forced discharge condition.

b) Test procedure

Each cell shall be force discharged at ambient temperature by connegting~t in series with
a 12 V direct current power supply at an initial current equal to thenpaximumm continuous
discharge current specified by the manufacturer.

test current.

This test shall be conducted with fully discharged
not previously been subjected to other tests.

c) Requirements
There shall be no explosion and ng

6.5.5 Test I: Abnormal charging
a) Purpose

This test simulates the ed within a device and is exposed to
a reverse voltage fro L for example memory back-up equipment
with a defective dio ge 7M. st dition is based upon UL 1642 [17].

b) Test procedure
Each test b
charging curret
charging curre a e_obtained by connecting a resistor of the appropriate size and
rating in series g

a charging current of three times the abnormal
ttery manufacturer by connecting it in opposition to

tq=2,5xC,/ (3 x1,)

tqy is the test duration. In order to expedite the test, it is permitted to adjust the test
parameters such that ¢y does not exceed 7 days;

is the nominal capacity;
is the abnormal charging current declared by the manufacturer for this test.
c) Requirements

There shall be no explosion and no fire during this test.

6.5.6 Test J: Free fall
a) Purpose

This test simulates the situation when a battery is accidentally dropped. The test condition
is based upon IEC 60068-2-31 [7].

b) Test procedure

The test batteries shall be dropped from a height of 1 m onto a concrete surﬁs&% t
test battery shall be dropped six times, a prismatic battery once from ezch of it ,en S
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a round battery twice in each of the three axes shown in Figure 5. The test batteries shall
be stored for 1 h afterwards.

The test shall be conducted with undischarged test cells and batteries.

c) Requirements

There shall be no venting, no explosion and no fire ithin the 1 h of

observation.

6.5.7 Test K: Thermal abuse

a) Purpose

temperature.
b) Test procedure

c) Requirements

There shall t@

6.5.8 Test L: Inc6
a) Purpose
This test g

than 0,1 Q. The circuit shall be completed for 24 h or until the battery case temperature
has returned to ambient (see Figure 6).

+ |y = —
I
|I

B4 Bo...By

IEC

Key
B, Test cell
B,...B,  Additional cells, undischarged

Figure 6 — Circuit diagram for incorrect installation

Full document details: IEC 60086-4 2014

Documents

Document Sharing Hub


http://avadocuments2026.com/doc/iec-60086-4-2014
http://avadocuments2026.com/doc/iec-60086-4-2014

IEC 60086-4:2014 © |IEC 2014 - 23 -

c) Requirements
There shall be no explosion and no fire during this test.

6.5.9 Test M: Overdischarge
a) Purpose

This test simulates the condition when one discharged single cell battery is connected in
series with other undischarged single cell batteries. The test further simulates the use of
batteries in motor powered appliances where, in general, currents over 1 A are required.

NOTE CR17345 and CR15H270 batteries are widely used in motor powered appliances where currents over
1 A are required. The current for non standardized batteries may be different.

b) Test procedure

Each test battery shall be predischarged to 50 % depth of disc
connected in series with three undischarged additional single cg

type.
A resistive load R4 is connected in series with the assembl
R, is taken from Table 7.

The test shall be continued for 24 h or until the batter

ambient.
Table 7 - Re?'»sQ/e ?@}?
Battery type sistiye load R
NUNR N e s

CR17345 ( > 8,20

NN RN

NOTE Tablp ifi Wﬂ additional batteries of a spiral

EXAMPLE
detertmingd

270 batteries were standardized, R, was
the"assembly in Figure 7, using the formula

=4x20V/1A

taken from the specification tables in IEC 60086-2; and 1 A

by rounding R to the nearest value in Table 6 of

B Bo...By
| —
L
R4 IEC

Key
B, Test battery, 50 % predischarged and, in separate tests, 75 % predischarged.
B,... B, Additional batteries, undischarged
R Resistive load

Figure 7 — Circuit diagram for overdischarge Documents
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