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PRIMARY BATTERIES -
Part 4: Safety of lithium batteries
INTERPRETATION SHEET 1

This jnterpretation sheet has been prepared by IEC technical committee 35: Primary cells and

batte]

The fext of this interpretation sheet is based on the following documents:

ries.

DISH Report on voting
35/1445/DISH 35/1448/RVDISH
Full information on the voting for the approval of this interpretation sheet can be found ip the
repoft on voting indicated in the above table.
IMPIORTANT - The 'colour jinside' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Usersishould therefore print this document using a colour printer.
Question 1

In looking at IEC 60086-4 Edition 5.0 2019-04, | thought it was difficult to understand all of the

mark

ing requirements for swallowable batteries as well as the purpose of those requirements.

Could you provide a detailed explanation?

Answer 1

The following list of statements reflects the intention of Table 9 and presents an interpretation

of ce

rtain parts of Clause 9, and Annex F:

a) Table 9 is intended to summarize requirements that are found in the text, namely in 7.2 a),

9

.1and 9.2, and in Annex F.

ICS 29.220.10
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b) The structure of table 9 is similar to the list in 9.1 (items "a)" to "f)") and 9.2 (items "a)" thru
llb)ll).

c) From item a) in 9.2 it is not clear what exactly is required to appear on the packaging and
what on the battery: the safety sign alone (Table D.1 item E, or Figure F.1) or the complete
product safety label (Figure 9).

The purpose of measures to prevent accidental ingestion of batteries is to eliminate the
opportunity for children to get stuck batteries in the oesophagus.

The battery that requires measures to prevent accidental ingestion is a swallowable battery size
which fits within the limits of the ingestion gauge and is applied to direct sale in consumer-
replajceable applications in which children have opportunity to contact swallowable battefnies.

Therg¢ is no description requiring the marking of Caution for ingestion on battery/cell with a
diamgter of 20 mm or more in the text. However, due to the consideration of measures to
prevent accidental ingestion, it was determined that the marking of Caution forlingestion|on a
battery/cell with a diameter of 20 mm or more is needed and its requirement s shown in Table 9.
Thergfore, a pictogram must be engraved as a substitute of Caution for ingestion due|to a
battefry/cell with a diameter of 20 mm or more having no space to display the marking.

The {ype of "caution for ingestion" that is required on the immediate packaging of swallowable
batteries is one of the safety signs as shown in Figure F.1. Where there is enough spage on
the packaging, additional information per Figure 9 (the safety label or only its text) cgn be
printeéd on the packaging or accompanying safety information about battery handling.

Tabl¢ 1 of this Interpretation Sheet summarizes the‘tequirements for marking of lithium button
cells

Table 1 — Marking requiremients for swallowable batteries

Diameter Requirement(s)

d <16 mm Cautionary advice in,the form of the words KEEP OUT OF REACH OF CHILDREN or|the
safety symbol E of\Fable D.1 on the immediate packaging.

16 mm <d <20 mm | Child resistanf packaging and cautionary advice in the form of the words KEEP OUT PF
REACH OF CHILDREN or the safety symbol E of Table D.1 on the immediate packading.

d =240 mm Child gesistant packaging, cautionary advice in the form of the words KEEP OUT OF REACH
OF _CHILDREN or the safety symbol E of Table D.1 on the immediate packaging, and the
safety symbol E of Table D.1 on the positive side of the battery.

NOTE If applicabley the cautionary advice in the form of words should appear in one or more langugages as
apprppriate for the mrarket on which the cells and batteries are placed.

QueTtion 2

From 9.2 and in particular 9.2 a), it is not clear which kind of batteries are intended for direct
sale in consumer-replaceable applications?

Answer 2

The kind of batteries that are included are those with general packaging such as blister packs
sold in stores and on the internet, batteries packed with equipment and batteries which are
contained in equipment and can be replaced by the consumer.

Question 3

Annex F is marked as "Informative", however "requirements" is stated in the title of Table 9.
When referring to Table 9, do we have to consider Annex F as "normative" ?
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Answer 3

Annex F contains supplementary material, the main text in the body of the standard takes
priority over it. Therefore, even if Annex F is informative, the content listed in Table 9 has to be

consi

dered as requirements.

Question 4

In E.3.2 b), it is difficult to understand the test method of the torsion test. It is not clear how to

twist "three times in both directions".

AnS\Ler 4

Following is an explanation how and how many times to twist the packaging and,in’which prder
to propceed.

(D) First time — Hold the packaging with the fingers of one hand on each of.it$ shorter sides|from
the state of 0 degrees (neutral state without torsion). Twist it diagonally ' with a torsion angle of
45° in opposite directions as shown in Figure E.2.

(2) Second time — Twist it diagonally 90° (45° back + 45° opposite direction) in opposite
direcfions to the direction twisted at the first time

(3 Third time — Return to neutral state without torsion/(45° back)

(@) Mpvements (1), (2) and (3) are counted as 1 time\(1 reciprocation) and are repeated 25 {imes
(25 reciprocations).

Figure 1 of this Interpretation Sheet shows\the movements of the torsion test. The red and blue

lines
to ke

ep track of the orientation during movements.

represent the left and right edge ofithe packaging. The triangles and circles were added
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Hold the packaging Perspective view
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Figure 1 — Torsion test
Question 5
From 9.2 b), Table 9, and Annex E, it is not clear what.the transition period is for the requirgment
of "Child resistant package" ?

Answer 5

The fransition period is the sa
the p

ublication date of the fifth edition 0f1EC 60086-4.

me as Marking and packaging requirements, namely 2 years|from
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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 standardization“\comprising
alll national electrotechnical committees (IEC National Committees). The object of IEC is/to prpomote
infernational co-operation on all questions concerning standardization in the electrical and ele€tronic fielfls. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specificqtions,
Tegchnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as| “IEC
Pyblication(s)”). Their preparation is entrusted to technical committees; any IEC National COmmittee intefested
in|the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparatien.)IEC collaborates dlosely
with the International Organization for Standardization (ISO) in accordance with’/conditions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
copsensus of opinion on the relevant subjects since each technical committee has representation frpm all
inferested IEC National Committees.

3) IEL Publications have the form of recommendations for internatiofal use and are accepted by IEC National
Cgmmittees in that sense. While all reasonable efforts are made to ensure that the technical content ¢f IEC
Pdblications is accurate, IEC cannot be held responsible forythe way in which they are used or fgr any
miginterpretation by any end user.

4) In]order to promote international uniformity, IEC National Committees undertake to apply IEC Publigations
trgnsparently to the maximum extent possible in théir“national and regional publications. Any divengence
beftween any IEC Publication and the corresponding @ational or regional publication shall be clearly indicqted in
the latter.

5) IEL itself does not provide any attestation of.conformity. Independent certification bodies provide confprmity
aspessment services and, in some areas, @ecess to IEC marks of conformity. IEC is not responsible fpr any
sefvices carried out by independent certification bodies.

6) Allusers should ensure that they have“the latest edition of this publication.

7) Ngq liability shall attach to IEC or.ifs,directors, employees, servants or agents including individual experfs and
mgmbers of its technical committees and IEC National Committees for any personal injury, property damage or
otlher damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feeg) and
expenses arising out of the ‘publication, use of, or reliance upon, this IEC Publication or any othgr IEC
Pdblications.

8) Atfention is drawn t¢ the' Normative references cited in this publication. Use of the referenced publicatipns is
indispensable for the correct application of this publication.

9) Atjention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights” NEC shall not be held responsible for identifying any or all such patent rights.

This|rédline version of the official IEC Standard allows the user to identify the chapges

mad O € SARY e ;;‘ . < e o g2 pPPed A € LRE® C‘ Rere < ol nge

has been mad

e. Additions are in green text, deletions are in strikethrough red text.
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International Standard IEC 60086-4 has been prepared by technical committee 35: Primary
cells and batteries.

This fifth edition cancels and replaces the fourth edition published in 2014. This edition
constitutes a technical revision.

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

a) Revised criteria for an explosion;

b) dition of test parameters for the overdischarge test of baftfery types FRT14505 and
FR10G445;

c) Addition of a new subclause 5.1 Validity of Testing;

d) rg¢vised pictogram E in Table D.1;

e) Addition of Annex E with requirements for child resistant packaging of coin‘cells;

f) ddition of Annex F with recommendations on the use of the KEER-OUT OF REACH OF
HILDREN safety sign.

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

FDIS Report on voting
35/1420/FDIS 35/1423/RVD

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

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

NOTE| The following print types are used:

— ingtructions/warnings for consumers: in“talic type.

A list of all parts in the IEG-60086 series, under the general title Primary batteries, cgn be
found on the IEC website.

The gommittee has_ decided that the contents of this publication will remain unchanged| until
the dtability date indicated on the IEC web site under "http://webstore.iec.ch" in the|data
relate¢d to the spegific publication. At this date, the publication will be
e rg¢confirmed,

e withdrawn,

dbv o raviead
Oy o TCvISCT

o rep
e amended.
The contents of the corrigendum of October 2019 and Interpretation sheet of May 2020

have been included in this copy. The contents of the corrigendum of April 2020 apply to the
French version only.

IMPORTANT - The 'colour inside’' logo on the cover page of this publication 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.

Con
distri
lithiu

indu
The

Howgver, from around the end of the 1980s, lithium batteries with high-power output start
idely used in the consumer replacement market, mainly as apower source in camera

be w
appli
incre
cons
were

Prim
safe
stang
docu
harm

relat¢d matters.

Guid
Anne
equif
lithiu

Safe

outp%t. There were also lithium batteries with high power output which were used for sp

pbution, use, and disposal of lithium batteries. Based on such special characteti
M batteries for consumer applications were initially small in size and had Aow’ p

trial and military applications and were characterized as being “technician\replacesd
irst edition of this document was drafted to accommodate this situation.

Cations. Since the demand for such lithium batteries with highypower output signifig
psed, various manufacturers started to produce these types of lithium batteries.
bquence of this situation, the safety aspects for lithium ®atteries with high power o
included in the second edition of this document.

bry lithium batteries both for consumer and industrial applications are well-establ

ards such as this document and, for transport, IEC 62281. The fourth edition o
ment therefore reflects only minor changes which became necessary in order to kg
onized with |IEC 62281 and to continuously improve the user information about s

blines addressing safety issues™during the design of lithium batteries are provid
X A. Annex B provides guidelines addressing safety issues during the desig
ment where lithium batteries  are installed. Both Annex A and B reflect experience
M batteries used in camera applications and are based on [23]1.

y is freedom fromwunacceptable risk. There can be no absolute safety: some ris

rem
by r

the igeal of absolute safety and the demands to be met by a product, process or service
factors such as<benefit to the user, suitability for purpose, cost effectiveness, and conven
of th¢ society-concerned.

As safety will pose different problems, it is impossible to provide a set of precise provi

in. Therefore a product, process or service can only be relatively safe. Safety is ach
ucing risk to a-tolerable level determined by the search for an optimal balance bet

ction,
stics,
ower
ecial
ble”.

ed to
antly

As a
utput

shed

and reliable products in the market, which is atdeast partly due to the existence of safety

this
ep it
afety

ed in
n of
with

will
eved
veen
and
tions

sions

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

safet

y.

1 Numbers in square brackets refer to the bibliography.
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Part 4: Safety of lithium batteries

1 Scope

This
their

NOTE
requir
and/o
made

purpo

2019

part of IEC 60086 specifies tests and requirements for primary lithium batteries to ensure

safe operation under intended use and reasonably foreseeable misuse.

Primary lithium batteries that are standardized in IEC 60086-2 are expected to meet allapp

es or needs.

2 Normative references

The

ollowing documents are referred to in the text in such a“way that some or all of

content constitutes requirements of this document. For dafed references, only the e

cited

any gmendments) applies.

IEC $0086-1:2044, Primary batteries — Part 1: General

IEC {

3 1

For t

ISO I

addr

NOTE|
conve

3.1

0086-2, Primary batteries — Part 2: Physieal and electrical specifications

‘erms and definitions

ne purposes of this document,\the following terms and definitions apply.

sses:
EC Electropedias‘available at http://www.electropedia.org/
O Online browsing platform: available at http://www.iso.org/obp

Certain(definitions taken from IEC 60050-482, IEC 60086-1, and ISO/IEC Guide 51 are repeated bel
hience:

icable

ements herein. It is understood that consideration of this part of IEC 60086 might also be given to meapuring
ensuring the safety of non-standardized primary lithium batteries. In either case, no claim or warrgnty is
that compliance or non-compliance with this standard will fulfil or not fulfil any of(the’ user’s particular

their
dition

applies. For undated references, the latest edition of the'referenced document (inclyiding

nd |IEC maintain terminplogical databases for use in standardization at the follqwing

bw for

batt

ry

one or more cells electrically connected and fitted in a case, with terminals, markings and
protective devices etc., as necessary for use

[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
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]
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3.3

coin <cell or battery>

lithium button <cell or battery>

small round cell or battery where the overall height is less than the diameter, containing non-
aqueous electrolyte.

Note 1 to entry: The nominal voltage of lithium batteries is typically greater than 2 V.

JOTE
aced

with & different note)]

34
component cell
cell dontained in a battery

3.5
cylir]jdrical <cell or battery>
round cell or battery in which the overall height is equal to or greater than the diameter

[SOURCE: IEC 60050-482:2004, 482-02-39, modified ("celhwith a cylindrical shape" replaced
by "rpund cell or battery")]

3.6
depth of discharge
DOD
percgntage of rated capacity discharged from'a battery

3.7
fully|discharged

state| of-charge-of a cell or battery-corresponding-te at 100 % depth of discharge
3.8

harm
physteal injury or damage to the health of people, or damage to property or the environmgnt

[SOURCE: ISOUEC Guide 51:4999 2014,3-3 3.1]

3.9
hazard
potential’source of harm

[SOURCE: ISO/IEC Guide 51:4999 2014,-3-5-modified{removalof NOTE} 3.2]

3.10
intended use

use in accordance with information provided with a product or system, or, in the absence of
such information, by generally understood patterns of usage

[SOURCE: ISO/IEC Guide 51:4999 2014,3-43 3.6]
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3.1
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

3.13
lithium cell

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

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

3.14
nominal voltage
suitaple approximate value of the voltage used to designate or identify'aycell, a battery pr an
electrochemical system

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

3.15
open circuit voltage

OCV| Ug, off-load voltage

voltape across the terminals of a cell or battery whenino external current is flowing

[SOURCE: IEC 60050-482:2004, 482-03-32, modified (alternative terms “OCV, Uy, offtload
voltape” added, “across the terminals” added; “when the discharge current is zero” replaced
with fwhen no external current is flowing”)j

3.16
prismatic <cell or battery>
qualifies a cell or a battery havihg the shape of a parallelepiped whose faces are rectanguilar

[SOYRCE: IEC 60050-482:2004, 482-02-38]

3.17
protéctive devices
devides such @s-fuses, diodes or other electric or electronic current limiters designgd to
interqupt the 'current flow, block the current flow in one direction or limit the current flow jn an
electricalccircuit

3.18
rated capacity

capacity value of a cell or battery determined under specified conditions and declared by the
manufacturer

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

3.19

reasonably foreseeable misuse

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

[SOURCE: ISO/IEC Guide 51:4999 2014,-3-44 3.7, modified (removal of NOTES)]


https://iecnorm.com/api/?name=d2deca3420166e3d0ba1228cbc041749

IEC 60086-4:2019 RLV © IEC 2019 -1 -

3.20

risk

combination of the probability of occurrence of harm and the severity of that harm
[SOURCE: ISO/IEC Guide 51:4999 2014,-3-2 3.9, modified (removal of NOTE)]
3.21

safety

freedom from-unaceeptable risk which is not tolerable

[SOURCEISOHEC Guide 544000 2044 2 1 2 14]

3.22

undischarged

state| of-charge-of a primary cell or battery-cerresponding-te at 0 % depth of discharge

4

4.1
Lith

Requirements for safety

Design

iUm batteries are categorized by their chemical composition-(anode, cathode, electro]yte),

intermal construction (bobbin, spiral) and are available ¢n™cylindrical, coin and prismatic
configurations. It is necessary to consider all relevant,safety aspects at the battery design
stagg, recognizing the fact that they can differ considerably, depending on the specific lithium

systgm, power capability and battery configuration.

a)

TheA]oIIowing design concepts for safety are common to all lithium batteries:

bnormal temperature rise above the critical value defined by the manufacturer shall be
prevented by design.

b) Temperature increases in the battery shall be controlled by a design which limits cdrrent

flow.

c) Lfthium cells and batteries_shall be designed to relieve excessive internal pressure |or to

See

4.2
The

pfteclude a violent rupture~under conditions of transport, intended use and reasonably
fqreseeable misuse.

Annex A for guidélines for the achievement of safety of lithium batteries.

Quality plan

manufacturer shall prepare and implement a quality plan defining the procedures fgr the

inspgction of materials, components, cells and batteries during the course of manufacture, to

be applied to the total process of producing a specific type

und

of battery. Manufacturers s

e G PFrOCEeSS—C aPoao atG OthG t

they relate to product safety.

5

5.1

Lith
rem

Type testing and sampling

Validity of Testing

ium cells or batteries shall be subjected to the tests, as required in this standard. Testing
ains valid until a design change or requirement revision has been made. Retesting is

required when:

a)

b)

a battery specification changes by more than 0,1 g or 20 % mass, whichever is greater,
for the cathode, anode or electrolyte;

a battery specification change would lead to a failure of any of the tests;
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c) there is an addition of new tests or requirements; or
d) there is a requirement change that would lead to a failure of any of the tests.
5.2 Test samples

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

Table 1 — Number of test samples

6 1

6.1
6.1.1

Tests Discharge state . Cells and . a Multi-cell batteries
single 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 N n/a
50 % predischarged 20 (see Note' 2) n/a
Test M
75 % predischarged 20 (sée)Note 3) n/a

single cell batteries containing one tested component cell do not require re-testing unless
the change could result in a failure of any of the\tests.

Key:

n/a: not applicable

NOTE 1

Four batteries connected in‘series with one of the four batteries reversed (5 sets).
NOTE 2 Four batteries connected in series, one of which is 50 % predischarged (5 sets).

NOTE 3 Four batteries connected in series, one of which is 75 % predischarged (5 sets).

General

Appli

[esting and requirements

Testapplication matrix

cability of test methods to test cells and 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 1 J K L M
s X X X X X x @ x@ X X X X x b x ¢
m X X X X X x @ xad | xd X X X n/a n/a
Test description: Key:
Intended use tests Reasonably foreseeable misuse tests | Form
A: Altitude E: External short-circuit s: cell or single cell battery
B: Thermal cycling F: Impact m: multi cell battery
C: Vibration G: Crush
D: SHock H: Forced discharge Applicability
I:  Abnormal charging X: applicable
J: Free fall n/a: not applicable
K: Thermal abuse
L: Incorrect installation
M: Overdischarge
a8 Orlly one test shall be applied, test F or test G.
b Orlly applicable to CR17345, CR15H270 and similar type batteries of a spiral}construction that colild be
indtalled incorrectly and charged.
¢ Orlly applicable to CR17345, CR15H270 and similar type batteries of a ‘§piral construction that copld be
overdischarged.
4 Tekt applies to the component cells.
6.1.2 Safety Cautionary notice
WARNING: These tests call for the use.'of procedures which can result in injury if
adequate precautions are not'taken.
It has been assumed in(the drafting of these tests that their executian is
undertaken by appropriately qualified and experienced technicians ujsing
adequate protection.
6.1.3 Ambient temperature
Unle$s otherwise specified, the tests shall be carried out at an ambient temperature of
20 °¢ + 5 °C.
6.1.4 Parameter measurement tolerances
The pverall accuracy of controlled or measured values, relative to the specified or dctual
para : ithi i :
a) 1% for voltage;
b) +1% for current;
c) +2°C for temperature;

d) £0,1% fortime;

e) 1%

f)

These tolerances comprise the combined accuracy of the

for dimensions;

+1% for capacity.

measuring

measurement techniques used, and all other sources of error in the test procedure.

instruments, the
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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

A shprt-circuit is considered to have occurred during a test if the open-circuit'voltage df the
cell gr battery immediately after the test is less than 90 % of its voltage priofte the test.| This
requirement is not applicable to test cells and batteries in fully discharged states.

6.2.2 Excessive temperature rise

An eikcessive temperature rise is considered to have occurred during a test if the external
case|temperature of the test cell or battery rises above 170 °Q,

6.2.3 Leakage
Leakpge is considered to have occurred during a t€st"if there is visible escape of electiolyte
or other material from the test cell or battery, orithe loss of material (except battery casing,

hand|ing devices or labels) from the test cell orbattery such that the mass loss exceedp the
limitg in Table 3.

In order to quantify mass loss Am / m, the,following equation is provided:

m, - m,

%100 %

Amlm =
1

wherg
m4 s the mass before.a test;
mo is the mass after that test.

Table 3 — Mass loss limits

Mass of cell or battery Mass loss limit
“ Anat
m<1g 0,5 %
1g<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 pressure relief feature designed for
this purpose. This gas may include entrapped materials.
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6.2.5 Fire

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

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 or spillage of liquids—er— but not forcible

ejection of solid materials-but-no-explosion.

An aknlosion-is considered to have occurred if durina g test solid matter from ap vari of 5
AR—EKPHOSIOR1S-CoRSIGere a0 Naveoecurie a1 —GuUHRgateSH—SoHeater oM aR)y=pa{o+=a
call ar hattarvy has nanetrated 3 wira mesh cserean as chaown in Eiauure 1 _centradrever t cell
cer—gofFoatterynasSpeRetatecawWiemesh-screenassnowhHihHgure - CcenRtre G gvelrthe-Ccen
or hdttarv on the steal nlate The screen - shall be made from annealed aluminitm wire with o
oD gtteryfohRmeSsSteerprate—neSsScreeniSsSian—oeMageHom anhea et Mre-WiHnh——a

0,3m

IEC

An ekplosion is censidered to have occurred if a cell container or battery case opens violently
and golid compenents are forcibly ejected.

Durirlg cellsor component cell testing, ejection of internal components is acceptable. Energy of
ejectpd/.components shall be limited. If required, it may be measured as follows:

a) It will not peneirate a wire mesh screen (annealed aluminium wire with a diameier of 0,25
mm and grid density of 6 to 7 wires per cm) placed 25 cm away from the cell; or

b) It can be measured by a method demonstrated to be equivalent to the one described in a).
6.3 Tests and requirements — Overview

This document provides safety tests for intended use (tests A to D) and reasonably
foreseeable misuse (tests E to M).

Table 4 contains an overview of the tests and requirements for intended use and reasonably
foreseeable misuse.
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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 misuse E External short-circuit NT, NR, NE, NF
tests F Impact NT, NE, NF
G | Crush NT, NE, NF
H Forced discharge NE, NF
| Abnormal charging NE, NF
J Free fall NV, NE, NF
K Thermal abuse NE, NF
L Incorrect installation NE, NF
M Overdischarge NE,\NF

T

o

ts A through E shall be conducted in sequence on the same cell or battery.

Tes$ts F and G are provided as alternatives. Only one of them shall beiconducted.

Kely
NC: No short-circuit

NE}[ No explosion

NF} No fire

NL| No leakage

NRE:  No rupture

NT} No excessive temperature rise

NV} No venting

Seg 6.2 for a detailed description‘ef the test criteria.

6.4 | Tests for intended use

6.4.1 Test A:Altitude
a) Hurpose
This teést simulates air transport under low pressure conditions.

b) Tlestyprocedure

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

c) 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.
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b)

a)

6.4.3 Test C: Vibration

a)

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 maximum time for
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.

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.

+f2°C

—40°C

A
y
A
y
A
y
A
y

EC

Key
t,| < 30 min

> 6 h (12 h for large cells and batteries)

NPTE The figure shows one of ten cycles

Figure 1— Thermal cycling procedure

Requirements

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

—h

Purpose

This test simulates vibration during transport. The test condition is based on the range of
vlbrations-as given by ICAO [2].

est procedure

T alls _anad ba e -7 ap= pe irm a ne _npla orm o ne ibhration '_;h|ne

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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Table 5 — Vibration profile (sinusoidal)

Frequency range Amplitudes Duration of logarithmic Axis Number
sweep cycle of

From To (7 Hz - 200 Hz - 7 Hz) cycles
Sy =7Hz S a =1g, X 12
Ja J3 s =0,8 mm Y 12

15 min

f3 f4 =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

1 4 lower and upper frequency

o /5 cross-over frequencies;

/5 =~ 17,62 Hz; and

/3 = 49,84 Hz, except for large batteries, where f; = 24,92 Hz

ag, a, acceleration amplitude; a, = 8 g ,except for large batteries, where.a, = 2 g

s displacement amplitude

NOTE| g, = 9,80665 m / s2

c) Requirements

There shall be no leakage, no venting, no_short-circuit, no rupture, no explosion arnd no
fife during this test.

6.4.4 Test D: Shock

a) Hurpose

This test simulates rough handling during transport.
est procedure

T
Test cells and batteries shall be secured to the testing machine by means of a rigid mpount
which will support allsmounting surfaces of each test cell or battery. Each test c¢ll or
battery shall be _subjected to 3 shocks in each direction of three mutually perpendicular
nmounting positions of the cell or battery for a total of 18 shocks. For each shock|, the
phprameters given in Table 6 shall be applied.

Table 6 — Shock parameters

Peak Pulse Number of shocks
Waveform . L N
acceleration | duration per _half 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, =9,80665m /s?
For lithium primary batteries with a mass in excess of 12 kg, the test method of test T-4 in
IEC 62281 [12] may be used.
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.


https://iecnorm.com/api/?name=d2deca3420166e3d0ba1228cbc041749

IEC 60086-4:2019 RLV © IEC 2019 -19 -

6.5

6.5
a)

b)

6.5

a)

b)

Tests for reasonably foreseeable misuse

.1 Test E: External short-circuit

Purpose
This test simulates conditions resulting in an external short-circuit.
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.

Fpr lithium primary batteries with a mass in excess of 12 kg, the test method of test\[-5 in

IEC 62281 [12] may be used.

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

The test shall be conducted using the test samples previously subjected to\the shock
equirements

There shall be no excessive temperature rise, no rupture, no explésjion and no fire d
this test and within the 6 h of observation.

.2 Test F: Impact

Purpose

This test simulates mechanical abuse from an impact‘that can result in an internal
circuit.

st procedure

rl diameter.

[

(type 316 or equivalent) with a diameter of 15,8 mm + 0,1 mm and a length of at
D mm or of the longest dimension of the cell, whichever is greater, is placed acros
bntre of the test sample. Almass of 9,1 kg £ 0,1 kg is dropped from a heig
5ing a near frictionless~vertical sliding track or channel with minimal drag on the f

D degrees from the horizontal supporting surface.

the test sample (see Figure 2).

T
The impact test is applicable to cylindrical cells-greaterthan20-mm not less than 1§ mm
T

6
c
6
u
nmass. The vertical track“or channel used to guide the falling mass shall be orignted
9
T
p

est.

uring

short

he test cell or component cell is placed on a flat smooth surface. A stainless stegl bar

least
5 the
ht of

I cm + 2,5 cm at the intersection of the bar and the test sample in a controlled manner

blling

he test sample is.to be impacted with its longitudinal axis parallel to the flat surface and
erpendicular go~the longitudinal axis of the stainless steel bar lying across the cenfre of
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NPTE The figure shows a flat smooth surface (1) and a stainless steel bar (2) which_is placed acrops the
centre of the test sample (3). A mass (4) is dropped at the intersection in a controlled manner using a vertical
sljding channel (5).
Figure 2 — Example of a test set-up for the impact(test
Ejach 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 peen
previously subjected to other tests.
¢) Requirements
There shall be no excessive temperature rise,~noe explosion and no fire during this tesf and
wlithin the 6 h of observation.
6.5.3 Test G: Crush
a) Purpose
This test simulates mechanical~abuse from a crush that can result in an internal short
circuit.
b) Test procedure
The crush test is applicable to prismatic, flexible2, coin cells and cylindrical cells-retjmere
tHar-20-mm less thap\18 mm in diameter.
Al cell or component'cell is to be crushed between two flat surfaces. The crushing is fo be
gfadual with atspeed of approximately 1,5 cm / s at the first point of contact. The crushing
i to be continued until one of the three conditions below is reached:
1) The applied force reaches 13 kN + 0,78 kN;
EXAMPLE: The force can be applied by a hydraulic ram with a 32 mm diameter piston until a pressure of
17 MPa is reached on the hydraulic ram.
2) The voltage of the cell drops by at least T00 mV; or

3) The cell is deformed by 50 % or more of its original thickness.

As soon as one of the above conditions has been obtained, the pressure shall be released.

A prismatic or flexible cell shall be crushed by applying the force to the side with the
largest surface area. A coin cell shall be crushed by applying the force on its flat surfaces.
For cylindrical cells, the crush force shall be applied perpendicular to the longitudinal axis.

S

ee Figure 3.

2 The term “flexible cell” is used in this document in place of the term “pouch cell” which is used in [22]. It is also
used in place of the terms “cell with a laminate film case” and “laminate film cell”.
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c)

6.
)

W)

b)

c)

6.5.5. ~"Test |: Abnormal charging

a)

b)

a) rPrismraticor flexittecett by—Coimcett )y —Cytimdricatctet ]

W
5.4 Test H: Forced discharge

DTE The figures show two flat surfaces (1 and 2) with batteries (3) of different shapes placed betweer
r crushing, using a piston (4).

o Z

Figure 3 — Examples of a test set-up for the crush test

m

ach test cell or component cell is to be subjected to one crush 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 previ
been subjected to other tests.

equirements

R
There shall be no excessive temperature rise, no explasion and no fire during this tes
ithin the 6 h of observation.

urpose
his test evaluates the ability of a cell to withstand a forced discharge condition.
est procedure

P

T

T

Ejach cell shall be force discharged at ambient temperature by connecting it in series
al12 V direct current power supply at an initial current equal to the maximum contin
d|scharge current specified by the manufacturer.

T

s

S

t

he specified discharge current is obtained by connecting a resistive load of approg
nall be force discharged for a time interval equal to its rated capacity divided by the
gst current.

his test shall_be/conducted with fully discharged test cells or component cells that
bt previously-been subjected to other tests.

T
n
Requirements
T

hereshall be no explosion and no fire during this test and within 7 days after the tesf.

IEC

them

busly

t and

with
uous

riate

ze and rating in seriesswith the test cell and the direct current power supply. Each cell

nitial

have

Purpose

This test simulates the condition when a battery is fitted within a device and is expos
a reverse-voltage (charging) current from an external power supply, for example me

ed to
mory

back-up equipment with a defective diode (see 7.1.2). The test condition is based upon UL

1642 [20].
Test procedure

Each test battery shall be subjected to a charging current of three times the abnormal
charging current I, specified by the battery manufacturer by connecting it in opposition to
a d.c. power supply. Unless the power supply allows for setting the current, the specified
charging current shall be obtained by connecting a resistor of the appropriate size and

rating in series with the battery.
The test duration shall be calculated using the formula:
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6.5.6 Test J: Free fall

a)

b)

c)

6.5.7 Test K: Thermal abuse

a)

b)

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

where

is the test duration. In order to expedite the test, it is permitted to adjust the test

ly
parameters such that 7y does not exceed 7 days;
C

1

C

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

n

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

Purpose

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

Tlest procedure
The test batteries shall be dropped from a height of 1 m onto a @oncrete surface. Each
tgst battery shall be dropped six times, a prismatic battery once-from each of its six faces,

round battery twice in each of the three axes shown in Figuré)4. The test batteries|shall
b stored for 1 h afterwards.

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

O Q

Figure 4 — Axes for free fall

Requirements

There shall be no,venting, no explosion and no fire during this test and within the 1 h of
opservation.

Rurpose

ThistAest simulates the condition when a battery is exposed to an extremely |high
temperature.

Test procedure

A test battery shall be placed in an oven and the temperature raised at a rate of 5 °C/min
to a temperature of 130 °C at which the battery shall remain for 10 min.

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

6.5.8 Test L: Incorrect installation

a) Purpose

This test simulates the condition when one single cell battery in a set is reversed.
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b) Test procedure

A test battery is connected in series with three undischarged additional single cell
batteries of the same brand and type in such a way that the terminals of the test battery
are connected in reverse. The resistance of the interconnecting circuit shall be no greater
than 0,1 Q. The circuit shall be completed for 24 h or until the battery case temperature
has returned to ambient (see Figure 5).

o [ER] Fr LR
j o
B, B,..B,
IEC
Key
B, Test cell
B,...B Additional cells, undischarged
Figure 5 — Circuit diagram for incorrect installation
c) HRequirements

6.5.

b)

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

9 Test M: Overdischarge
Purpose

This test simulates the condition when ong discharged single cell battery is connect
bries with other undischarged single celihbatteries. The test further simulates the u

DTE CR17345 and CR15H270 batteries, are widely used in motor powered appliances where current
A are required. The current for non standardized batteries-may might be different.

ach test battery shall (bepredischarged to 50 % depth of discharge. It shall the
bnnected in series with three undischarged additional single cell batteries of the

type.
resistive load R4-is connected in series with the assembly of batteries in Figure 6 W
L is taken from Table 7.

A
R
The test shall'be continued for 24 h or until the battery case temperature has return
a
T

N

1

Tlest procedure
E

c

mbient:
he test'shall be repeated with 75 % predischarged test batteries.

S
bhatteries in motor powered appliances . where, in general, currents over 1 A are required.

ed in
se of

B over

n be
bame

here

ed to
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Table 7 — Resistive load for overdischarge

Battery type Resistive load R,
Q
CR17345 8,20
CR15H270 8,20
FR14505 3,60
FR10G445 3,60

NOTE Table to be modified or expanded when additional batteries of a
spiral construction are standardized.

EXAMPLE When CR17345 and CR15H270 batteries were standardized,
R, was determined from the end-voltage of the assembly in Figure 6, using
the formula

R=4x20V/1A
where

2,0V is the end-voltage taken from the specification tables in
IEC 60086-2; and 1 A is the test current.

R was then found by rounding R to the nearest value‘in Table 4 of

IEC 60086-1:2044 2015.

1

— |+ RS S
1 il qF |
| I
B, B,..B,
1
R

1 IEC

Test battery, 50 % predischarged and, in separate tests, 75 % predischarged.

4 Additional batteriesy\undischarged

Resistive load

Figure 6 — Circuit diagram for overdischarge

equirements
here-shall be no explosion and no fire during this test.
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6.6 Information to be given in the relevant specification

When this document is referred to in a relevant specification, the parameters given in Table 8

shall be given in so far as they are applicable:

Table 8 — Parameters to be specified

Item Parameters Subclause
a) Predischarge current or resistive load and end-point voltage specified by the manufacturer 6.1.5
b) Method to measure the energy of an explosion, if any. 6.2.7
c) Shape: prismatic, flexible, coin or cylindrical; 6.5.2]and 6.5.3
Diameter:-not-more-than20-mm-or-greaterthan-20-mm less than 18 mm or not less than
18 mm.
d) Maximum continuous discharge current specified by the manufacturer for test H 6.5.4
NOTE Forced discharge of a cell can occur when it is connected in series with other cells
and when it is not protected with a bypass diode.
e) Rated capacity specified by the manufacturer for test H 6.5.4
f) Abnormal charging current declared by the manufacturer for test | 6.5.5
NOTE Abnormal charging of a cell can occur when it is connected in.series with other cells
and one cell is reversed or when it is connected in parallel with a\power supply and the
protective devices do not operate correctly.
g) Normal reverse current declared by the manufacturer which ¢an be applied to the battery 7.1.2

during its operating life

NOTE Normal reverse current flow through a cell can occur when it is connected in parallel
with a power supply and the protective devices are opérating properly.

6.7 | Evaluation and report
When a report is issued, the followingfist of items should be considered:

name and address of the-test facility;
K name and address of{applicant (where appropriate);
a unique test report identification;
the date of theltest report;
design characteristics of the test cells or batteries according to 4.1;
test deseriptions and results, including the parameters according to 6.6;

Q -+ o0 o O T o

type-of the test sample(s): cell, component cell, battery or battery assembly;
h) weight of the test sample(s);

i) —fthiomrcomtentof the sampte(s);

j) a signature with name and status of the signatory.

It is not necessary to issue a new report unless new type testing is required, see 5.1.

7 Information for safety

7.1  Safety precautions during design of equipment
711 General

See also Annex B for guidelines for designers of equipment using lithium batteries.
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7.1.2 Charge protection

When incorporating a primary lithium battery into a circuit powered by an independent main
power source, protective devices shall be used in order to prevent charging the primary
battery from the main power source, for example

a) a blocking diode and a current limiting resistor (see Figure 7a);

b) two series blocking diodes (see Figure 7b);

c) circuits with a similar blocking function based on two or more independent protective
devices;

lithium battery to the normal reverse current specified by the manufacturer which can be
applipd to the battery during its operating life, while the second protective device is\capable of
limiting the charging current to the abnormal charging current specified by the battery
manyfacturer and used for conduction of test |, Abnormal charging. The circuit shall Qe so
designed that at least one of these protective devices remains operationalr when any one
component of the circuit fails.

provided that the first protective device is capable of limiting the charging current throug{ the

>t RAM = RAM
N
N
+ +
T IEC IEC
a) Diode and resistor b) Two diodes

Figure 7 — Examples ofssafety wiring for charge protection

7.1.3 Parallel connection

Parallel connection should bé.avoided when designing battery compartments. However, if
required, the battery manufacturer shall be contacted for advice.

7.2 | Safety Precautions during handling of batteries
When used correetly, lithium batteries provide a safe and dependable source of power.
Howegver, if théyare misused or abused, leakage, venting or in extreme cases, explpsion
and/¢r fire can)result.

a) HKeep'batteries out of the reach of children

In particular, keep batteries which are considered swallowable out of the reach of children,
particularly those batteries fitting within the limits of the ingestion gauge as defined in
Figure 8. In case of ingestion of a cell or battery, seek medical assistance promptly.
Swallowing-ithism coin cells or batteries can cause chemical burns, perforation of soft tissue,
and in severe cases can cause death. They—must need to be removed immediately if
swallowed. See Figure 9 for an example of appropriate warning text.

Warning text similar to Figure 9 may be used for safety information about battery handling.
For cautionary advice and symbols to be printed on batteries and battery packagings refer to
Clause 9.

NOTE 1 Referto E.1 in Annex E for more details.

NOTE 2 Refer to [14] for general information on hazards from batteries.
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Dimensions in millimetres

< > IEC

[SOURGE-Y¥SO 8124-{1 [19]]

Figure 8 — Ingestion gauge

A e e S

WARNING medical attention immbdiately.

/A WARNING

KEEP OUT OF REACH OF CHILDREN

Swallowing can-lead to chemical
burns, perforation of soft tissue, and
death. Severe burns can occur within
2 hours of ingestion. Seek medical
attentionnimmediately.

IEC

NOTE| This product safetylabel is compliant with [17].

kigure 9 — Example for warning against swallowing, particularly-lithium coin celfl
batteries
b) Do not allow children to replace batteries without adult supervision

c) Always insert batteries correctly with regard to polarity (+ and —) marked on the battery
arrdtheequipmernt

When batteries are inserted in reverse they might be short-circuited or charged. This can
cause overheating, leakage, venting, rupture, explosion, fire and personal injury.

d) Do not short-circuit batteries

When the positive (+) and negative (-) terminals of a battery are in electrical contact with
each other, the battery becomes short-circuited. For example loose batteries in a pocket with
keys or coins, can be short-circuited. This can result in venting, leakage, explosion, fire and
personal injury.

e) Do not charge batteries

Attempting to charge a non-rechargeable (primary) battery can cause internal gas and/or heat
generation resulting in leakage, venting, explosion, fire and personal injury.
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f) Do not force discharge batteries

When batteries are force discharged by means of an external power source, the voltage of the
battery will be forced below its design capability and gases will be generated inside the
battery. This can result in leakage, venting, explosion, fire and personal injury.

g) Do not mix new and used batteries or batteries of different types or brands

When replacing batteries, replace all of them at the same time with new batteries of the same
brand and type. When batteries of different brand or type are used together or new and used
batteries are used together, some batteries might be over-discharged / force discharged due
to a difference of voltage or capacity. This can result in leakage, venting, explosion or fire,
and ¢an cause personal injury.

h) Hxhausted batteries should be immediately removed from equipment arid—properly
disposed of

Whenp discharged batteries are kept in the equipment for a long time, electrolyte leakage can
occuf causing damage to the equipment and/or personal injury.

i) Do not heat batteries

When a battery is exposed to heat, leakage, venting, explosion OF fire can occur and gause
persgnal injury.

j) Do not weld or solder directly to batteries

The lheat from welding or soldering directly to a battefy can cause leakage, venting, explpsion
or fire, and can cause personal injury.

k) Do not dismantle batteries

When a battery is dismantled or taken apart;-contact with the components can be harmfu] and
can gause personal injury or fire.

/) Do not deform batteries

Battdries should not be crushed, punctured, or otherwise mutilated. Such abuse can dause
leakdge, venting, explosion or,fire, and can cause personal injury.

m) Do not dispose of batteries in fire

When batteries areldisposed of in fire, the heat build-up can cause explosion and/or firg and
personal injury.Do’ not incinerate batteries except for approved disposal in a controlled
incingrator.

n) A lithidnrbattery with a damaged container should not be exposed to water

Lithigm. metal in contact with water can produce hydrogen gas, fire, explosion and/or gause
personal injury.

o) Do not encapsulate and/or modify batteries

Encapsulation or any other modification to a battery can result in blockage of the-safetyvent
pressure relief mechanism(s) and subsequent explosion and personal injury. Advice from the
battery manufacturer should be sought if it is considered necessary to make any modification.

p) Store unused batteries in their original packaging away from metal objects. If already
unpacked, do not mix or jumble batteries

Unpacked batteries could get jumbled or get mixed with metal objects such as keys, coins,
etc. This can cause battery short-circuiting which can result in leakage, venting, explosion or
fire, and personal injury. One of the best ways to prevent this from happening is to store
unused batteries in their original packaging.
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q) Remove batteries from equipment if it is not to be used for an extended period of time
unless it is for emergency purposes

It is advantageous to remove batteries immediately from equipment which has ceased to
function satisfactorily, or when a long period of disuse is anticipated (e.g. camcorders, digital
cameras, photoflash, etc.). Although most lithium batteries on the market today are highly
leak resistant, a battery that has been partially or completely exhausted might be more prone
to leak than one that is unused.

7.3 Packaging

The la\;:\uailly oha” bU GdU\{UGtU tU GVU;d IIIUUhaII;UGI daf‘l"laac dul;llu tIGIIOPUIt, halld::ll& and
stacing. The materials and packaging design shall be chosen so as to preven{ the
deve|lopment of unintentional electrical contact, short-circuit, shifting and corrosion” of the
terminals, and afford some protection from the environment.

7.4 | Handling of battery cartons

Battdry cartons should be handled with care. Rough handling might result in batteries being
shorttcircuited or damaged. This can cause leakage, explosion, or fire:

7.5 | Transport

7.5.1 General

RegJlations concerning international transport\of lithium batteries are based on the UN
Recdmmendations on the Transport of Dangetous Goods [21].

Regylations for transport are subject. 1o, change. For the transport of lithium batteries, the
latest editions of the following regulatiens should be consulted.

Testihg requirements are defined'in the UN Manual of Tests & Criteria [22]. As regulationpg are
subjgct to change, the latesteditions should be consulted.

For reference, transportfation tests are also given in IEC 62281 [12].

7.5.2 Air transport

RegJlations (Concerning air transport of lithium batteries are specified in the TecHhnical
Instriictions-for the Safe Transport of Dangerous Goods by Air published by the Internafional
Civil |[Aviation Organization (ICAQO) [2] and in the Dangerous Goods Regulations published by
the Intermational Air Transport Association (IATA) [1].

7.5.3 Sea transport

Regulations concerning sea transport of lithium batteries are specified in the International
Maritime Dangerous Goods (IMDG) Code published by the International Maritime
Organization (IMO) [13].

7.5.4 Land transport

Regulations concerning road and railroad transport are specified on a national or multilateral
basis. While an increasing number of regulators adopt the UN Model Regulations [21], it is
recommended that country-specific transport regulations be consulted before shipping.
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7.6 Display and storage
a) Store batteries in well ventilated, dry and cool conditions

High temperature or high humidity can cause deterioration of the battery performance and/or
surface corrosion.

b) Do not stack battery cartons on top of each other exceeding a specified height

If too many battery cartons are stacked, batteries in the lowest cartons might be deformed
and electrolyte leakage can occur.

C) void-storing-or-displaving-batteries—in-direct-sun—or-in-places—-where-they-get-exposed to
7 J ad J J Lad J I ad

rain

When batteries get wet, their insulation resistance might be impaired and self-dis¢chargg and
corrgsion can occur. Heat can cause deterioration.

d) Store and display batteries in their original packing

When batteries are unpacked and mixed they can be short-circuited orcdamaged.
See Annex C for additional details.

7.7 | Disposal

Battdries may be disposed of via communal refuse arfangements provided no local rules to
the cpntrary exist.

Durirlg transport, storage and handling for disposal, the following-safety precautions should
be cgnsidered:

a) Do not dismantle batteries

Somge ingredients of lithium batteries might be flammable or harmful. They can cause injdries,
fire, fupture or explosion.

b) Do not dispose of batteries’in fire except under conditions of approved and contnolled
incineration

-~

Lithium burns violently.~Lithium batteries can explode in a fire. Combustion products [from
lithium batteries can"be’toxic and corrosive.

c) Store collected batteries in a clean and dry environment out of direct sunlight and pway
from extreme heat

gas. [Fhis’can result in fire, rupture or explosion.

Dirt and wetness might cause short-circuits and heat. Heat might cause leakage of flamnlnable

d) Store collected batteries in a well-ventilated area

Used batteries might contain a residual charge. If they are short-circuited, abnormally charged
or force discharged, leakage of flammable gas might be caused. This can result in fire,
rupture or explosion.

e) Do not mix collected batteries with other materials

Used batteries might contain residual charge. If they are short-circuited, abnormally charged
or force discharged, the generated heat can ignite flammable wastes such as oily rags, paper
or wood and cause a fire.

f)  Protect battery terminals
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Protection of terminals should be considered by providing insulation, particularly for those
batteries with a high voltage. Unprotected terminals might cause short-circuits, abnormal
charging and forced discharge. This can result in leakage, fire, rupture or explosion.

8 Instructions for use

a) Always select the correct size and type of battery most suitable for the intended use.
Information provided with the equipment to assist correct battery selection should be
retained for reference.

b) Replace all batteries of a set at the same time.

c) (lean the battery contacts and also those of the equipment prior to battery installation.
d) Hnsure that the batteries are installed correctly with regard to polarity (+ and —).
e) Remove exhausted batteries promptly.

9 Marking and packaging

9.1 General

With [the exception of-small swallowable batteries (see 9.2), each battery shall be marked with
the following information:
a) designation, IEC or common;

b) expiration of a recommended usage period or yeatriand month or week of manufagture.
he year and month or week of manufacture may)be in code;

c) pplarity of the positive (+) terminal;

d) npminal voltage;

e) npme or trade mark of the manufacturer or supplier;
f) cputionary advice.

See Table 9 under “General” for a*symmary of the marking requirements.

9.2 | Small Swallowable batteries

For qwallowable batteriesi.e. those that fit entirely within the Ingestion Gauge (Figure §) the
designation 9.1 a) afd) the polarity 9.1 c) shall be marked on the battery, while all pther
markjngs shown in 9.1 may be given on the immediate package. However, when batteries are
intended for direct\sale in consumer-replaceable applications, caution for ingestion-9-4g}[shall
also pe marked<on the immediate package:

a) cputionfor ingestion of swallowable batteries, see also 7.2 a) and Annex F.

Swallowable batteries that are intended for direct sale in consumer-replaceable applications
and have a diameter of 16 mm or more shall be packaged in:

b) child resistant packaging.

See Table 9 under “Swallowable” for a summary of the marking and packaging requirements.

9.3 Safety pictograms

Safety pictograms that could be considered for use as an alternative to written cautionary
advice are provided in Annex D.
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Table 9 — Marking and packaging requirements

List item General Swallowable
d<16 mm 16 mm <d <20 mm d=20 mm
a) Designation, IEC or common B B B B
b) Expiration of a recommended usage
period or year and month or week of B
manufacture. The year and month or
week of manufacture may be in code
c) Polarity of the positive (+) terminal B B B B
d) Ndminal voltage B
e) Ngme or trade mark of the manufacturer B
or[supplier
f) C4qutionary advice B
g) C4qution for ingestion of swallowable p1) p1) 80 4 pn»
bafteries, see also 7.2 a) and Annex F
h) CHild resistant packaging n/a n/a R H
") Thle transition period for this requirement is 2 years from the publication date of\the fifth edition of this part of
IEf 60086.
Key:
d: Diameter
B: Marking required on cell / battery
P: Marking required on immediate packaging
R: Child resistant packaging
n/a: Not applicable

empty|

Marking may appear on (cell / battery and/omimmediate packaging
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Annex A
(informative)

Guidelines for the achievement of safety of lithium batteries

The guidelines given in-Figure Table A.1 were followed during the development of high power
batteries for consumer use. They are given here for information.

Figure Table A.1 — Battery design guidelines

[]

quality

Reject defects by the inspection

CAANIFLE
Design Prevent abnormal temperature rise of High current drain can result in.a fapid
the battery by incorporating a current temperature increase in the.lithium
limitation battery. The designer shotld-make
sure that the current drain, is
controlled by design-One method|that
has been used successfully is the
incorporation ofja‘resettable PTC
which activates rapidly when the
battery is exposed to a current drgin
exceedingnits’' design criteria.

Provide intrinsic current limitation In theidesign of the battery, the
designer should make sure that th
current flow is limited if the batter
temperature rises above its desig
criteria. One method that has beep
used successfully is to incorporat¢ a
separator system whose ability to
pass current is significantly reduced
with excess temperature.

Prevent explosion of the battery'by a Lithium batteries are tightly sealed to
means to release internakpressure prevent leakage. Therefore, the
e.g. when temperature rises design of the battery should prOVi le a
excessively. method to release excessive interpal
pressure. This should occur at a
temperature range consistent with| the
battery’s design criteria
Pilot Confirm thatyactual batteries can be Establish necessary-safety
production produced‘according to design quality precautions
Mass Mass production of batteries Request equipment manufacturers to
production according to design quality carefully observe the-safety
precautions
Reject defects in the production Make this information available to end
process users
Inspection Confirm that batteries meet design
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(informative)
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Guidelines for designers of equipment using lithium batteries

2019

Table B.1 represents a typical, but non-exhaustive, list of good advice to be provided by the

manyfactarer—of Pt Hrat Y Hthitm—eeHs—and—atteries—to cqu;plllcl t—rartfactarers—and—P ttery
assemblers (see also IEC 60086-5:2016 [8], Annex B, for guidelines for the design of<battery
compartments).
Table B.1 — Equipment design guidelines (7 of 2)
Item Sub-item Recommendations Possible consgquences if the
recommendations’are not observed
(1) When a (1.1) Select most suitable battery for | Battery might ovérheat
lithium battery | Selection of a | the equipment, taking note of its
is used as suitable electrical characteristics
main|power battery
sourde
(1.2) Number |a) Multicell batteries (2CR5, If the edpacity of batteries in series
of batteries CR-P2, 2CR13252 and conneection is different, the battery with the
(series others); one piece only lower capacity will be overdischarged. Tfis
connection or . - can result in electrolyte leakage,
parallel@ b) Cylindrical batteries overheating, rupture, explosion or fire
connection) to (CR17345 and others); less
be used and than three pieces
method of use c) Coin type batteries
(CR2016, CR2025;
CR11108 andyothers); less
than three pieces
d) When nmere than one battery
is used;-different types
sheuld not be used in the
same battery compartment
e)\\When batteries are used in | If the voltages of batteries in parallel
parallel® protection against | connection are different, the battery with the
charging should be provided | lower voltage will become charged. Thig can
result in electrolyte leakage, overheating,
rupture, explosion or fire
(1.3). Design a) Battery circuit shalt should Battery might be charged. This can result in
of ‘baftery be isolated from any other electrolyte leakage, overheating, rupturg,
cireuit power source explosion or fire
b) Protective devices such as | Short-circuiting a battery can result in
fuses shall should be electrolyte leakage, overheating, rupturg,
incorporated in the circuit explosion or fire
(2) Wtrermr=a {2t Design Tebattery shoutdbe used T a [ Battery might be over-aischrargedto Teverse
lithium battery | of battery separate circuit so that it is not polarity or charged. This can result in
is used as circuit force discharged or charged by | electrolyte leakage, overheating, rupture,
back-up power the main power source explosion or fire
source (2.2) Design When a battery is connected to Battery might be charged. This can result in
of battery the circuit of a main power electrolyte leakage, overheating, rupture,
circuit for source with the possibility of explosion or fire
memory back- | being charged, a protective
up application | circuit-must-be-provided is
necessary with a combination of
diode and resistor. The
accumulated amount of the
leakage current of the diode
should be below 2 % of the
battery capacity during expected
life time
a8 See 7.1.3
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Possible consequences if the

Item Sub-item Recommendations X
recommendations are not observed
(3) Battery holder and battery a) Battery compartments Unless protection is provided against battery
compartment should be designed so that |reversal, damage to equipment can occur
if a battery is reversed, from resultant electrolyte leakage,
open circuit is achieved. overheating, rupture, explosion or fire
Battery compartments
should be clearly and
permanently marked to
show the correct orientation
of batteries
b) Battery compartments Equipment might be damaged or might not
shaould bha Aneignnrl sothat npnral‘n
batteries other than the
specified size cannot be
inserted and make contact
c) Battery compartments Battery compartments mightybe_damage(d
should be designed to allow | when internal pressure of the battery
generated gases to escape |becomes too high due to gas generatior]
d) Battery compartments
should be designed to be
water proof
e) Battery compartments
should be designed to be
explosion proof when tightly
sealed
f)  Battery compartments Battery might be deformed and leak
should be isolated from heat |¢electrolyte due to excessive heat
generated by the equipment
g) Battery compartments Children might remove batteries from the
should be designedisorthat | compartment and swallow them
they cannot easily;be
opened by children
(4) CGontacts and terminals a) Material and-shape of Heat might generate at the contact due fo
contacts_and terminals insufficient connection
should-be' selected so that
effective electric contact is
maintained
b). s Auxiliary circuit should be Equipment might be damaged or might not
designed to prevent reverse | operate
installation of batteries
c) Contact and terminal should | Equipment might be damaged. Battery might
be designed to prevent cause electrolyte leakage, overheating,
reverse installation of rupture, explosion or fire
batteries
d) Direct soldering or welding Battery might leak, overheat, rupture,

to a battery should be
avoided

explode or catch fire

(5) Indieation

(5.1) On the

Orientation of batteries (polarity)

When a battery is inserted reverse and

of ne"n.ccnr\ll
precautions

equipment
e

should be r‘lonrly indicated at

the battery compartment

charged it can result in electrolvte legk
~ 7 7

overheating, rupture, explosion or fire

ge,

(5.2) In the
instruction
manual

Precautions for the proper
handling of batteries should be
indicated

Batteries might be mishandled and cause
accidents
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Annex C
(informative)

Additional information on display and storage

2019

This annex provides additional details concerning display and storage of lithium batteries to
those already given in 7.6.

The storage area should be clean, cool, dry, ventilated and weatherproof.

For n
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pack
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Altho
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Battsg
temp

Batts
many

The
pack

3 m for wooden cases.
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ries which have been cold-stored may be put into use after return to am
erature.

ries may be stored fitted in equipment or paekages, if determined suitable by the b4
facturer.

height to which batteries may be stacked is clearly dependent on the strength o
hging. As a general rule, this height’should not exceed 1,5 m for cardboard packag

ever
) for
and
lirect

ed at
d be

sed in special protective packing (such as sealed plastic bags. or variants) which should

hg to

bient

ttery

f the
Bs or

The @above recommendations are‘equally valid for storage conditions during prolonged transit.

Thus|
unve

Battg
centn
stora

batteries should be Stered away from ship engines and not left for long perio
ntilated metal box cars (containers) during summer.

ries-shall shoutd be dispatched promptly after manufacture and in rotation to distrib
es and on tonthe users. In order that stock rotation (first in, first out) can be pract
ge areas and displays should be properly designed and packs adequately marked.

ds in

ution
ised,
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Annex D
(informative)

Safety pictograms

D.1 General

Cautionary advice to fulfil the marking requirements in this standard has, on a historical basis,
been in the form of written text. In recent years, there has been a growing trend toward the

ion.

roororotoaToTt

use C'F nictoarame-as a3 comnplamantarvy or altarnativa maane of nraoduct cafatvy caommiinica
Hpietogas—aS—a-cohpremeRtay—or—arteHiath-8—-eahs—o+Pp Yo RHHHGS

The ¢bjectives of this annex are: (1) to establish uniform pictogram recommendatians th3
tied to long-used and specific written text, (2) to minimize the proliferation of safety picto
designs, and (3) to lay the foundation for the use of safety pictograms instead_ of written

to communicate product safety and cautionary statements.

NOTE| The design of these safety pictograms basically follows the design principlesdgid)down in [16] and

was, However, adjusted to the limitations existing for battery marking.

D.2 | Pictograms

The pictogram recommendations and cautionary advice are~given in Table D.1.

Table D.1 — Safety pictograms (71 of 2)

t are
gram
text

18]. It

Refergnce Safety pictogram Cautionary advice
A DONOT CHARGE
3
O
\%\
B \\ DO NOT DEFORM OR DAMAGE

DO NOT DISPOSE OF IN FIRE

DO NOT INSERT INCORRECTLY

NOTE The grey shading highlights a white margin appearing when the pictogram is printed on coloured or black

background.
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Table D.1 (2 of 2)

Reference Safety pictogram

Cautionary advice

E

KEEP OUT OF REACH OF
CHILDREN

NOTE 1 See 7.2a) for critical safety

information

NOTE 2 This pictogram has been

submitted to ISO TC 145 for
standardisation in [18]

NOTE 2 o ! A [
oo o eSO e

A DO NOT MIXDIFFERENT TYPES OR
BRANDS

G DO NOT MIX NEW AND USED

H DO NOT OPEN OR DISMANTLH

DO NOT SHORT CIRCUIT

INSERT CORRECTLY

NOTE The grey shading highlights a white margin appearing when the safety pictogram is printed on coloured or

black background.

D.3 Instruction for use

The following instructions are provided for use of the safety pictograms.

a) Safety pictograms-shal should be clearly legible.

b) Whilst colours are permitted, they-shall should not detract from the information displayed.
If colours are used, the circle and diagonal bar of pictograms A to D and F to | should be
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red and the background of pictograms E and J should be blue-and-thecircle-and-diagonal
barof the other pictograms-should-be red.

c) Not all of the safety pictograms need to be used together for a particular type or brand of
battery. In particular, safety pictograms D and J are meant as alternatives for a similar
purpose.
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Annex E
(normative)

Child resistant packaging of coin cells

General

Accidental ingestion of coin cells has become an object of public concern. When a coin cell
gets stuck in the oesophagus, its voltage in excess of 2 V causes the electrolysis of water and

the ge

and

can ¢

NOTE
within
pastt

This

E.2

The following applies to consumer type coin cells with a dié\q\eter of 16 mm and larger.

nnnrahr\n n'F h\lrlrnvu'la |r\ne Thnon h\lrlr'r\vurh: |nne 'Fnrm a—stirong ':\Ilz':luna c-nlnhr\n
I

ause chemical burns perforatlon of soft tissue, and in severe cases can cause de.é;

Ingested button cells with less than 2 Volts do not exhibit the potential to cause sever g mica
a short time. If such cells have been ingested, established medical practice is to monltort unt|| th
e oesophagus and then allow them to naturally pass through the digestive tract.

Q
Applicability C)%

Th

i)

b) M
Each

another cell containment is @ ved from the packaging.

E.3

E.3.1

in a
The

a) 1|ngle cell packaging O<<
e

The tollow@st methods were developed based on the analysis of the behaviour of chi

ackaging for coin cells shall meet one of ths{w owing conditions:

Packaging requirements specified m@of [24], [25], or [26]; or

The packaging strength shall be s hat the packaging passes the tests describ
E.3. (%)
: : K\
ulti-cell packaging
xO

cell containment in a rw’eell packaging shall be in compliance with a) even

Packaging t@

O
Gener :
S

est e they were required to try and open coin cell packagings within a limited
tqu%hall be conducted by an instructed person or, alternatively, if necessary,

n.

burns
Py get

Annex provides an approach for child resistant packaging of coin c<eoi§‘|n order to help in
prevénting their accidental ingestion. Q(b

ed in

when

Idren

time.
Ising

suita

[&equipment
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E.3.2

Test items

a) Bending test

Hold the packaging with the fingers of one hand and hold the cell with the fingers of the other
hand. Bend the packaging close to the battery until one hand touches the other hand as
shown in Figure E.1. This is a guide for the bending angle: 150° + 5° or more.

Figure E.1 — Bending test X
%/
b) Tlorsion test 8
Hold|the packaging with the fingers of one hand on each of it@%norter sides and tw
diaggnally with a torsion angle of 45° + 5° in opposite directions as shown in Figure
threg times in both directions. AN\
S

c) Tlearing test@.

Try tp tear t(?] ell compartment with your fingers as shown in Figure E.3. Alternatively

suitaple eqep

IEC \q

18t 2nd 3 time <(
<&

° £5° 45° £5°
: 45° £5° 45° +5°
O IEC
OQ Figure E.2 — Torsion test

O

ent and apply a force of at least 25 N.

ist it
E.2,

use

&

Figure E.3 — Tearing test
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d) Pushing test

IEC 60086-4:2019 RLV © |IEC 2019

Try to push the cell out of the compartment with your fingers. Alternatively pull with a mass of
at least 5 kg for 30 s; as shown in Figure E.4.

E.3.3 Test procedure

v

Figure E.4 — Pushing test

©
Q‘b

Sample packagings shall be tested in the condition of the packa ﬁg as sold to the consymer.
The humber of test samples shall be 10 packagings. Each
seriep of tests in the order and frequence outlined in Table E

Table E.1 — Test prté@ure
A

E.3.4 Criteria C)
Each|test sam %all meet the following criteria.

pIe shall be subjected|to a

Order Test item \\ Number of times
(1) a) Bendifigest 50
(2) b) @slon test 25
(3) c) ,;sTearing test 1
(4) b) AN Torsion test 25
(5) B Sy Bending test 50
(6) \.\c\)bc) Tearing test 1
N
o Y 9 Pushing test 1

a) Hach shall be kept in its packaging until the end of the test series, and
b) | r to prevent a child from pulllng the cell out from its compartment the packging

g is

6 mm d|ameter for a round hoIe and 10 mm Iength for a sI|t See Flgure E.5 for maximum
packaging openings.

Round
hole
(diameter)

A
¥

oY

A

Slit
(length)

IEC

Figure E.5 — Maximum packaging opening
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F.1

Annex F
(informative)

Use of the KEEP OUT OF REACH OF CHILDREN safety sign

General

Accidental ingestion of coin cells has become an object of public concern. When a coin cell
gets stuck in the esophagus, its voltage in excess of 2 V causes the electrolysis of water and

and

the g
can g

The
child
usua

Ther
shou

F.2

Whe

reach of children, the following best practices apply. J'he safety sign recommendation
bnary advice for use on batteries and battery packagings are given in Table D.1, sjafety
F while warning text for safety information abolit battery handling is given in Figure 9.

cauti
sign
F.3

a) R
b)

c) Tlhe size of the safety sigh;should be 6 mm in diameter or larger.
fl the text KEEP OWT ‘OF REACH OF CHILDREN is used, it should contrast wit

d)

o =

F.4

a) Hefer tolable 9 for marking requirements on coin cells.
b) The, safety sign should be durably and indelibly marked. No colour is required. Engrg

—

gast 50 % of the area of thepictogram.

anaration of hudravida inne Thaoogo hyudravidao inne faorm o ctrana allkaling ocnlitin
H-e+aHoH —ryetrextae—ohe—rr Hy-erextero—oRe—oH R —a—StHoRg—ahkarie—56+uHe

ause chemical burns, perforation of soft tissue, and in severe cases can cause deat

hew safety sign KEEP OUT OF REACH OF CHILDREN should give parents who
en a heads-up as a mandatory action sign even if intended productscdare safe i
sense of adults.

pfore, purpose of the new safety sign is used to convey the message that these pro
d be kept out of reach of children in order to prevent accidentakingestion.

Safety sign

h a safety sign is used to convey the message that these products should be kept g

Best practices for marking the packaging

efer to Table 9 for marking requirétments on packaging.

he safety sign should be onxgontrasting background. The background should coVv

pickground color gRfwhich it is printed.

Best practices for marking the cell

e

n.

have
h the

Hucts

ut of
and

er at

h the

ving,

fching, embossing or stamping are acceptable.

NOTE Recommended safety signs are shown in Figure F.1. The manufacturer can select any of the safety signs.

O o

IEC IEC
Type 1 Type 2 Type 3

Figure F.1 — Recommended safety signs for use on coin cells

c) The safety sign on cells should have a diameter of 6 mm or larger.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION
IEC 60086-4
Edition 5.0 2019-04
PRIMARY BATTERIES -
Part 4: Safety of lithium batteries
INTERPRETATION SHEET 1

This jnterpretation sheet has been prepared by IEC technical committee 35: Primary cells and

batte]

The fext of this interpretation sheet is based on the following documents:

ries.

DISH Report on voting
35/1445/DISH 35/1448/RVDISH
Full information on the voting for the approval of this interpretation sheet can be found ip the
repoft on voting indicated in the above table.
IMPIORTANT - The 'colour jinside' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Usersishould therefore print this document using a colour printer.
Question 1

In looking at IEC 60086-4 Edition 5.0 2019-04, | thought it was difficult to understand all of the

mark

ing requirements for swallowable batteries as well as the purpose of those requirements.

Could you provide a detailed explanation?

Answer 1

The following list of statements reflects the intention of Table 9 and presents an interpretation

of ce

rtain parts of Clause 9, and Annex F:

a) Table 9 is intended to summarize requirements that are found in the text, namely in 7.2 a),

9

.1and 9.2, and in Annex F.

ICS 29.220.10
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b) The structure of table 9 is similar to the list in 9.1 (items "a)" to "f)") and 9.2 (items "a)" thru
llb)ll).

c) From item a) in 9.2 it is not clear what exactly is required to appear on the packaging and
what on the battery: the safety sign alone (Table D.1 item E, or Figure F.1) or the complete
product safety label (Figure 9).

The purpose of measures to prevent accidental ingestion of batteries is to eliminate the
opportunity for children to get stuck batteries in the oesophagus.

The battery that requires measures to prevent accidental ingestion is a swallowable battery size
which fits within the limits of the ingestion gauge and is applied to direct sale in consumer-
replajceable applications in which children have opportunity to contact swallowable battefnies.

Therg¢ is no description requiring the marking of Caution for ingestion on battery/cell with a
diamgter of 20 mm or more in the text. However, due to the consideration of measures to
prevent accidental ingestion, it was determined that the marking of Caution forlingestion|on a
battery/cell with a diameter of 20 mm or more is needed and its requirement s shown in Table 9.
Thergfore, a pictogram must be engraved as a substitute of Caution for ingestion due|to a
battefry/cell with a diameter of 20 mm or more having no space to display the marking.

The {ype of "caution for ingestion" that is required on the immediate packaging of swallowable
batteries is one of the safety signs as shown in Figure F.1. Where there is enough spage on
the packaging, additional information per Figure 9 (the safety label or only its text) cgn be
printeéd on the packaging or accompanying safety information about battery handling.

Tabl¢ 1 of this Interpretation Sheet summarizes the‘tequirements for marking of lithium button
cells

Table 1 — Marking requiremients for swallowable batteries

Diameter Requirement(s)

d <16 mm Cautionary advice in,the form of the words KEEP OUT OF REACH OF CHILDREN or|the
safety symbol E of\Fable D.1 on the immediate packaging.

16 mm <d <20 mm | Child resistanf packaging and cautionary advice in the form of the words KEEP OUT PF
REACH OF CHILDREN or the safety symbol E of Table D.1 on the immediate packading.

d =240 mm Child gesistant packaging, cautionary advice in the form of the words KEEP OUT OF REACH
OF _CHILDREN or the safety symbol E of Table D.1 on the immediate packaging, and the
safety symbol E of Table D.1 on the positive side of the battery.

NOTE If applicabley the cautionary advice in the form of words should appear in one or more langugages as
apprppriate for the mrarket on which the cells and batteries are placed.

QueTtion 2

From 9.2 and in particular 9.2 a), it is not clear which kind of batteries are intended for direct
sale in consumer-replaceable applications?

Answer 2

The kind of batteries that are included are those with general packaging such as blister packs
sold in stores and on the internet, batteries packed with equipment and batteries which are
contained in equipment and can be replaced by the consumer.

Question 3

Annex F is marked as "Informative", however "requirements" is stated in the title of Table 9.
When referring to Table 9, do we have to consider Annex F as "normative" ?
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Answer 3

Annex F contains supplementary material, the main text in the body of the standard takes
priority over it. Therefore, even if Annex F is informative, the content listed in Table 9 has to be

consi

dered as requirements.

Question 4

In E.3.2 b), it is difficult to understand the test method of the torsion test. It is not clear how to

twist "three times in both directions".

AnS\Ler 4

Following is an explanation how and how many times to twist the packaging and,in’which prder
to propceed.

(D) First time — Hold the packaging with the fingers of one hand on each of.it$ shorter sides|from
the state of 0 degrees (neutral state without torsion). Twist it diagonally ' with a torsion angle of
45° in opposite directions as shown in Figure E.2.

(2) Second time — Twist it diagonally 90° (45° back + 45° opposite direction) in opposite
direcfions to the direction twisted at the first time

(3 Third time — Return to neutral state without torsion/(45° back)

(@) Mpvements (1), (2) and (3) are counted as 1 time\(1 reciprocation) and are repeated 25 {imes
(25 reciprocations).

Figure 1 of this Interpretation Sheet shows\the movements of the torsion test. The red and blue

lines
to ke

ep track of the orientation during movements.

represent the left and right edge ofithe packaging. The triangles and circles were added



https://iecnorm.com/api/?name=d2deca3420166e3d0ba1228cbc041749

-4 - IEC 60086-4:2019/ISH1:2020
© IEC 2020
Hold the packaging Perspective view
Left ‘ _~—_ Right Before After (1) After (2) After (3)
i ; @ | ¥ -
a1l I
/| i Ai
(4) Repeatprocesses (1) through (3) 25times
View from right side
Before After (1) After (2) After (3)
o) A A
Q
. . ! A/ ) FEY.8)
\ ) \\ A\ /
A [ (e A
IEC
Figure 1 — Torsion test
Question 5
From 9.2 b), Table 9, and Annex E, it is not clear what.the transition period is for the requirgment
of "Child resistant package" ?

Answer 5

The fransition period is the sa
the p

ublication date of the fifth edition 0f1EC 60086-4.

me as Marking and packaging requirements, namely 2 years|from



https://iecnorm.com/api/?name=d2deca3420166e3d0ba1228cbc041749

-2- IEC 60086-4:2019 © IEC 2019

CONTENTS

FOREWORD ...ttt e e et et e e et et e e et et e e e e e e e e e e e e e e e e eanneenns 5
LN I O 1 1 L I 1 ] PN 7
1 S T o] o 1 Y S 8
2 NOIMALIVE FEFEIENCES ... et 8
3 Terms and definitioNs ... s 8
4 Requirements for safety. ... 11
4.1 LT ] [ | o PP TP, W o
4.p QUALTEY PlAN e A B

5 [ype testing and Sampling ... R e I
5/ Validity of TeSting ....oeniiniiiii e O I
5p Test SAMPIES .o e .12

6 [esting and requirements ... .12
6.1 GBNEIAl. e .12
5.1.1 Test application matriX........c.ooooii A 12
5.1.2 Cautionary NOLICE......ccuiiie e e .. 13
5.1.3 Ambient temperature ... ... Y .13
5.1.4 Parameter measurement tolerances ......4,.57 i .13
5.1.5 PredisSCharge ... .14
5.1.6 AddItioNal CeIIS ...ee e M e .14

6.p Evaluation of test criteria ... O 14
5.2.1 Short-CirCUIt ... 14
5.2.2 EXcessive temperature NS . e 14
5.2.3 Leakage ..o 14
5.2.4 V2= 0101 T S 14
5.2.5 T Y O PP PP 15
5.2.6 RUP U o T e e et 15
5.2.7 E XD O ON ...15

6.B Tests and requirements — OVEeIVIEW ... ...15
6.4 Tests for intenNded USE ... ...16
5.4.1 TEStA: AlITUAE .. ...16
5.4.2 Test B: Thermal CYCliNgG ... ...16
5.4.3 Test C: Vibration ... A7
5.4.4 TeSt D SHOCK .. e ...18

6.b Tests for reasonably foreseeable MisSUSe ........cvueeeeiieeiieeiieeiieiieeiiieiiieieeieeee .19
6.5.1 Test E: External short-CirCuit.........c.oooiiii e 19
6.5.2 T et Fi IMPacCt oo e 19
6.5.3 1= 153 A C A O U Y o 20
6.5.4 Test H: Forced diSCharge. ..o 21
6.5.5 Test I: Abnormal Charging.......coouioiii e 21
6.5.6 Test J: Free fall oo 22
6.5.7 Test Ki Thermal @busSe... ..o e 22
6.5.8 Test L: Incorrect installation............c.oooiiiii e 22
6.5.9 Test M: OverdisSCharge. .. ..o 23

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

7 Information fOr SafEly ... 25


https://iecnorm.com/api/?name=d2deca3420166e3d0ba1228cbc041749

IEC 60086-4:2019 © IEC 2019 -3 -

7.1 Safety precautions during design of equipment............ccooiiiiiiiiiiii 25
7.1.1 LT o= = | P 25
7.1.2 Charge ProteCtion .. ... 26
7.1.3 Parallel CoNNECHioN ... ... 26

7.2 Precautions during handling of batteries ..., 26

7.3 = Tod =T 1 T S 29

7.4 Handling of battery Cartons ... 29

7.5 LI =1 57 1 1 SN 29
7.5.1 GBNEIAL ..t 29

5.7 A Tl T= =7 o 5 5P ...29
y.5.3 S A ITANS PO .. it .29
y.5.4 Land transpOrt .. . e ...29

7.6 Display and StOrage .....o.oviniiiii e e e ...29

7.7 [ 11 oo 1= | .Y [P ...30
NSTrUCtIONS fOr USE .. i et e ...30
Marking and packaging.......coocoiiiiiiiiii e O .31

9.1 General....oociiii e LT ... 31

9.p Swallowable batteries ... ..o A .31

9.B Safety pictograms ..o N .31

Anngx A (informative) Guidelines for the achievement of safety of lithium batteries ......... ...33
Annex B (informative) Guidelines for designers of equipment using lithium batteries........ .34
Annex C (informative) Additional information on display and storage ...............ccccceevennnn. ...36
Anngx D (informative) Safety pictograms ... o .37

D1 GeNErAl. . N e .. 37

DJ2 P O gramM S . e A .37

DJ3 INSIFUCHION fOF USE . ounie e N e e e ...38

Anngx E (normative) Child resistant_packaging of coin cells...........ccooooiiiiiiiinnn. ...39

E1 LT =Y 1= = ¥ e P ...39

E]2 AP CADIITY Lo e ...39

E3 Packaging 1eSES . i ...39
-.3.1 LT 1= = | ...39
=.3.2 T O M e ...40
-.3.3 St PrOCEAUIE .o ... 41
-.3.4 {241 =Y o - TP .41

Annex F (informative) Use of the KEEP OUT OF REACH OF CHILDREN safety sign....... ...42

F.f LT a1 =Y PP .42

F.2 S O Y iGN . 42

F.3 Best practices for marking the packaging.........ccooiiiiiiiiiii 42

F.4 Best practices for marking the Cell ... 42

BB O g AP Y e 43
Figure 1 — Thermal cyCling ProCEAUIE .........iiieiii e e e e 17
Figure 2 — Example of a test set-up for the impact test..........coccoiiiiii 20
Figure 3 — Examples of a test set-up for the crush test.............o 21
Figure 4 — Axes for free fall. ... 22
Figure 5 — Circuit diagram for incorrect installation ...............ccoooiiiii e, 23

Figure 6 — Circuit diagram for overdischarge.............cooiiiiiii i, 24


https://iecnorm.com/api/?name=d2deca3420166e3d0ba1228cbc041749

-4 - IEC 60086-4:2019 © IEC 2019

Figure 7 — Examples of wiring for charge protection.............ccooiiiiiiiiiiici e, 26
Figure 8 — INgeSHiON GAUGE ....ouiiiiii e et 27
Figure 9 — Example for warning against swallowing, particularly coin cell batteries ............... 27
Figure E. 1 — Bending 1ot .o 40
Figure E.2 — TOrSiON 108 ... et e e e e e e aaeaas 40
Figure E.3 — Tearing test ..o e e e 40
Figure E.4 — PUShiNg test. oo e 41
Figure E.5 — Maximum packaging OPENiNg .......cueuiiiieiiiiie e et e e e e e e e eeaeenas 41
Figune F.1 — Recommended safety signs for use on coincells .............ccoooiiiiiiiiiiin A ... 42
Tablg¢ 1 — Number of test samples...... ..o N 12
Tablg 2 — Test application MatriX ... gy R e e e aeenas .13
Tablg 3 — Mass 10SS lMItS ... B e .14
Tablg 4 — Tests and requirements ... ... O ...16
Tablg 5 — Vibration profile (sinusoidal)..........c.cooiiiiiiiii e S ...18
Tablg 6 — Shock parameters ..........ccooviiiiiiiiiiiiieieceeeeee s e e ...18
Tablg 7 — Resistive load for overdischarge...........oooviiii i N .24
Tablg¢ 8 — Parameters to be specified ... ... S ...25
Tablg 9 — Marking and packaging requirements ...... . e .32
Tablg A.1 — Battery design guidelines ... ...t e ...33
Tablg B.1 — Equipment design guidelines........ ... i ...34
Tablg D.1 — Safety piCtograms ... ... R e .37

Tablg E.1 — TeSt PrOCEAUIE......ce e e e .41



https://iecnorm.com/api/?name=d2deca3420166e3d0ba1228cbc041749

IEC 60086-4:2019 © IEC 2019 -5-

2)

3)

4)

5)

6)

7)

8)

9)

Interpatianal Standard IEC 60086-4 has been prepared by technical committee 35: Pri
cellsfand batteries.

INTERNATIONAL ELECTROTECHNICAL COMMISSION

PRIMARY BATTERIES -

Part 4: Safety of lithium batteries

FOREWORD

vV LI Y

International Electrotechnical Commission (IEC) is a worldwide organization for standardization“~comy
national electrotechnical committees (IEC National Committees). The object of IEC isto pr

end and in addition to other activities, IEC publishes International Standards, Technical Specifics
Teichnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter greferred to as
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National COmmittee inte
in |[the subject dealt with may participate in this preparatory work. International, governmental and
gojernmental organizations liaising with the IEC also participate in this preparatioR JIEC collaborates d
with the International Organization for Standardization (ISO) in accordance with-/conditions determin|
agfeement between the two organizations.

Thie formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interng
copsensus of opinion on the relevant subjects since each technical committee has representation fr
interested IEC National Committees.

IEC Publications have the form of recommendations for internatiofial use and are accepted by IEC N3
Cdmmittees in that sense. While all reasonable efforts are made to ensure that the technical content
Publications is accurate, IEC cannot be held responsible forythe way in which they are used or fq
mipinterpretation by any end user.

In|order to promote international uniformity, IEC National Committees undertake to apply IEC Publig
transparently to the maximum extent possible in their“national and regional publications. Any diver
befween any IEC Publication and the corresponding @ational or regional publication shall be clearly indica
the latter.

IEC itself does not provide any attestation of.conformity. Independent certification bodies provide conf]
aspessment services and, in some areas, ;aecess to IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certification bodies.

Alllusers should ensure that they have'the latest edition of this publication.

Nd liability shall attach to IEC or.ifs)directors, employees, servants or agents including individual exper
me¢mbers of its technical committees and IEC National Committees for any personal injury, property dam
othher damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feeq
expenses arising out of the ‘publication, use of, or reliance upon, this IEC Publication or any othe
Publications.

At{ention is drawn tg the" Normative references cited in this publication. Use of the referenced publicati
indispensable for the correct application of this publication.

Atfention is drawn to the possibility that some of the elements of this IEC Publication may be the sub
pafent rights” NEC shall not be held responsible for identifying any or all such patent rights.
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This fifth edition cancels and replaces the fourth edition published in 2014. This edition
constitutes a technical revision.

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

a)
b)

c)
d)
e)

Revised criteria for an explosion;

Addition of test parameters for the overdischarge test of battery types FR14505
FR10G445;

Addition of a new subclause 5.1 Validity of Testing;
revised pictogram E in Table D.1;
Addition of Annex E with requirements for child resistant packaging of coin cells;

and
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f) Addition of Annex F with recommendations on the use of the KEEP OUT OF REACH OF
CHILDREN safety sign.

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

FDIS Report on voting
35/1420/FDIS 35/1423/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

NOTE
— ing
A lis

found

The
the s

-

€

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

The following print types are used:

tructions/warnings for consumers: in italic type.

of all parts in the IEC 60086 series, under the general title Primarty batteries, c3
on the IEC website.

committee has decided that the contents of this publication will remain unchanged

tability date indicated on the IEC web site under "http:/fwebstore.iec.ch" in the
relat¢d to the specific publication. At this date, the publication\will be

confirmed,

e withdrawn,

e rgplaced by a revised edition, or

e amended.

The gontents of the corrigendum of October 2019 and the Interpretation sheet of May

been included in this copy. The.\¢ontents of the corrigendum of April 2020 apply t
Ch version only.

n be

until
data

2020
b the

IMPC
that

unde
colo

it contains _colours which are considered to be useful for the cor
rstanding of ‘its contents. Users should therefore print this document usin
ir printer.

)RTANT - The 'colour inside' logo on the cover page of this publication indicates

rect
g a
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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.

Con
distri
lithiu

indu
The

Howgver, from around the end of the 1980s, lithium batteries with high-power output start
idely used in the consumer replacement market, mainly as apower source in camera

be w
appli
incre
cons
were

Prim
safe
stang
docu
harm

relat¢d matters.

Guid
Anne
equif
lithiu

Safe

outp{t. There were also lithium batteries with high power output which were used for sp

pbution, use, and disposal of lithium batteries. Based on such special characteti
m batteries for consumer applications were initially small in size and had Aow’ p

trial and military applications and were characterized as being “technician\replacesd
irst edition of this document was drafted to accommodate this situation.

Cations. Since the demand for such lithium batteries with highypower output signifig
psed, various manufacturers started to produce these types of lithium batteries.

bquence of this situation, the safety aspects for lithium ®atteries with high power o
included in the second edition of this document.

bry lithium batteries both for consumer and industrial applications are well-establ

ards such as this document and, for transport, IEC 62281. The fourth edition o
ment therefore reflects only minor changes which became necessary in order to kg
onized with |IEC 62281 and to continuously improve the user information about s

blines addressing safety issues™during the design of lithium batteries are provid
X A. Annex B provides guidelines addressing safety issues during the desig
ment where lithium batteries are installed. Both Annex A and B reflect experience
m batteries used in camera applications and are based on [23]1.

y is freedom fromwunacceptable risk. There can be no absolute safety: some ris

rem
by r

the igeal of absolute safety and the demands to be met by a product, process or service
factors such as<benefit to the user, suitability for purpose, cost effectiveness, and conven
of th¢ society-concerned.

As safety will pose different problems, it is impossible to provide a set of precise provi

in. Therefore a product, process or service can only be relatively safe. Safety is ach
ucing risk to a-tolerable level determined by the search for an optimal balance bet

ction,
stics,
ower
ecial
ble”.

ed to
antly

As a
utput

shed

and reliable products in the market, which is atdeast partly due to the existence of safety

this
ep it
afety

ed in
n of
with

will
eved
veen
and
tions

sions

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

safet

y.

1 Numbers in square brackets refer to the bibliography.
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PRIMARY BATTERIES -

Part 4: Safety of lithium batteries

1 Scope

This

2019

part of IEC 60086 specifies tests and requirements for primary lithium batteries to ensure

their

NOTE|
requir
and/o
made

purpo

2 Normative references

The

contg
cited
any g

IEC 60086-1, Primary batteries — Part 1: General

IEC {

ISO Ind IEC maintain terminplogical databases for use in standardization at the follg

NOTE
conve

3.1

safe operation under intended use and reasonably foreseeable misuse.

Primary lithium batteries that are standardized in IEC 60086-2 are expected to meet allapp

ensuring the safety of non-standardized primary lithium batteries. In either case, no claim or warrg
that compliance or non-compliance with this standard will fulfil or not fulfil any of(the’ user’s par
es or needs.

ollowing documents are referred to in the text in such a“way that some or all of
nt constitutes requirements of this document. For dated references, only the e

mendments) applies.

0086-2, Primary batteries — Part 2: Physical and electrical specifications

‘erms and definitions

ne purposes of this document,\the following terms and definitions apply.

sses:
FC Electropedia: ‘available at http://www.electropedia.org/
5O Online browsing platform: available at http://www.iso.org/obp

Certain(définitions taken from IEC 60050-482, IEC 60086-1, and ISO/IEC Guide 51 are repeated bel
hience:

icable

ements herein. It is understood that consideration of this part of IEC 60086 might also be given to meapuring

nty is
ticular

their
dition

applies. For undated references, the latest edition of the'referenced document (inclyiding

wing

bw for

batt

ry

one or more cells electrically connected and fitted in a case, with terminals, markings and

prote

ctive devices etc., as necessary for use

[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")]
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3.2
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]

3.3
coin
lithiu

<cell or battery>
m button <cell or battery>

smal
aque

Note

[SOU
term
diffen

3.4
com
cell d

3.5

cylirJ’dricaI <cell or battery>

roun

[SOU
by "r

3.6
dept
DOD

percgntage of rated capacity.discharged from a battery

3.7
fully
state

3.8
harm
injury

round cell or battery where the overall height is less than the diameter, containing
pus electrolyte.

to entry: The nominal voltage of lithium batteries is typically greater than 2 V.

RCE: IEC 60050-482:2004 482-02-40, modified (terms modified, NOTE “In prg
5, the term coin is used exclusively for non-aqueous lithium cells:® replaced w
ent note)]

bonent cell

ontained in a battery

cell or battery in which the overall height is-equal to or greater than the diameter

pund cell or battery")]

h of discharge

discharged
of a cell or battery at 100 % depth of discharge

or damage to the health of people, or damage to property or the environment

non-

ctice
ith a

RCE: IEC 60050-482:2004, 482-02-39, anodified ("cell with a cylindrical shape" replaced

[SOU

3.9
haza

RCE: ISO/IEC Guide 51:2014, 3.1]

rd

potential source of harm

[SOURCE: ISO/IEC Guide 51:2014, 3.2]

3.10

intended use
use in accordance with information provided with a product or system, or, in the absence of

such

information, by generally understood patterns of usage

[SOURCE: ISO/IEC Guide 51:2014, 3.6]
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3.1
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

3.13
lithium cell

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

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

3.14
nominal voltage
suitaple approximate value of the voltage used to designate or identify'aycell, a battery pr an
electrochemical system

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

3.15
open circuit voltage

OCV| Ug, off-load voltage

voltape across the terminals of a cell or battery whenino external current is flowing

[SOURCE: IEC 60050-482:2004, 482-03-32, modified (alternative terms “OCV, Uy, offtload
voltape” added, “across the terminals” added; “when the discharge current is zero” replaced
with fwhen no external current is flowing”)j

3.16
prismatic <cell or battery>
qualifies a cell or a battery havihg the shape of a parallelepiped whose faces are rectangiilar

[SOYRCE: IEC 60050-482:2004, 482-02-38]

3.17
protéctive devices
devides such @s-fuses, diodes or other electric or electronic current limiters designgd to
interqupt the 'current flow, block the current flow in one direction or limit the current flow jn an
electrical-circuit

3.18
rated capacity

capacity value of a cell or battery determined under specified conditions and declared by the
manufacturer

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

3.19

reasonably foreseeable misuse

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

[SOURCE: ISO/IEC Guide 51:2014, 3.7, modified (removal of NOTES)]
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3.20
risk

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

[SOU

3.21
safet

RCE: ISO/IEC Guide 51:2014, 3.9, modified (removal of NOTE)]

y

freedom from risk which is not tolerable

[SOURCEHSOHEC-Guide-54-2044-3-44]

3.22

undischarged

state

4 Requirements for safety

4.1

Lithid

intermal construction (bobbin, spiral) and are available dn“cylindrical, coin and pris
configurations. It is necessary to consider all relevant,safety aspects at the battery d
, recognizing the fact that they can differ considerably, depending on the specific lifhium

stagq
systsg

b) Temperature increases in the battery shall be controlled by a design which limits cu
flow.
c) Lfthium cells and batteries_shall be designed to relieve excessive internal pressure

fd

See Annex A for guidélines for the achievement of safety of lithium batteries.

4.2

The manufacturer shall prepare and implement a quality plan defining the procedures fa
ction of materials, components, cells and batteries during the course of manufactu

insp¢g
be a

TheA]
a) Abnormal temperature rise above the critical value defined by the manufacturer she
prevented by design.

pfeclude a violent rupture~under conditions of transport, intended use and reaso

of a primary cell or battery at 0 % depth of discharge

Design

m batteries are categorized by their chemical composition-(anode, cathode, electro

m, power capability and battery configuration.

ollowing design concepts for safety are common to all lithium batteries:

reseeable misuse.

Quality plan

yte),
matic
Bsign

Il be
rrent

or to
nably

unde

of battery. Manufacturers s

they relate to product safety.

5 Type testing and sampling

5.1

Validity of Testing

Lithium cells or batteries shall be subjected to the tests, as required in this standard. Testing
ins valid until a design change or requirement revision has been made. Retesting is

rema
requi

red when:

a) a battery specification changes by more than 0,1 g or 20 % mass, whichever is greater,
for the cathode, anode or electrolyte;

b) a

battery specification change would lead to a failure of any of the tests;
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c) there is an addition of new tests or requirements; or
d) there is a requirement change that would lead to a failure of any of the tests.
5.2 Test samples

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

Table 1 — Number of test samples

6 1

6.1
6.1.1

Tests Discharge state . Cells and . a Multi-cell batteries
single 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 N n/a
50 % predischarged 20 (see Note' 2) n/a
Test M
75 % predischarged 20 (sée)Note 3) n/a

single cell batteries containing one tested component cell do not require re-testing unless
the change could result in a failure of any of the\tests.

Key:

n/a: not applicable

NOTE 1

Four batteries connected in‘series with one of the four batteries reversed (5 sets).
NOTE 2 Four batteries connected in series, one of which is 50 % predischarged (5 sets).

NOTE 3 Four batteries cornnected in series, one of which is 75 % predischarged (5 sets).

General

Appli

[esting and requirements

Testapplication matrix

cability of test methods to test cells and 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 1 J K L M
s X X X X X x @ x@ X X X X x b x ¢
m X X X X X x @ xad | xd X X X n/a n/a
Test description: Key:
Intended use tests Reasonably foreseeable misuse tests | Form
A: Altitude E: External short-circuit s: cell or single cell battery
B: Thermal cycling F: Impact m: multi cell battery
C: Vibration G: Crush
D: SHock H: Forced discharge Applicability
I:  Abnormal charging X: applicable
J: Free fall n/a: not applicable
K: Thermal abuse
L: Incorrect installation
M: Overdischarge
a8 Orlly one test shall be applied, test F or test G.
b Orlly applicable to CR17345, CR15H270 and similar type batteries of a spiral}construction that colild be
indtalled incorrectly and charged.
¢ Or]ly applicable to CR17345, CR15H270 and similar type batteries of a ‘§piral construction that copld be
overdischarged.
4 Tekt applies to the component cells.
6.1.2 Cautionary notice
WARNING: These tests call for the use.'of procedures which can result in injury if
adequate precautions are not'taken.
It has been assumed in(the drafting of these tests that their executian is
undertaken by appropriately qualified and experienced technicians ujsing
adequate protection.
6.1.3 Ambient temperature
Unle$s otherwise specified, the tests shall be carried out at an ambient temperature of
20 °¢ + 5 °C.
6.1.4 Parameter measurement tolerances
The pyerall accuracy of controlled or measured values, relative to the specified or dctual
para : ithi i :
a) 1% for voltage;
b) +1% for current;
c) +2°C for temperature;

d) £0,1% fortime;

e) 1%

f)

These tolerances comprise the combined accuracy of the

for dimensions;

+1% for capacity.

measuring

measurement techniques used, and all other sources of error in the test procedure.

instruments, the



https://iecnorm.com/api/?name=d2deca3420166e3d0ba1228cbc041749

6.1.5

- 14 - IEC 60086-4:2019 © IEC 2019

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
6.2.1

A sh
cell g
requi

6.2.2

An e
case

6.2.3

Leak
or ot
hand

limitg in Table 3.

In or

wher
m1 |

m2 |

is the mass before_ a test;
is the mass after that test.

Evaluation of test criteria
Short-circuit
prt-circuit is considered to have occurred during a test if the open-circuit'voltage g

r battery immediately after the test is less than 90 % of its voltage priofte the test.
rement is not applicable to test cells and batteries in fully discharged states.

Excessive temperature rise

kcessive temperature rise is considered to have occurred during a test if the ext
temperature of the test cell or battery rises above 170 °C,

Leakage

her material from the test cell or battery, orithe loss of material (except battery ca
ling devices or labels) from the test cell or\battery such that the mass loss exceed

ler to quantify mass loss Am / m, the,following equation is provided:

m, - m,

Amlm = x100 %

1

a)
-

Table 3 — Mass loss limits

f the
This

ernal

hge is considered to have occurred during a te€st"if there is visible escape of electrolyte

sing,
5 the

Mass of cell or battery Mass loss limit
m Aumlm
m<1g 0,5 %
19g<m<75¢g 0,2 %
m>75¢g 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 pressure relief feature designed for this
purpose. This gas may include entrapped materials.
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6.2.5

Fire

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

6.2.6

Rupture

A rupture is considered to have occurred if a cell container or battery case has mechanically
failed, resulting in expulsion of gas or spillage of liquids but not forcible ejection of solid
materials.

6.2.

An e
and s

Durir

ejectpd components shall be limited. If required, it may be measured as follows:

a) It

b) I
6.3
This

foreseeable misuse (tests E to M).

mm and grid density of 6 to 7 wires per cm) placed 25 cm away-from the cell; or

Explosion

plosion is considered to have occurred if a cell container or battery case opens.vio
olid components are forcibly ejected.

ently

g cell or component cell testing, ejection of internal components is acceptable. Energy of

will not penetrate a wire mesh screen (annealed aluminium wire\with a diameter of

can be measured by a method demonstrated to be equivalent to the one described

Tests and requirements — Overview

0,25

document provides safety tests for intended use (tests A to D) and reasonably

TabIeL4 contains an overview of the tests and,requirements for intended use and reasonably

fores

eable misuse.
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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 misuse E External short-circuit NT, NR, NE, NF
tests F Impact NT, NE, NF
G | Crush NT, NE, NF
H Forced discharge NE, NF
| Abnormal charging NE, NF
J Free fall NV, NE, NF
K Thermal abuse NE, NF
L Incorrect installation NE, NF
M Overdischarge NE,\NF

T

o

ts A through E shall be conducted in sequence on the same cell or battery.

Tes$ts F and G are provided as alternatives. Only one of them shall beiconducted.

Kely
NC: No short-circuit

NE}[ No explosion

NF} No fire

NL| No leakage

NRE:  No rupture

NT} No excessive temperature rise

NV} No venting

Seg 6.2 for a detailed description‘ef the test criteria.

6.4 | Tests for intended use

6.4.1 Test A:Altitude
a) Hurpose
This test simulates air transport under low pressure conditions.

b) Testprocedure

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

c) 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.
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b) Test procedure

c)

6.4.3 Test C: Vibration
a) Hurpose

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 maximum time for
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.

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.

+f2°C

—40°C

A
y
A
y
A
y
A
y

EC

-~
IN

30 min
,| = 6 h (12 h for large cells and batteries)

NPTE The figure shows one of ten cycles

Figure 1— Thermal cycling procedure

Py

equirements

—

here shall be no leakage, no venting, no short-circuit, no rupture, no explosion arjd no
ife during this test.

—h

This test simulates vibration during transport. The test condition is based on the range of
vlbrations-as given by ICAO [2].

W|thout dlstortlng them and in such a manner as to falthfuIIy transmlt the V|brat|on 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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Table 5 — Vibration profile (sinusoidal)

Frequency range Amplitudes Duration of logarithmic Axis Number
sweep cycle of

From To (7 Hz - 200 Hz - 7 Hz) cycles
Sy =7Hz S a =1g, X 12
Ja J3 s =0,8 mm Y 12

15 min

f3 f4 =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

1 4 lower and upper frequency

o /5 cross-over frequencies;

/5 =~ 17,62 Hz; and

/3 = 49,84 Hz, except for large batteries, where f; = 24,92 Hz

ag, a, acceleration amplitude; a, = 8 g ,except for large batteries, where.a, = 2 g

s displacement amplitude

NOTE| g, = 9,80665 m / s2

c) Requirements

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

6.4.4 Test D: Shock

a) Hurpose

This test simulates rough handling during transport.
est procedure

T
Test cells and batteries shall be secured to the testing machine by means of a rigid npount
which will support_all*mounting surfaces of each test cell or battery. Each test c¢ll or
bhattery shall be, subjected to 3 shocks in each direction of three mutually perpendicular
nmounting positions of the cell or battery for a total of 18 shocks. For each shock|, the
p

hrameters, given in Table 6 shall be applied.

Table 6 — Shock parameters

Peak Pulse Number of shocks
Waveform . . ;
acceleration duration per half 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, =9,80665m /s?

For lithium primary batteries with a mass in excess of 12 kg, the test method of test T-4 in
IEC 62281 [12] may be used.

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

6.5

6.5.

a)

b)

c)

(VI
- -
[3,]

b)

The test cell or battery shall be stabilized at an external case temperature of 55.°(Q
then subjected to a short-circuit condition with a total external resistance of-less
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.

Fpr lithium primary batteries with a mass in excess of 12 kg, the test method of test T
B

T
The test shall be conducted using the test samples previously subjected to the shock
R
T

2
FJ
T
c
Tlest procedure
T
T
(

Tests for reasonably foreseeable misuse

1 Test E: External short-circuit

Purpose

This test simulates conditions resulting in an external short-circuit.

Test procedure

FC 62281 [12] may be used.
he test sample shall be observed for a further 6 h.

equirements

Test F: Impact

urpose

rcuit.

he impact test is applicable to cylindrical cells not less than 18 mm in diameter.

he test cell or component celliis placed on a flat smooth surface. A stainless stee
ype 316 or equivalent) with-a diameter of 15,8 mm + 0,1 mm and a length of at

1 cm + 2,5 cm at thetintersection of the bar and the test sample in a controlled ma

D degrees from the horizontal supporting surface.

he test §ample is to be impacted with its longitudinal axis parallel to the flat surface
rpendicular to the longitudinal axis of the stainless steel bar lying across the cent
the test' sample (see Figure 2).

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

and
than

-51in

est.

here shall be no excessive temperature rise, no ruptureyxno explosion and no fire during
this test and within the 6 h of observation.

his test simulates mechanical abuse from an impact that can result in an internal ghort

| bar
least

D mm or of the longest/dimension of the cell, whichever is greater, is placed acrosp the
entre of the test sample. A mass of 9,1 kg +£0,1kg is dropped from a height of

nner

6
c
6
uging a near frictionless, vertical sliding track or channel with minimal drag on the falling
mass. The vertical track or channel used to guide the falling mass shall be orig¢nted
9
T
p

and
re of
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c)

o

W)
~

b)

i to be continued until one of the three conditions below is reached:
1) The applied force reaches 13 kN + 0,78 kN;

17 MPa is reached on the hydraulic ram.

- 20 - IEC 60086-4:2019 © IEC 2019

:

:

|

‘\

R 4

{‘Q
1 IEC
NPTE The figure shows a flat smooth surface (1) and a stainless steel bar (2) which_i§ ‘placed acrops the
centre of the test sample (3). A mass (4) is dropped at the intersection in a controlled manner using a vertical
sljding channel (5).
Figure 2 — Example of a test set-up for the impacttest

Ejach test cell or component cell shall be subjected to one impaCct 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 peen
previously subjected to other tests.
Requirements
There shall be no excessive temperature rise,.ne explosion and no fire during this tesf and
wlithin the 6 h of observation.
.3 Test G: Crush
Rurpose
This test simulates mechanical~abuse from a crush that can result in an internal short
clrcuit.
Tlest procedure
The crush test is applicable to prismatic, flexible2, coin cells and cylindrical cells less|than
1B mm in diameter.
Al cell or component'cell is to be crushed between two flat surfaces. The crushing is fo be
gfadual with atspeed of approximately 1,5 cm / s at the first point of contact. The crushing

EXAMPLE: The force can be applied by a hydraulic ram with a 32 mm diameter piston until a pressure of

2) Theé voltage of the cell drops by at least T00 mV; or
3) The cell is deformed by 50 % or more of its original thickness.
As soon as one of the above conditions has been obtained, the pressure shall be rele

ased.

A prismatic or flexible cell shall be crushed by applying the force to the side with the
largest surface area. A coin cell shall be crushed by applying the force on its flat surfaces.

For cylindrical cells, the crush force shall be applied perpendicular to the longitudinal
See Figure 3.

axis.

2 The term “flexible cell” is used in this document in place of the term “pouch cell” which is used in [22]. It is also

used in place of the terms “cell with a laminate film case” and “laminate film cell”.


https://iecnorm.com/api/?name=d2deca3420166e3d0ba1228cbc041749

IEC 60086-4:2019 © IEC 2019 -21-

c)

6.5.4 Test H: Forced discharge

a)

6.5.5. “"Test I: Abnormal charging

a)

b)

IEC

IEC

NPTE The figures show two flat surfaces (1 and 2) with batteries (3) of different shapes placed betweern them
fdr crushing, using a piston (4).

Figure 3 — Examples of a test set-up for the crush test

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

he test shall be conducted using test cells or component cells\that have not previpusly
begen subjected to other tests.

Requirements

There shall be no excessive temperature rise, no explosjon and no fire during this test and
wlithin the 6 h of observation.

Rurpose
his test evaluates the ability of a cell to withstand a forced discharge condition.

—

est procedure

T
Ejach cell shall be force discharged\at ambient temperature by connecting it in serieq with
al12 V direct current power supply at an initial current equal to the maximum contifuous
d|scharge current specified by the manufacturer.
T
S
s

he specified discharge current is obtained by connecting a resistive load of appropriate
ze and rating in series\with the test cell and the direct current power supply. Each cell
nall be force discharged for a time interval equal to its rated capacity divided by the initial
tgst current.

his test shall_be conducted with fully discharged test cells or component cells that |have
Dt previously-been subjected to other tests.

T
n

Requirenients
There~shall be no explosion and no fire during this test and within 7 days after the tesf.

Purpose

This test simulates the condition when a battery is fitted within a device and is exposed to
a reverse (charging) current from an external power supply, for example memory back-up
equipment with a defective diode (see 7.1.2). The test condition is based upon UL 1642
[20].

Test procedure

Each test battery shall be subjected to a charging current of three times the abnormal
charging current I specified by the battery manufacturer by connecting it in opposition to
a d.c. power supply. Unless the power supply allows for setting the current, the specified

charging current shall be obtained by connecting a resistor of the appropriate size and
rating in series with the battery.

The test duration shall be calculated using the formula:
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c)

6.5.6 Test J: Free fall

a)

b)

6.5.7 Test K: Thermal abuse

a)

b)

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

where

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

C
1

C

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

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

Rurpose

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

Tlest procedure
The test batteries shall be dropped from a height of 1 m onto a @oncrete surface. Each
tgst battery shall be dropped six times, a prismatic battery once-from each of its six faces,

round battery twice in each of the three axes shown in Figur€)4. The test batteries|shall
b stored for 1 h afterwards.

O Q

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

Figure 4 — Axes for free fall

Requirements

There shall be nojyventing, no explosion and no fire during this test and within the 1 h of
opservation.

Rurpose

This‘Aest simulates the condition when a battery is exposed to an extremely |high
temperature.

Test procedure

A test battery shall be placed in an oven and the temperature raised at a rate of 5 °C/min
to a temperature of 130 °C at which the battery shall remain for 10 min.

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

6.5.8 Test L: Incorrect installation

a) Purpose

This test simulates the condition when one single cell battery in a set is reversed.
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b) Test procedure
A test battery is connected in series with three undischarged additional single cell
batteries of the same brand and type in such a way that the terminals of the test battery
are connected in reverse. The resistance of the interconnecting circuit shall be no greater
than 0,1 Q. The circuit shall be completed for 24 h or until the battery case temperature
has returned to ambient (see Figure 5).

o | L e
j T
B, B, ..B,
IEC

Key

B, Test cell

B,...B Additional cells, undischarged

Figure 5 — Circuit diagram for incorrect installation

c) Hequirements
There shall be no explosion and no fire during this test(

6.5.9 Test M: Overdischarge

a) Hurpose
This test simulates the condition when ong discharged single cell battery is connected in
series with other undischarged single cell\batteries. The test further simulates the uge of
bhatteries in motor powered appliances where, in general, currents over 1 A are required.
NPTE CR17345 and CR15H270 batteries,are widely used in motor powered appliances where currentp over
1]A are required. The current for non standardized batteries might be different.

b) Tlest procedure
Ejach test battery shall oepredischarged to 50 % depth of discharge. It shall then be
cpnnected in series with“three undischarged additional single cell batteries of the $ame
type.
Alresistive load R-is connected in series with the assembly of batteries in Figure 6 where
R}, is taken from Fable 7.
The test shall'be continued for 24 h or until the battery case temperature has returngd to
ambient:
The test'shall be repeated with 75 % predischarged test batteries.
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Table 7 — Resistive load for overdischarge

Battery type Resistive load R,
Q
CR17345 8,20
CR15H270 8,20
FR14505 3,60
FR10G445 3,60

NOTE Table to be modified or expanded when additional batteries of a
spiral construction are standardized.

EXAMPLE When CR17345 and CR15H270 batteries were standardized,
R, was determined from the end-voltage of the assembly in Figure 6, using
the formula

R=4x20V/1A
where

2,0V is the end-voltage taken from the specification tables in
IEC 60086-2; and 1 A is the test current.

R was then found by rounding R to the nearest value‘in Table 4 of

IEC 60086-1:2015.

1

-+ S L
1 = |

| IR

B, B,..B,
1
| S|

R1

IEC

Test battery, 50 % predischarged and, in separate tests, 75 % predischarged.

, Additional batteriesjundischarged

Resistive load

Figure 6 — Circuit diagram for overdischarge

equirements

here-shall be no explosion and no fire during this test.
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6.6

Information to be given in the relevant specification

When this document is referred to in a relevant specification, the parameters given in Table 8

shall be given in so far as they are applicable:
Table 8 — Parameters to be specified
Item Parameters Subclause
a) Predischarge current or resistive load and end-point voltage specified by the manufacturer 6.1.5
b) Method to measure the energy of an explosion, if any. 6.2.7
c) Shape: prismatic, flexible, coin or cylindrical; 6.5.2]and 6.5.3
Diameter: less than 18 mm or not less than 18 mm.
d) Maximum continuous discharge current specified by the manufacturer for test H 6.5.4
NOTE Forced discharge of a cell can occur when it is connected in series with other_cells
and when it is not protected with a bypass diode.
e) Rated capacity specified by the manufacturer for test H 6.5.4
f) Abnormal charging current declared by the manufacturer for test | 6.5.5
NOTE Abnormal charging of a cell can occur when it is connected in series with other cells
and one cell is reversed or when it is connected in parallel with a_power supply and the
protective devices do not operate correctly.
g) Normal reverse current declared by the manufacturer which can bé.applied to the battery 7.1.2
during its operating life
NOTE Normal reverse current flow through a cell can @geur when it is connected in parallel
with a power supply and the protective devices are operating properly.
6.7 | Evaluation and report
When a report is issued, the following list of items should be considered:

I: name and address of the testfacility;

name and address of applicant (where appropriate);

a unique test report.identification;

the date of the tést'report;

design chardctgristics of the test cells or batteries according to 4.1;

test descriptions and results, including the parameters according to 6.6;
type af the test sample(s): cell, component cell, battery or battery assembly;
weight of the test sample(s);

lithium content of the sample(s);

It is not necessary to issue a new report unless new type testing is required, see 5.1.

a signature with name and status of the signatory.

7 Information for safety

7.1

7.1.1

Safety precautions during design of equipment

General

See also Annex B for guidelines for designers of equipment using lithium batteries.
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7.1.2 Charge protection

When incorporating a primary lithium battery into a circuit powered by an independent main
power source, protective devices shall be used in order to prevent charging the primary
battery from the main power source, for example

a) a blocking diode and a current limiting resistor (see Figure 7a);

b) two series blocking diodes (see Figure 7b);

c) circuits with a similar blocking function based on two or more independent protective
devices;

lithium battery to the normal reverse current specified by the manufacturer which can be
applipd to the battery during its operating life, while the second protective device is\capable of
limiting the charging current to the abnormal charging current specified byJthe battery
manyfacturer and used for conduction of test |, Abnormal charging. The circuit shall Qe so
designed that at least one of these protective devices remains operational when any one
component of the circuit fails.

provided that the first protective device is capable of limiting the charging current throug{ the

Bt RAM Bt RAM
N
N
+ +
T IEC IEC
a) Diode and resistor b) Two diodes

Figure 7 — Examples-of wiring for charge protection

7.1.3 Parallel connection

Parallel connection should bé:avoided when designing battery compartments. Howevgr, if
required, the battery manufacturer shall be contacted for advice.

7.2 | Precautions duaring handling of batteries

When used correetly, lithium batteries provide a safe and dependable source of power.
Howegver, if théyrare misused or abused, leakage, venting or in extreme cases, explpsion
and/gr fire canjresult.

a) HKeep'batteries out of the reach of children

In parificular, Keep batteries which are considered swallowable out of the reach of children,
particularly those batteries fitting within the limits of the ingestion gauge as defined in
Figure 8. In case of ingestion of a cell or battery, seek medical assistance promptly.
Swallowing coin cells or batteries can cause chemical burns, perforation of soft tissue, and in
severe cases can cause death. They need to be removed immediately if swallowed. See
Figure 9 for an example of appropriate warning text.

Warning text similar to Figure 9 may be used for safety information about battery handling.
For cautionary advice and symbols to be printed on batteries and battery packagings refer to
Clause 9.

NOTE 1 Refer to E.1 in Annex E for more details.

NOTE 2 Refer to [14] for general information on hazards from batteries.
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Dimensions in millimetres

F

b) O

c) A
a

When batteries are inserted_in reverse they might be short-circuited or charged. This

caus
d) O

Whe
each
keys
persq

< > IEC

[SOURCE:SO 8124-

Figure 8 — Ingestion gauge

/A WARNING

KEEP OUT OF REACH OF CHILDREN

Swallowing can lead to chemical
burns, perforation of soft tissue, and
death. Severe burns can occur within
2 hours of ingestion. Seek medical
attention immediately.

IEC

NOTE This product safety label is compliant with [17].

o not allow children to replace batteries without adult supervision

Iways insert batteries correctly)with regard to polarity (+ and —) marked on the ba
nd the equipment

b overheating, leakage; venting, rupture, explosion, fire and personal injury.
o not short-circuit-batteries

W the positiver (+) and negative (=) terminals of a battery are in electrical contact
other, the<battery becomes short-circuited. For example loose batteries in a pocket
or coins;’can be short-circuited. This can result in venting, leakage, explosion, firg
nal(injury.

gure 9 — Example for warning against'swallowing, particularly coin cell batteries

1 [19]]

ttery

can

with

with
and

e) D

a a
\AR A

Attempting to charge a non-rechargeable (primary) battery can cause internal gas and/or heat
generation resulting in leakage, venting, explosion, fire and personal injury.

f) Do not force discharge batteries

When batteries are force discharged by means of an external power source, the voltage of the
battery will be forced below its design capability and gases will be generated inside the

batte

ry. This can result in leakage, venting, explosion, fire and personal injury.

g) Do not mix new and used batteries or batteries of different types or brands

When replacing batteries, replace all of them at the same time with new batteries of the same
brand and type. When batteries of different brand or type are used together or new and used
batteries are used together, some batteries might be over-discharged / force discharged due
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to a difference of voltage or capacity. This can result in leakage, venting, explosion or fire,
and can cause personal injury.

h) Exhausted batteries should be immediately removed from equipment and properly
disposed of

When discharged batteries are kept in the equipment for a long time, electrolyte leakage can
occur causing damage to the equipment and/or personal injury.

i) Do not heat batteries

When a battery is exposed to heat, leakage, venting, explosion or fire can occur and cause
persgnal injury.

Jj) Do not weld or solder directly to batteries

The lheat from welding or soldering directly to a battery can cause leakage, venting, explpsion
or firg, and can cause personal injury.

k) Do not dismantle batteries

When a battery is dismantled or taken apart, contact with the components can be harmfu] and
can gause personal injury or fire.

) Do not deform batteries

Battdries should not be crushed, punctured, or otherwise mutilated. Such abuse can dause
leakgge, venting, explosion or fire, and can cause personal injury.

m) Do not dispose of batteries in fire
When batteries are disposed of in fire, the heat build-up can cause explosion and/or firg and
persaonal injury. Do not incinerate batteries except for approved disposal in a controlled
incingrator.

n) A lithium battery with a damaged-.container should not be exposed to water

Lithim metal in contact with .water can produce hydrogen gas, fire, explosion and/or dause
persanal injury.

o) Do not encapsulate.and/or modify batteries

Encapsulation or any,other modification to a battery can result in blockage of the pressure
relieff mechanism(s)-and subsequent explosion and personal injury. Advice from the battery
manyfacturer shiould be sought if it is considered necessary to make any modification.

p) Store _unused batteries in their original packaging away from metal objects. If alfeady
unpacked, do not mix or jumble batteries

Unpacked batteries could get jumbled or get mixed with metal objecis such as keys, coins,
etc. This can cause battery short-circuiting which can result in leakage, venting, explosion or
fire, and personal injury. One of the best ways to prevent this from happening is to store
unused batteries in their original packaging.

q) Remove batteries from equipment if it is not to be used for an extended period of time
unless it is for emergency purposes

It is advantageous to remove batteries immediately from equipment which has ceased to
function satisfactorily, or when a long period of disuse is anticipated (e.g. camcorders, digital
cameras, photoflash, etc.). Although most lithium batteries on the market today are highly
leak resistant, a battery that has been partially or completely exhausted might be more prone
to leak than one that is unused.
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7.3 Packaging

The packaging shall be adequate to avoid mechanical damage during transport, handling and
stacking. The materials and packaging design shall be chosen so as to prevent the
development of unintentional electrical contact, short-circuit, shifting and corrosion of the
terminals, and afford some protection from the environment.

7.4 Handling of battery cartons

Battery cartons should be handled with care. Rough handling might result in batteries being
short-circuited or damaged. This can cause leakage, explosion, or fire.

7.5 | Transport
7.51 General

RegJlations concerning international transport of lithium batteries are based on the UN
Recdmmendations on the Transport of Dangerous Goods [21].

RegJlations for transport are subject to change. For the transport of lithium batteries|, the
latest editions of the following regulations should be consulted.

Testihg requirements are defined in the UN Manual of Tests &{Criteria [22]. As regulations are
subjgct to change, the latest editions should be consulted.

For reference, transportation tests are also given in J£C'62281 [12].

7.5.2 Air transport

RegJlations concerning air transport of dithium batteries are specified in the Technical
Instriictions for the Safe Transport of Dangerous Goods by Air published by the Internafional
Civil JAviation Organization (ICAO) [2] .@nd in the Dangerous Goods Regulations published by
the International Air Transport Association (IATA) [1].

7.5.3 Sea transport

Regylations concerning sea transport of lithium batteries are specified in the Interna:lional
Maritime Dangerous_<«Goods (IMDG) Code published by the International Mallitime
Orgapization (IMO) [13].

7.5.4 Land transport

Regylations>concerning road and railroad transport are specified on a national or multilateral
basid. While an increasing number of regulators adopt the UN Model Regulations [21]] it is
recommended that country-specific transport regulations be consulted before shipping.

7.6 Display and storage
a) Store batteries in well ventilated, dry and cool conditions

High temperature or high humidity can cause deterioration of the battery performance and/or
surface corrosion.

b) Do not stack battery cartons on top of each other exceeding a specified height

If too many battery cartons are stacked, batteries in the lowest cartons might be deformed
and electrolyte leakage can occur.

¢) Avoid storing or displaying batteries in direct sun or in places where they get exposed to
rain
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When batteries get wet, their insulation resistance might be impaired and self-discharge and
corrosion can occur. Heat can cause deterioration.

d) Store and display batteries in their original packing

When batteries are unpacked and mixed they can be short-circuited or damaged.
See Annex C for additional details.

7.7 Disposal

Battgries may be disposed—of via commumnal Tefuse arrangements provided o tocalr tufes to
the cpntrary exist.

Durirlg transport, storage and handling for disposal, the following precautions) should be
cons|dered:

a) Do not dismantle batteries

Someg ingredients of lithium batteries might be flammable or harmful.(\hey can cause injuries,
fire, fupture or explosion.

b) Do not dispose of batteries in fire except under conditions’ of approved and contnolled
incineration

-~

Lithium burns violently. Lithium batteries can explod€vin a fire. Combustion products [from
lithium batteries can be toxic and corrosive.

c) Store collected batteries in a clean and dry.ehvironment out of direct sunlight and away
from extreme heat

Dirt and wetness might cause short-circuits and heat. Heat might cause leakage of flammable
gas. [This can result in fire, rupture or explosion.

d) Store collected batteries in a well-ventilated area

Used batteries might contain a.fesidual charge. If they are short-circuited, abnormally chgrged
or force discharged, leakage)'of flammable gas might be caused. This can result in| fire,
rupture or explosion.

e) Do not mix collected batteries with other materials

Used batteries might contain residual charge. If they are short-circuited, abnormally chgrged
or fofce discharged, the generated heat can ignite flammable wastes such as oily rags, paper
or wqod and.cause a fire.

f) Rrotect battery terminals

Protection of terminals should be considered by providing insulation, particularly for those
batteries with a high voltage. Unprotected terminals might cause short-circuits, abnormal
charging and forced discharge. This can result in leakage, fire, rupture or explosion.

8 Instructions for use

a) Always select the correct size and type of battery most suitable for the intended use.
Information provided with the equipment to assist correct battery selection should be
retained for reference.

b) Replace all batteries of a set at the same time.
c) Clean the battery contacts and also those of the equipment prior to battery installation.
d) Ensure that the batteries are installed correctly with regard to polarity (+ and —).
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e) Remove exhausted batteries promptly.

9 Marking and packaging

9.1

General

With the exception of swallowable batteries (see 9.2), each battery shall be marked with the
following information:

a) designation, IEC or common;

b) e

c) p
d) n
e) n
fy ¢

See

9.2

For s
desid
mark
inten

be marked on the immediate package:

a) ¢

Swal

b) c
See

9.3

Safef
advig

he year and month or week of manufacture may be in code;

autionary advice.

[able 9 under “General” for a summary of the marking requirements.

Swallowable batteries

wallowable batteries i.e. those that fit entirely within the Ingestion Gauge (Figure §
nation 9.1 a) and the polarity 9.1 c) shall be marked on the battery, while all

ngs shown in 9.1 may be given on the immediate package. However, when batterie
ded for direct sale in consumer-replaceable applications, caution for ingestion shall

aution for ingestion of swallowable batteries, see also 7.2 a) and Annex F.

nild resistant packaging.

acture.

) the
bther
5 are
also

owable batteries that are intended;for direct sale in consumer-replaceable applicdtions
and have a diameter of 16 mm or more’shall be packaged in:

[able 9 under “Swallowable” for a summary of the marking and packaging requiremepts.

Safety pictograms

y pictograms_that could be considered for use as an alternative to written cautic
e are provided in Annex D.

nary
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Table 9 — Marking and packaging requirements

List item General Swallowable
d<16 mm 16 mm =<d <20 mm d220 mm
a) Designation, IEC or common B B B B
b) Expiration of a recommended usage
period or year and month or week of B
manufacture. The year and month or
week of manufacture may be in code
c) Polarity of the positive (+) terminal B B B B
d) Ndminal voltage B
e) Ngme or trade mark of the manufacturer B
or[supplier
f) C4qutionary advice B
g) Cd4ution for ingestion of swallowable p1) p1) B 4 p1
batteries, see also 7.2 a) and Annex F
h) CHild resistant packaging n/a n/a R R
") Thie transition period for this requirement is 2 years from the publication date of\the fifth edition of this part of
IEf 60086.
Key:
d: Diameter
Marking required on cell / battery
Marking required on immediate packaging
Child resistant packaging
n/a: Not applicable

empty|

Marking may appear on (cell / battery and/or) immediate packaging
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Annex A

(informative)

Guidelines for the achievement of safety of lithium batteries

The guidelines given in Table A.1 were followed during the development of high power
batteries for consumer use. They are given here for information.

Table A.1 — Battery design guidelines

quality

Reject defects by the inspection

CAANIFLE
Design Prevent abnormal temperature rise of High current drain can result in.a fapid
the battery by incorporating a current temperature increase in the.lithium
limitation battery. The designer shotld-make
sure that the current drain, is
controlled by design-One method|that
has been used successfully is the
incorporation ofja‘resettable PTC
which activates rapidly when the
battery is exposed to a current drgin
exceedingnits’' design criteria.

Provide intrinsic current limitation In theidesign of the battery, the
designer should make sure that thle
current flow is limited if the batter
temperature rises above its desig
criteria. One method that has beep
used successfully is to incorporat¢ a
separator system whose ability to
pass current is significantly reduced
with excess temperature.

Prevent explosion of the battery'by a Lithium batteries are tightly sealed to
means to release internakpressure prevent leakage. Therefore, the
e.g. when temperature rises design of the battery should prOVi le a
excessively. method to release excessive interpal
pressure. This should occur at a
temperature range consistent with| the
battery’s design criteria
Pilot Confirm thatyactual batteries can be Establish necessary precautions
production produced‘according to design quality
Mass Mass production of batteries Request equipment manufacturers to
production according to design quality carefully observe the precautiops
Reject defects in the production Make this information available to end
process users
Inspection Confirm that batteries meet design
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Guidelines for designers of equipment using lithium batteries

Table B.1 represents a typical, but non-exhaustive, list of good advice to be provided by the
manufacturer of primary lithium cells and batteries to equipment manufacturers and battery
assemblers (see also IEC 60086-5:2016 [8], Annex B, for guidelines for the design of battery

compartments).
Table B.1 — Equipment design guidelines (7 of 2)
Possible consequeéences if[the
Item Sub-item Recommendations recommendations are npt

observed

(1) When a lithium
battefy is used as
main|power source

(1.1) Selection of a
suitable battery

Select most suitable battery for
the equipment, taking note of its
electrical characteristics

Battery might oyerheat

(1.2) Number of
batteries (series
connection or
parallel?
connection) to be
used and method of
use

a) Multicell batteries (2CRS5,
CR-P2, 2CR13252 and
others); one piece only

b) Cylindrical batteries
(CR17345 and others); less
than three pieces

c) Coin type batteries\(CR2016,
CR2025, CR11408,and
others); lessthan three
pieces

d) When more than one battery
is used,different types
should not be used in the
same battery compartment

If the capacity of batteries in
series connection is different| the
battery with the lower capacify
will be overdischarged. This ¢an
result in electrolyte leakage,
overheating, rupture, explosipn or
fire

e)~\ When batteries are used in
parallel® protection against
charging should be provided

If the voltages of batteries in
parallel connection are differgnt,
the battery with the lower volfage
will become charged. This can
result in electrolyte leakage,
overheating, rupture, explosipn or
fire

(1.3) Design of
battery circuit

a) Battery circuit should be
isolated from any other power
source

Battery might be charged. Thiis
can result in electrolyte leakgge,

overheating, rupture, explosipn or
fire

b) Protective devices such as
fuses should be incorporated
in the circuit

Short-circuiting a battery can|
result in electrolyte leakage,
overheating, rupture, explosipn or
fire

(2) When a lithium
battery is used as
back-up power
source

(2.T) Design of
battery circuit

The battery should be used In a
separate circuit so that it is not
force discharged or charged by
the main power source

Battery might be over-discharged
to reverse polarity or charged.
This can result in electrolyte
leakage, overheating, rupture,
explosion or fire

(2.2) Design of
battery circuit for
memory back-up
application

When a battery is connected to
the circuit of a main power source
with the possibility of being
charged, a protective circuit is
necessary with a combination of
diode and resistor. The
accumulated amount of the
leakage current of the diode
should be below 2 % of the
battery capacity during expected
life time

Battery might be charged. This
can result in electrolyte leakage,
overheating, rupture, explosion or
fire

8 See7.1.3
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Table B.1 (2 of 2)

Item

Sub-ltem

Recommendations

Possible consequences if the
recommendations are not
observed

(3) Battery holder and battery

compartment

a) Battery compartments should
be designed so that if a
battery is reversed, open
circuit is achieved. Battery
compartments should be
clearly and permanently
marked to show the correct

Unless protection is provided
against battery reversal, damage
to equipment can occur from
resultant electrolyte leakage,
overheating, rupture, explosion or
fire

; e PR T
orretatoT OT- DatteTrIesS

b) Battery compartments should
be designed so that batteries
other than the specified size
cannot be inserted and make
contact

Equipment might be damaged or
might not operate

c) Battery compartments should
be designed to allow
generated gases to escape

d) Battery compartments should
be designed to be water
proof

e) Battery compartments should
be designed to be explosion
proof when tightly sealed

Battery compartments might pe
damaged. when internal presgure
of the(battery becomes too h{gh
due toygas generation

f)  Battery compartments should
be isolated from{heat
generated by.the equipment

Battery might be deformed and
leak electrolyte due to excessgive
heat

g) Battery compartments should
be designed so that they
cannot*easily be opened by
children

Children might remove battelfies
from the compartment and
swallow them

(4) Qontacts and terminals

a).\ ‘Material and shape of
contacts and terminals
should be selected so that
effective electric contact is
maintained

Heat might generate at the
contact due to insufficient
connection

b) Auxiliary circuit should be
designed to prevent reverse
installation of batteries

Equipment might be damaged or
might not operate

c) Contact and terminal should
be designed to prevent
reverse installation of
batteries

Equipment might be damaged.
Battery might cause electrolyte
leakage, overheating, rupturg,
explosion or fire

d) Direct soldering or welding to
a battery should be avoided

Battery might leak, overheat,
rupture, explode or catch fire

(5) lndieation of (5.1) On the Qrientation of batteries (polarity) | When a battery is inserted
necessary equipment should be clearly indicated at the |reverse and charged, it can result
precautions battery compartment in electrolyte leakage,
overheating, rupture, explosion or
fire
(5.2) In the Precautions for the proper Batteries might be mishandled

instruction manual

handling of batteries should be
indicated

and cause accidents
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Annex C
(informative)

Additional information on display and storage

2019

This annex provides additional details concerning display and storage of lithium batteries to
those already given in 7.6.

The storage area should be clean, cool, dry, ventilated and weatherproof.

For n
exce
sustz
pack
sunli

Altho
lowe
encld
be re
ambi

Battsg
temp

Batts
many

The
pack

ormal storage, the temperature should be between +10 °C and +25 °C and should\n
bd +30 °C. Extremes of humidity (over 95 % and below 40 % relative humidity
ined periods should be avoided since they are detrimental to both batteries
ngs. Batteries should therefore not be stored next to radiators or boilers for in ¢
jht.

ugh the storage life of batteries at room temperature is excellent, §térage is improv,
temperatures provided that special precautions are taken. The batteries shoul

tained to protect the batteries from condensation during the-time they are warmi
ent temperature. Accelerated warming is harmful.

ries which have been cold-stored may be put into use after return to am
erature.

ries may be stored fitted in equipment or packages, if determined suitable by the b3
facturer.

height to which batteries may be stacked is clearly dependent on the strength o
hging. As a general rule, this height’should not exceed 1,5 m for cardboard packag

3 m for wooden cases.

ever
) for
and
lirect

ed at
d be

sed in special protective packing (such as sealed plastic bags. or variants) which should

hg to

bient

ttery

f the
Bs or

The @above recommendations are‘equally valid for storage conditions during prolonged transit.

Thus
unve

Battg
centrn

batteries should be Stered away from ship engines and not left for long perio
htilated metal box cars (containers) during summer.

ries should be- dispatched promptly after manufacture and in rotation to distrib)

storalge areas and displays should be properly designed and packs adequately marked.

ds in

ution

es and on tonthe users. In order that stock rotation (first in, first out) can be praciised,
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Annex D
(informative)

Safety pictograms

Cautionary advice to fulfil the marking requirements in this standard has, on a historical basis,
been in the form of written text. In recent years, there has been a growing trend toward the

use C'F nictoarame-as a3 comnplamantarvy or altarnativa maane of nraoduct cafaty commiinica
Hoietogas—as—= Hpreehta ot atv-e-Hedhis—o+p Yo RHHHGS

ion.

The ¢bjectives of this annex are: (1) to establish uniform pictogram recommendationsth3
tied to long-used and specific written text, (2) to minimize the proliferation of safety picto
designs, and (3) to lay the foundation for the use of safety pictograms instead_ of written
to communicate product safety and cautionary statements.

NOTE| The design of these safety pictograms basically follows the design principlesAgid'down in [16] and

was, However, adjusted to the limitations existing for battery marking.

D.2 | Pictograms

roororotoaToTt

The pictogram recommendations and cautionary advice are~given in Table D.1.

Table D.1 — Safety pictograms (71 of 2)

t are
gram
text

18]. It

Refergnce

Safety pictogram

Cautionary advice

DONOT CHARGE

B| DO NOT DEFORM OR DAMAGE
G DO NOT DISPOSE OF IN FIRE
D DO NOT INSERT INCORRECTLY

NOTE The grey shading highlights a white margin appearing when the pictogram is printed on coloured or black

background.
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Table D.1 (2 of 2)
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Reference Safety pictogram Cautionary advice

E KEEP OUT OF REACH OF
CHILDREN
NOTE 1 See 7.2a) for critical safety
information
NOTE 2 This pictogram has been
submitted to ISO TC 145 for
standardisation in [18]

F DO NOT MIX DIFFERENT.TYPHS OR
BRANDS

€ DO NOT MIXYNEW AND USED

H DO NOT OPEN OR DISMANTLH

DO NOT SHORT CIRCUIT

INSERT CORRECTLY

NOTH The grey-shading highlights a white margin appearing when the safety pictogram is printed on coloufed or

black packgrotnd/

D.3 Instruction for use

The following instructions are provided for use of the safety pictograms.

a) Safety pictograms should be clearly legible.

b) Whilst colours are permitted, they should not detract from the information displayed. If
colours are used, the circle and diagonal bar of pictograms A to D and F to | should be red
and the background of pictograms E and J should be blue.

c) Not all of the safety pictograms need to be used together for a particular type or brand of
battery. In particular, safety pictograms D and J are meant as alternatives for a similar

purpose.
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E.1

Annex E
(normative)

Child resistant packaging of coin cells

General

Accidental ingestion of coin cells has become an object of public concern. When a coin cell
gets stuck in the oesophagus, its voltage in excess of 2 V causes the electrolysis of water and

the g
can (g

NOTE
within
past t

This

E.2

The following applies to consumer type coin cells with a diafmeter of 16 mm and larger.

enaration of hvdraovide—ions Thasca hudraovide—ions form o ctraona alkaling caliitian
SR HER—O T aroxa8—oRS—rB8S6—Hatextae—oRs— o —a—StHoRg—hkarie—561+uHo

Ingested button cells with less than 2 Volts do not exhibit the potential to cause severerghemical

e oesophagus and then allow them to naturally pass through the digestive tract.

Applicability

Th

)

a) Tngle cell packaging
e

ackaging for coin cells shall meet one of thexfollowing conditions:

Packaging requirements specified in any, of [24], [25], or [26]; or

ause chemical burns, perforation of soft tissue, and in severe cases can cause death.

and

burns

a short time. If such cells have been ingested, established medical practice is to monitor them until thpy get

Annex provides an approach for child resistant packaging of coin cells®in order to h¢lp in
preventing their accidental ingestion.

ii) The packaging strength shall be such’that the packaging passes the tests describjed in
E.3.

b) Multi-cell packaging
Each| cell containment in a multi=cell packaging shall be in compliance with a) even Wwhen
another cell containment is removed from the packaging.
E.3 | Packaging tests
E.3.1 General
The following. test methods were developed based on the analysis of the behaviour of chijdren
in a {est where they were required to try and open coin cell packagings within a limited ftime.
The fesis-shall be conducted by an instructed person or, alternatively, if necessary, using

suita

[e'equipment
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E.3.2 Test items
a) Bending test

Hold the packaging with the fingers of one hand and hold the cell with the fingers of the other
hand. Bend the packaging close to the battery until one hand touches the other hand as
shown in Figure E.1. This is a guide for the bending angle: 150° + 5° or more.

IEC

150° £5° 150° +5°

Figure E.1 — Bending test

b) Torsion test

Hold|the packaging with the fingers of one hand on each of itsOshorter sides and twist it
diaggnally with a torsion angle of 45° + 5° in opposite directions as shown in Figure| E.2,
threg times in both directions.

15t 2nd 31 time

S

45° +5° 45° £5°
45° £5° 45° £5°

IEC

Figure E.2 — Torsion test

c) Tlearing test

Try tp tear the‘cell compartment with your fingers as shown in Figure E.3. Alternatively use
suitaple equipment and apply a force of at least 25 N.

IEC

Figure E.3 — Tearing test
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d)

Pushing test

41 -

Try to push the cell out of the compartment with your fingers. Alternatively pull with a mass of
at least 5 kg for 30 s; as shown in Figure E.4.

E.3.

Sam

The

serie

E.3

Each

a)
b)

3 Test procedure

Table E.1 — Test procedure

/A i‘L %

Figure E.4 — Pushing test

ble packagings shall be tested in the condition of the packaging as sold to the consumer.
humber of test samples shall be 10 packagings. Each sample shall be subjected|to a
5 of tests in the order and frequence outlined in Table EvX

Order Test item Number of times
(1) a) Bending-test 50
(2) b) Torsion test 25
(3) c) Tearing test 1
(4) b) Torsion test 25
(5) a) Bending test 50
(6) c) Tearing test 1
(7) d) Pushing test 1

4 Criteria

packaging openings.

A
Y

Round

hole

(diameter)

test sample’shall meet the following criteria.

Hach celkshall be kept in its packaging until the end of the test series, and
order to prevent a Chl|d from puIIrng the cell out from its compartment the pack

ging
gis

6 mm d|ameter for a round hoIe and 10 mm Iength for a sI|t See Flgure E. 5 for maximum

Slit
\ (length)

A

IEC

Figure E.5 — Maximum packaging opening
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Annex F
(informative)

Use of the KEEP OUT OF REACH OF CHILDREN safety sign

General

2019

Accidental ingestion of coin cells has become an object of public concern. When a coin cell
gets stuck in the esophagus, its voltage in excess of 2 V causes the electrolysis of water and

the canarcﬂ-inn of hudraovide ione Thacsa hvdraoxide—ionse form a ctrana alkaling calutin
geretraton —Hetextao—1oRs—eS Hyetextae—1oRs—oH—a—StehRg— S O+

can gause chemical burns, perforation of soft tissue, and in severe cases can cause deat

The
child
usua

Ther
shou

F.2

Whe

reach of children, the following best practices apply. jThe safety sign recommendation
bnary advice for use on batteries and battery packagings are given in Table D.1, sjafety
F while warning text for safety information about battery handling is given in Figure 9.

cauti
sign
F.3

a)
b)

c) Tlhe size of the safety sigh;should be 6 mm in diameter or larger.
f the text KEEP OWT OF REACH OF CHILDREN is used, it should contrast wit

d)

o =

F.4

a) Hefer to.Table 9 for marking requirements on coin cells.
b) The, safety sign should be durably and indelibly marked. No colour is required. Engrg

e

— 0

gast 50 % of the area of the pictogram.

ot

nhew safety sign KEEP OUT OF REACH OF CHILDREN should give parents who
en a heads-up as a mandatory action sign even if intended products-are safe i
sense of adults.

pfore, purpose of the new safety sign is used to convey the message that these pro
d be kept out of reach of children in order to prevent accidentalingestion.

Safety sign

h a safety sign is used to convey the message that these products should be kept g

Best practices for marking the packaging

efer to Table 9 for marking requiréments on packaging.
he safety sign should be onxgontrasting background. The background should cov

ackground color enrwhich it is printed.

Best practices for marking the cell

and
.

have
n the

jucts

ut of
and

er at

n the

ving,

fching, embossing or stamping are acceptable.

NOTE Recommended safety signs are shown in Figure F.1. The manufacturer can select any of the safety signs.

O o

IEC IEC
Type 1 Type 2 Type 3

Figure F.1 — Recommended safety signs for use on coin cells

c) The safety sign on cells should have a diameter of 6 mm or larger.
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

IEC 60086-4
Edition 5.0 2019-04

PILES ELECTRIQUES -

Partie 4: Sécurité des piles au lithium

FEUILLE D'INTERPRETATION 1

Cettg feuille d’interprétation a été établie par le comité d'étudess35de I'lEC: Piles.

Le telxte de cette feuille d’interprétation est issu des documeénts suivants:

DISH Rapport de vote

35/1445/DISH 35/1448/RVDISH

Le ripport de vote indiqué dans le tableau cicdessus donne toute information sur le vote ayant
abouti a I'approbation de cette feuille d’interprétation.

publication indique qu'elle contient des couleurs qui sont considérées comme util¢s a
une|bonne compréhension de son contenu. Les utilisateurs devraient, par conséqu
imprimer cette publi¢ation en utilisant une imprimante couleur.

IMPIORTANT - Le logo “colour’inside” qui se trouve sur la page de couverture de cEtte

nt,

Question 1

En examinant I'lEC 60086-4 Edition 5.0 2019-04, j'ai pensé qu'il était difficile de comprendre
toutes les exigences de marquage pour les piles susceptibles d’étre ingérées, ainsi que le but
de ces exigences. Pouvez-vous fournir des explications détaillées?

Réponse 1

La liste d'énoncés suivante reflete I'objet du Tableau 9 et présente une interprétation de
certaines parties de I'Article 9 et de I'Annexe F:
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a) Le Tableau 9 vise a résumer les exigences contenues dans le texte, a savoir en 7.2 a), 9.1
et 9.2, et a I'Annexe F.

b) La structure du tableau 9 est similaire a celle de la liste figurant en 9.1 (points "a)" a "f)") et
en 9.2 (points "a)" a "b)").

c) Le point a) du 9.2 ne permet pas de savoir exactement ce qui doit figurer sur I'emballage et
sur la pile : le signe de sécurité seul (Tableau D.1, point E, ou Figure F.1) ou I'étiquette de
sécurité compléte du produit (Figure 9).

L'objet des mesures visant a prévenir l'ingestion accidentelle de piles est d'éliminer la
possibilité pour les enfants de se retrouver avec des piles coincées dans I'cesophage.

La plle exigeant des mesures pour prévenir l'ingestion accidentelle est une pile susceptible
d’étrg¢ ingérée, dont la taille correspond aux limites du gabarit d'ingestion et qui estappliquée
a la yente directe dans des applications remplagables par le consommateur, dans lesquelles
les epfants ont la possibilité d'accéder aux piles avec risque d'ingestion.

Il nelfigure pas, dans le texte, de description exigeant le marquage de Mis€ en garde cpntre
I'inggstion sur la pile ou I'élément de diamétre minimal de 20 mm. Toutéfois, compte tenu de
I'examen des mesures visant a prévenir l'ingestion accidentelle, il(a~été déterminé que le
marquage de "Mise en garde contre I'ingestion sur une pile ou un élément de diameétre minimal
de 20 mm est nécessaire et I'exigence correspondante figure dans le Tableau 9| Par
consgquent, un pictogramme doit étre gravé en remplacemént ’de la Mise en garde cpntre
I'inggstion due a une pile ou un élément de diametre minimal de 20 mm, qui ne dispose pas
d'esgace suffisant pour apposer le marquage.

Le type de "Mise en garde contre I'ingestion" qui doitfigurer sur I'emballage immédiat des|piles
risquant d’étre ingérées constitue I'un des signes _de sécurité, comme le I'indique la Figureg F.1.
Si I'e’FnbaIIage dispose de suffisamment d'espace, des informations supplémentaires selpn la
Figune 9 (I'étiquette de sécurité ou seulementssonh texte) peuvent étre imprimées sur I'embadlllage
ou lep informations de sécurité connexes portant sur la manipulation des piles.

Le Tlableau 1 de la présente Feuille d’Interprétation résume les exigences relativels au
marquage des piles boutons au lithiym.

Tapleau 1 — Exigences dé marquage relatives aux piles susceptibles d’étre ingérées

Diameétre Exigence(s)

d <16 mm Cansigne de prudence formulée par la mention TENIR HORS DE PORTEE DES ENFANTS
od le symbole de sécurité E du Tableau D.1 sur I'emballage immédiat.

16 mm < d < 20 mm> | Emballage a I'épreuve des enfants et consigne de prudence formulée par la mention [TENIR
HORS DE PORTEE DES ENFANTS ou le symbole de sécurité E du Tableau D.1 sur
I'emballage immédiat.

d =40 mm Emballage a I'épreuve des enfants, consigne de prudence formulée par la mention TENIR
HORS DE PORTEE DES ENFANTS ou le symbole de sécurité E du Tableau D.1 sur
fembattagemmediat, ettesymbote de—securite Edu Tabteau Dtsurtecotée positifde la

pile.

NOTE Le cas échéant, il convient que la consigne de prudence sous forme rédigée apparaisse dans une ou plusieurs
langues selon le marché sur lequel sont commercialisées les piles et batteries.

Question 2

Au point 9.2 et en particulier au point 9.2 a), il n'est pas aisé de saisir clairement quels types
de piles sont destinés a la vente directe dans des applications de remplacement par les
consommateurs?
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Réponse 2

Les piles dont il est question sont celles comportant un emballage ordinaire, tel que les blisters,
en vente dans les magasins et sur Internet, les piles contenues dans I'emballage de
I’équipement correspondant et les piles intégrées dans I’équipement et qui peuvent étre

remp

lacées par le consommateur.

Question 3

L’Annexe F est indiquée comme étant "Informative"; toutefois, la mention "exigences" figure

dans letitre-du-—Tableau-9. Q’Qgiecanf duTahloas O7 fauteil considdérer 'Annave F comme 'tant
"normative"?

Répgnse 3

L'annexe F contient des éléments supplémentaires; le texte principal figurant dans le corps de

la no

Fme prévaut sur ceux-ci. Par conséquent, méme si ’Annexe F est informative, le coptenu
figurant dans le Tableau 9 doit étre considéré comme étant des exigences.

Question 4

Dang I'E.3.2 b), la méthode d'essai de torsion est difficilement compréhensible. La méthode
cons|stant a tordre I’emballage "trois fois dans les deux sens" n’est pas claire.

Répgnse 4

Les ipstructions ci-aprés précisent la méthode et\le nombre de torsions de I'emballage et|dans
quel J'ordre procéder.

(1) Premiére fois — Tenir I'emballage ave@ies doigts d'une main sur chaque c6té court en pgrtant
de I'¢tat de 0 degré (état neutre sans torsion). Tordre I'emballage suivant sa diagonale en
applipuant un angle de torsion de 45° dans les sens opposés, comme cela est représente a la
Figune E.2.

(2) Dpuxiéme fois — Tordre I'emballage suivant sa diagonale en appliquant un angle de 909 (45°
vers |'arriére + 45° dans:le sens opposé) dans des directions opposées a celle de la premiére
torsign

(3 Tioisieéme fais'- Retour & I'état neutre sans torsion (45° vers l'arriére)

(#) Lg¢s motvements (1), (2) et (3) sont comptés comme 1 fois (1 réciprocité) et sont répétés 25

fois (

P 5 réciprocités).

La Figure 1 de la présente feuille d’Interprétation représente les mouvements de I'essai de
torsion. Les lignes rouges et bleues représentent le bord gauche et le bord droite de
’emballage. Les triangles et les cercles ont été ajoutés pour repérer l'orientation pendant les
mouvements.
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Tenir ’emballage Vue en perspective
Gauche A _~__ Droite Avant Apres (1) Aprés (2) Aprés (3)
Vi@ 0 °
i [\& /I V¥ P ,.é _//E\ 2
\ — W ¥y o A —— ) @ z!
.\ /| ’ " | Lji o4 \*\g_ir_o \/;fji /
/ A
(4) Répéter les processus (1) a (3) 25 fois
Vue du c6té droite
Avant Apres (1) Aprés (2) Aprés (3)
AVLNY R
4 Q
R \><j XY A
A () (@) A
IEC
Figure 1 — Essai de torsion
Quesgtion 5

D'aptés le 9.2 b), le Tableau 9 et I'annexe E, il n'est pas facile de déterminer quelle gst la

période de transition concernant l'exigence portant sur les "emballages a |'épreuve

enfanpts" ?

Répgnse 5

des

La durée de transition est la méme\que pour les exigences portant sur le marquage et
I'emhallage, a savoir 2 ans a compter de la date de publication de la cinquiéme éditign de

I'IEC|60086-4.
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

PILES ELECTRIQUES -

Partie 4: Sécurité des piles au lithium

VANT-PROPOS

T T v 71Xt LI .~

Lal] Commission Electrotechnique Internationale (IEC) est une organisation mondiale de notmali
composée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC)NEHEC

objet de favoriser la coopération internationale pour toutes les questions de normalisation daqs)les donj
del|l'électricité et de I'électronique. A cet effet, I''EC — entre autres activités — publie des Normes internati
dep Spécifications techniques, des Rapports techniques, des Spécifications accessibles au,'‘public (PAS)
ides (ci-aprés dénommeés "Publication(s) de I'lEC"). Leur élaboration est confiée a des‘comités d'étude
aux desquels tout Comité national intéressé par le sujet traité peut participer. Les organis|

éressés sont représentés dans chaque comité d’études.

Lep Publications de I''EC se présentent sous la forme de recommandations internationales et sont ag
comme telles par les Comités nationaux de I'lEC. Tous les efforts raisonnables sont entrepris afin qug
s'dssure de I'exactitude du contenu technique de ses publications; I'lEC ne peut pas étre tenue responsa
I'éyentuelle mauvaise utilisation ou interprétation qui en est€ait& par un quelconque utilisateur final.

Dgns le but d'encourager l'uniformité internationale, les «Comités nationaux de I'lEC s'engagent, dans tg
mesure possible, a appliquer de fagon transparente les‘Publications de I'lEC dans leurs publications nati
et|régionales. Toutes divergences entre toutes Publications de I'lEC et toutes publications national
régionales correspondantes doivent étre indiquées‘en termes clairs dans ces derniéres.

L'lEC elle-méme ne fournit aucune attestationide conformité. Des organismes de certification indéper
foyrnissent des services d'évaluation de conformité et, dans certains secteurs, accédent aux marqu
cophformité de I'lEC. L'IEC n'est responsable d'aucun des services effectués par les organismes de certifi
ingépendants.

Tous les utilisateurs doivent s'assurer-qu'ils sont en possession de la derniére édition de cette publication|.

y ¢ompris ses experts particuliers et les membres de ses comités d'études et des Comités nationaux de
popr tout préjudice causé en cas de dommages corporels et matériels, ou de tout autre dommage de q
nafure que ce soit, directe’ ou indirecte, ou pour supporter les colts (y compris les frais de justice)
dépenses découlant.de lla publication ou de l'utilisation de cette Publication de I'lEC ou de toute
Pdblication de I'lEC,‘ou au crédit qui lui est accordé.

L'dttention est attirée sur les références normatives citées dans cette publication. L'utilisation de publid
référencées estobligatoire pour une application correcte de la présente publication.

L'dttention.est)attirée sur le fait que certains des éléments de la présente publication de I'lEC peuven
I'opjet de*droits de brevet. L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels
de|brevets et averti de leur existence.
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Cette cinquiéme édition annule et remplace la quatriéme édition parue en 2014 dont elle
constitue une révision technique.

La présente édition inclut les modifications techniques majeures suivantes par rapport a
I'édition précédente:

a)
b)

c)
d)

Mise a jour des critéres pour une explosion;

Ajout de paramétres pour I'essai de décharge excessive des piles des types FR14505 et

FR10G445;
Ajout d'un nouveau paragraphe 5.1 Validité des essais;
mise a jour du pictogramme E dans le Tableau D.1;
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e) Ajout de I'Annexe E avec des exigences relatives aux emballages a I'épreuve des enfants

dl

éléments de type bouton;

f) Ajout de I'Annexe F avec des recommandations sur l'utilisation du signal de sécurité
TENIR HORS DE PORTEE DES ENFANTS.

Le texte de cette norme est issu des documents suivants:

FDIS Rapport de vote
35/1420/FDIS 35/1423/RVD

Le rdpport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant

abou

Cette

NOTE|

— ing

i a l'approbation de cette norme.

publication a été rédigée selon les Directives ISO/IEC, Partie 2.

Les caracteres d’'imprimerie suivants sont utilisés:

tructions/avertissements pour les consommateurs: en caracteres italiques.

Une |iste de toutes les parties de la série IEC 60086, publiées;sous le titre général [Piles
électriques, peut étre consultée sur le site web de I'lEC.

Le comité a décidé que le contenu de cette publication nelsera pas modifié avant la daje de
stabilité indiquée sur le site web de I'lEC sous "httpi//webstore.iec.ch" dans les données
relatives a la publication recherchée. A cette date, la publication sera

* regconduite,

* supprimée,

* remplacée par une édition révisée, ou

* amendée.

Le contenu des corrigenda d'octobre 2019 et avril 2020 et la feuille d'interprétation dg mai
2020[a été pris en considération dans cet exemplaire.

IMPORTANT - Le logo,*“colour inside"” qui se trouve sur la page de couverture de cptte
publjcation indique qu'elle contient des couleurs qui sont considérées comme utilés a

une
impr

bonne compréhension de son contenu. Les utilisateurs devraient, par conséqu
mer cetté publication en utilisant une imprimante couleur.

ent,
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INTRODUCTION

La notion de sécurité est étroitement liée a la sauvegarde de I'intégrité des personnes et des
biens. Le présent document spécifie les essais et les exigences pour les piles au lithium et
elle a été établie conformément aux lignes directrices ISO/IEC, en prenant en compte toutes
les normes nationales et internationales qui s'appliquent.

Les piles au lithium sont différentes des piles électriques conventionnelles utilisant un
électrolyte aqueux dans la mesure ou elles contiennent des matériaux inflammables.

Par
conception, la product|on la distribution, I'utilisation et la mise au rebut des piles au-lithium.
Compte tenu de leurs caractéristiques spécifiques, les piles au lithium pour les applicdtions
grand public étaient a 'origine de petite taille et de faible puissance. Il existait également des
piles|au lithium de forte puissance qui étaient utilisées pour des applications.industrielles et
militdires particuliéeres dont l'une des particularités était d’étre “remplagables par un
technjicien”. La premiére édition du présent document avait été rédigée. pour prendre en
compte cette situation.

Cepgndant, depuis la fin des années 1980 environ, des piles au lithivm de forte puissancg ont
commencé a étre largement utilisées sur le marché de (remplacement grand public,
princjpalement en tant que source d'énergie dans les appareils’de prise de vues. La demjande
pour|de telles piles au lithium de forte puissance ayant augmenté de maniére significative,
difféents fabricants ont commencé a en produire. Pap conséquent, les aspects de ségurité
relatifs aux piles au lithium de forte puissance ontcsété inclus dans la seconde éditign du
présg¢nt document.

Les piles au lithium, tant pour les applications grand public que pour les applicdtions
indugtrielles, sont des produits du marché dorit' la sGreté et la fiabilité sont bien établies, cela
étanf| dd, au moins en partie, a l'existence de normes de sécurité telles que le pre¢sent
document et, pour le transport, de I'lEC62281. La quatrieme édition du présent documept ne
reflefe donc que les modifications mineures qui étaient devenues nécessaires pour qu'elle
restel harmonisée avec I'lEC 62284 (et pour continuer a améliorer les informations destinges a
l'utiligateur touchant les questions.de sécurité.

Les lignes directrices relatives aux questions de sécurité au moment de la conceptior] des
piles| au lithium sont données dans I'’Annexe A. L’Annexe B donne des lignes direcfrices
relatives aux questions)yde sécurité au moment de la conception des matériels dans lesquels
sont finstallées des (piles au lithium. Les deux Annexes A et B refletent I'expérience acquise
avec|les piles au.lithium utilisées dans les applications pour les appareils de prise de vues et
sont fondées sur-le document de référence [22]1.

La sécuritéest I'absence de risques inacceptables. La sécurité absolue ne peut pas exisjer: il
subs|ste tOUJours un r|sque De ce fait, un prodwt un procede Oou un service ne peut étre sar
que ucT IIIGIIIUIC ICIGLIVU I_G OC\JUIILU GOL UULUIIUU <l ICUUIOGIIL IG IIO\.'UG G Ut IIIVUGU LUIU able
déterminé par la recherche d’'un équilibre optimal entre I'idéal de sécurité absolue et les
exigences auxquelles doit répondre un produit, un procédé ou un service, et des facteurs tels
que le bénéfice pour l'utilisateur, 'adéquation a 'usage prévu, la rentabilité et les conventions
de la société concernée.

Dans la mesure ou la sécurité pose différents problémes, il est impossible d’établir une liste
de dispositions et de recommandations précises qui s’appliqguent dans tous les cas.
Cependant, s'il est suivi de maniére judicieuse en fonction de son applicabilité, le présent
document constitue une référence raisonnable et cohérente en matiere de sécurité.

1 Les chiffres entre crochets se référent a la Bibliographie.
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Partie 4: Sécurité des piles au lithium

1 Domaine d'application

2019

La présente partie de I'lEC 60086 spécifie les essais et les exigences pour les piles

élect
d’util

NOTE
toutes|
égale

sation prévue et en cas de mauvais usage raisonnablement prévisible.

Les piles électriques au lithium qui sont normalisées dans I'lEC 60086-2 sont prévuesypour satisf
les exigences applicables ci-dessous. Il est entendu que la présente partie de I[IEC'60086 p
hent étre prise en compte pour mesurer les piles électriques au lithium non normalisees et/ou s'a

qu'ellgs sont sures. Dans les deux cas, il n'existe aucune déclaration ou garantie que layconformité ou I3
confomité a la présente norme répondra ou ne répondra pas aux objectifs ou aux~sbesoins particulig
I'utilisgteur.

2 éférences normatives

Les
des
s'apg
s'apq
IEC ¢

IEC ¢

3 1
Pour

L'1SQ
en n(

B

[«

(v

NOTE
aprés

exigences du présent document. Pour les référehces datées, seule [I'édition
lique. Pour les références non datées, la derniére édition du document de réfén
lique (y compris les éventuels amendements).

0086-1, Piles électriques — Partie 1: Généralités

0086-2, Piles électriques — Partie 2: . Spécifications physiques et électriques

[ermes et définitions
les besoins du présent,document, les termes et définitions suivants s'appliquent.

et I'lEC tiennent_ajour des bases de données terminologiques destinées a étre util
rmalisation, consultables aux adresses suivantes:

EC Electropedia: disponible a I'adresse http://www.electropedia.org/
5O Online\browsing platform: disponible a I'adresse http://www.iso.org/obp

Certaines définitions tirées de I'lEC 60050-482, de I'l[EC 60086-1 et du Guide ISO/IEC 51 sont répétd
dans un souci de commodité.

rigues au lithium afin d’assurer leur fonctionnement en toute sécurité dans les conditions

aire a
burrait
Bsurer

non-
rs de

ocuments suivants cités dans le texte constituent, pourtout ou partie de leur confenu,

citée
ence

sées

es ci-

3.1
pile

un ou plusieurs éléments raccordés électriqguement et placés dans un boitier, avec des
bornes, des marquages et des dispositifs de protection, etc., selon ce qui est nécessaire pour
['utilisation

[SOURCE: IEC 60050-482:2004, 482-01-04, modifiée ("équipés des dispositifs nécessaires
pour I'emploi, par exemple boitier" remplacé par "raccordés électriquement et placés dans un
boitier", ajout de "etc., selon ce qui est nécessaire pour I'utilisation")]
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3.2

élément
unité fonctionnelle de base, consistant en un assemblage d’électrodes, d’électrolyte, de
conteneur, de bornes et généralement de séparateurs, qui est une source d’énergie électrique
obtenue par transformation directe d’énergie chimique

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

3.3
bout

on au lithium <élément ou pile>

petit élément rond ou petite pile ronde d'une hauteur totale inférieure _a son diameétre,
contgnant un électrolyte non aqueux

Note

a l'article: Typiquement, la tension nominale des piles au lithium est supérieure a 2 V.

[SOURCE: IEC 60050-482:2004 482-02-40, modifiée (termes modifiés, NOTE("Enh pratiq
term¢ élément bouton est utilisé exclusivement pour les piles au lithiumis-non aque
remplacée par une nouvelle note)]

3.4

élém

élém

3.5

lent composant
ent contenu dans une pile

<élément ou pile> cylindrique

elem

[soy
remp

3.6

ent rond ou pile ronde dont la hauteur totale est’supérieure ou égale au diameétre

RCE: IEC 60050-482:2004, 482-02-39, “inodifiee ("élément de forme cylindr
lacé par "élément rond ou pile ronde")]

profondeur de décharge

DOD
pour

Note
Disch

3.7
com

entage de capacité assignée-déchargée d’une pile

a l'article: L’abréviation «DOD» est dérivée du terme anglais développé correspondant «Def
rge».

bléetement déchargé

état d’'un élémentou d’une pile a une profondeur de décharge de 100 %

3.8
dom

blesg

mage
ure” physique ou atteinte a la santé des personnes, ou atteinte aux biens

e, le
ses"”

que

th Of

bu a

I’environnement

[SOURCE: Guide ISO/IEC 51:2014, 3.1]

3.9

danger
source potentielle de dommage

[SOURCE: Guide ISO/IEC 51:2014, 3.2]
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3.10

utilisation prévue

utilisation conforme aux informations fournies avec un produit ou un systéme ou, en I’absence
de telles informations, conforme aux profils d’utilisation généralement entendus

[SOURCE: Guide ISO/IEC 51:2014, 3.6]
3.1

grande pile
pile dont la masse brute est supérieure a 12 kg

3.12
grang élément
élémpent dont la masse brute est supérieure a 500 g

3.13
élémient au lithium
élément contenant un électrolyte non aqueux et dont I'électrode négative est constituge de
lithium ou en contient

[SOYRCE: IEC 60050-482:2004 482-01-06, modifiée (suppression de la NOTE)]

3.14
tensfon nominale
valeyr approchée appropriée d’une tension, utiliséepour désigner ou identifier un élément,
une pile, ou un systéme électrochimique

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

3.15
tension en circuit ouvert
OCV| Ugc, tension a vide
tensipn électrique aux bornes .d’'un élément ou d'une pile en I'absence de circulation de
courant externe

Note 1 a l'article: L’abréviation «OCV» est dérivée du terme anglais développé correspondant «Open Circuit
Voltage».

[SOYRCE: IEC 60050-482:2004, 482-03-32, modifiée (termes "OCV, Ugc, tension a yide"
ajoutgs, "quand de\courant de décharge est nul" remplacé par "en 'absence de circulatign de
courant externel)]

3.16
parallélepipédique <élément ou pile>
qualiffe un éfément ou une batterle ayant fa forme d'Un paratietepipede dont ies faces sont
rectangulaires

[SOURCE: IEC 60050-482:2004, 482-02-38]

3.17

dispositif de protection

dispositifs tels que les fusibles, les diodes ou d'autres limiteurs de courant électriques ou
électroniques, congus pour interrompre la circulation du courant, bloquer la circulation du
courant dans un sens ou limiter la circulation de courant dans un circuit électrique
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3.18

capacité assignée

valeur de la capacité d'un élément ou d'une batterie déterminée dans des conditions
spécifiées et déclarée par le fabricant

[SOURCE: IEC 60050-482:2004, 482-03-15, modifiée ("élément ou" ajouté)]

3.19

mauvais usage raisonnablement prévisible

utilisation d'un produit, d'un procédé ou d'un systéme dans des conditions ou a des fins non
prévues par le fournisseur, mais qui peut provenir d’'un comportement humain envisageable

[SOURCE: Guide ISO/IEC 51:2014, 3.7, (suppression des notes)]

3.20
risqye
combinaison de la probabilité d’'un dommage et de sa gravité

[SOURCE: Guide ISO/IEC 51:2014, 3.9, (suppression de la note)]

3.21
sécufrité
absence de risque intolérable

[SOYRCE: Guide ISO/IEC 51:2014, 3.14]

3.22
non gdéchargé
état ¢’un élément ou d’une pile électrique a“une profondeur de décharge de 0 %

4 Exigences relatives a la sécurité

4.1 Conception

Les piles au lithium sont classées en fonction de leur composition chimique (anode, cathode,
électrolyte), de leur construction interne (bobine, spirale) et sont disponibles dans| des
configurations cylindfiques, de type bouton, et parallélépipédiques. Il est nécessairg de
prendre en compte tous les aspects de sécurité correspondants, au moment de la conceltption
de la| pile, en intégrant le fait qu’ils peuvent considérablement différer, en fonction du systéme
au lithium mis_en-ceuvre, de la puissance et de la configuration de la pile.

Les potions suivantes de conception pour assurer la sécurité sont communes a toutep les
piles|ay lithium:

a) Un échauffement anormal dépassant la valeur critique définie par le fabricant doit étre
évité par la conception.

b) Les augmentations de température a l'intérieur de la pile doivent étre maitrisées par une
conception qui limite la circulation du courant.

c) Les éléments et les piles au lithium doivent étre congus pour éviter des pressions internes
excessives ou pour empécher une rupture violente pendant le transport, I'utilisation
prévue et un mauvais usage raisonnablement prévisible.

Voir 'Annexe A pour les lignes directrices a suivre afin d'assurer la sécurité des piles au
lithium.
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Plan qualité

2019

Le fabricant doit préparer et mettre en ceuvre un plan qualité définissant les procédures pour
le contréle des matériaux, composants, éléments et piles au cours de la fabrication, devant
étre appliquées au processus complet de production d’'un type spécifique de pile. Il convient
que les fabricants comprennent leurs capacités opérationnelles de processus et il convient
qu'ils engagent les contréles de processus nécessaires dans la mesure ou ils sont liés a la

sécu

rité des produits.

5 Essais de type et échantillonnage

5.1

Les

Validité des essais

Bléments ou les piles au lithium doivent étre soumis aux essais conformément

exiggnces de la présente norme. Les essais restent valides tant que la conception o
exiggnces n'ont pas été modifiées. De nouveaux essais sont exigés lorsque:

a) u
v

he spécification de masse de pile varie de plus de 0,1 g ou 20 %,-1a plus grande
bleurs, pour la cathode, I'anode ou I'électrolyte;

b) |9 modification d'une spécification d'une pile entrainerait un échec des essais;

c) d

P nouveaux essais ou de nouvelles exigences sont ajoutés; ou

d) Ig9 modification d'une exigence entrainerait un échec des essais.

5.2

Il co
méth

Echantillons d’essai

hvient de prélever des échantillons dans les! lots de production conformément
pdes statistiques acceptées. Le nombre\~d’échantillons d’essai est donné

le Tableau 1. Les mémes éléments et piles, d’essai sont utilisés pour les essais A

Succ

FaM.

bssivement. Des éléments et des piles d*e€ssai neufs sont exigés pour chacun des e

Tableau 1 — Nombre d’échantillons d’essai

aux
U les

des

aux
dans

aE
5sais

Eléments et piles Piles comportant
Essais Etat.de décharge comportant un seul t P
oz a plusieurs éléments
élément
Non déchargé 10 4
Essais A2 E Complétement
. . 10 4
déchargé
Non déchargé 5 5 éléments
composants
Essai F or G
Compléetement 5 5 éléments
déchargé composants
- Compléetement an 10 éléments
=S5dl Il . . LAY
déchargé composants
Essais | a K Non déchargé 5 5
Essai L Non déchargé 20 (voir Note 1) n/a
Prédéchargés a 50 % 20 (voir Note 2) n/a
Essai M
Prédéchargés a 75 % 20 (voir Note 3) n/a
2 Dans le cas des piles comportant un seul élément qui a été soumis a essai, de nouveaux
essais ne sont pas exigés, sauf si la modification est susceptible de conduire a un échec
de I'un quelconque des essais.
Légende:
n/a: non applicable
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NOTE 1
ensembles).

ensembles).

ensembles).

Quatre piles connectées en série avec l'une des quatre piles inversée (cinq

NOTE 2 Quatre piles connectées en série, I'une d'elles étant prédéchargée a 50 % (cinqg

NOTE 3 Quatre piles connectées en série, I'une d'elles étant prédéchargée a 75 % (cinq

6 Essais et exigences

6.1 | Généralités
6.1.1 Matrice d’application d’essai
L'applicabilité des méthodes d’essai aux éléments et piles d’essai est présentée danps le
Tablgau 2.
Tableau 2 — Matrice d’application d’essai
Essais applicables.
Foime A | B c D E F | ¢ | n i J K L M
X X X X X x @ x @ X X X X x b x ©
m x X x x x xd | xa xd x x x n/a n/a
Description d'essai. Légende:
Essaig relatifs a I'utilisation | Essais relatifs a de mauvais usages
prévus raisonnablement prévisibles Forme
A: Alfitude E: Court-circuit extérieur s: élément ou pile comporfant
B: Cycles thermiques F: Impact un seul élément
C: Vibrations G: Ecrasement m: pile comportant des éléments
D: CHocs H: Décharge forcée multiples
I:  Charge anormale
J: Chute libre Applicabilité
L Instaliation meorrecte applicable
M: Décharge excessive n/a: non applicable
a8 Un seul essai doit étre appliquéyA'essai F ou I'essai G.
b Unliquement applicable aux.modéles CR17345, CR15H270 et piles de type similaire de construction en kpirale
supceptibles d'étre installees de maniére incorrecte et chargées.
¢ Urliquement applicable’aux modeles CR17345, CR15H270 et piles de type similaire de construction en ppirale
supceptibles de subir'une décharge excessive.
d  L'dssai s'applique aux éléments composants.
6.1.2 Mise en garde
AVERTISSEMENT: Ces essais exigent [I'utilisation de procédures qui peuvent

entrainer des blessures si des précautions appropriées ne sont
pas prises.

Lors de la rédaction de ces essais, il a été pris pour hypothése
qu’ils seraient réalisés par des techniciens suffisamment qualifiés
et expérimentés utilisant une protection appropriée.

6.1.3

Température ambiante

Sauf spécification contraire, les essais doivent étre effectués a une température ambiante de

20°C 5 °C.
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Tolérances de mesure des paramétres

par rapport aux parameétres

spécifiés ou réels, doit se situer dans les tolérances suivantes:

a) £t1% pour la tension;

b) £1% pour le courant;

c) £2°C pour la température;

d +£0,1% pour la durée;

e) £t1% pour les dimensions;

f) +[1 % pour la capacite.

Ces |tolérances comprennent I'exactitude combinée des instruments de mesure,

techr

6.1.5

Lorsd

iques de mesure utilisées et de toute autre source d'erreur dans la procédure, d'essai.

Prédécharge

u’'un essai exige une prédécharge, les éléments d'essai ou les piles) d’essai doiven

des

étre

déchprgés a leur profondeur respective de décharge sur une charge(résistive avec laquelle la
capatité assignée est obtenue ou a un courant spécifié par le fabricant.

6.1.6 Eléments supplémentaires

Si dgs éléments supplémentaires sont exigés pour réaliser-un essai, ils doivent étre du npéme
type et, de préférence, du méme lot de production que kélément d’essai.

6.2 | Evaluation des critéres d’essai

6.2.1 Court-circuit

Un court-circuit est considéré s'étre produit pendant un essai si la tension en circuit ouvgrt de
I’élément ou de la pile immédiatement aprés I'essai est inférieure a 90 % de sa valeur avant
I’essai. Cette exigence n’est pas applicable aux éléments ni aux piles d’essai complétegment
déchprgés.

6.2.2 Echauffement excessif

Un échauffement excessif est considéré s'étre produit pendant un essai si la tempérpture
extérjieure du boitierde’I’élément ou de la pile d'essai dépasse 170 °C.

6.2.3 Fuite

Une [fuite-€st considérée s'étre produite pendant un essai si de I'électrolyte ou une putre
matigre’s*échappe de maniére visible de I'élément ou de la pile d'essai ou s'il y a une perfe de
matigre.(a I'exception du boitier de pile, des dispositifs de manipulation ou des étiquettep) de

I'élément ou de la pile d'essai correspondant a une perte de masse dépassant les limites
consignées dans le Tableau 3.

L'équation suivante est donnée pour quantifier la perte de masse Am/m:

ou

m, - m,

Amlm = x100 %

1

m4 est la masse avant un essai;

mo est la masse aprés un essai.
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6.2.

Un échappement de gaz est considéré s'étre produit si, au cours d'un essai, et par suite $'une
augnpentation excessive de la pression interne, des gaz s’échappent d’'un élément ou

pile par un dispositif de libération de la pression congu a cet effet. Ces gaz peuvent cor
des matériaux piégés.

6.2.

Un

I’élément ou la pile d'essai.

6.2.

Une fupture est considérée s'étre produite si le contenedr d’'un élément ou le boitier d’ung
a subi une défaillance mécanique, entrainant une@xpulsion de gaz ou un déverseme
liquides, mais sans éjection forcée de matériaux solides.

6.2.

Une explosion est considérée s'étre produite si le conteneur d'un élément ou le boitier
pile §'ouvre avec éjection violente de composants solides.

Pendant les essais réalisés sunrdes éléments ou des composants, I'éjection de compo
intermes est acceptable. L'énergie des composants éjectés doit étre limitée. Si cela est €
la mgsure peut étre réalisée\comme suit:

a)

b)

6.3

Tableau 3 — Limites de perte de masse

Masse de I'élément ou de la pile Limite de perte de masse
m Am | m
m<1g 0,5 %
1g<m<75¢g 0,2 %
m>75¢g 0,1 %
4—FEehappement-de-gaz

5 Feu

feéu est considéré s'étre produit si, au cours d’un essai, des flammes sont produite

6 Rupture

7 Explosion

illn'y a pas de pénétration dans un écran grillagé (constitué de fils d’aluminium recuit
diamétre de 0,25 mm avec une densité de grille de six a sept fils par centimétre) plg
2b cm de I'élémerit; ou
la mesure peut étre réalisée en suivant une méthode qui a été démontrée équivale
celle déctrite en a).

Essais et exigences — Vue d’ensemble

‘une
tenir

5 par

e pile
nt de

i'une

sants
xige,

d’'un
cé a

hte a

Le présent document fournit des essais de sécurité pour l'utilisation prévue (essais A a D) et
les mauvais usages raisonnablement prévisibles (essais E a M).

Le Tableau 4 contient une vue d’ensemble des essais et des exigences concernant
I'utilisation prévue et les mauvais usages raisonnablement prévisibles.
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Tableau 4 — Essais et exigences

Numéro d’essai

Désignation

Exigences

Es§ais relatifs a I'utilisation A Altitude NL, NV, NC, NR, NE, NF
prevue B Cycles thermiques NL, NV, NC, NR, NE, NF
C | Vibrations NL, NV, NC, NR, NE, NF
D Chocs NL, NV, NC, NR, NE, NF
Essais relatifs a de mauvais E Court-circuit extérieur NT, NR, NE, NF
usages raisonnablement
prévisibles F Impact NT, NE, NF
G Ecrasement NT, NE, NF
H Décharge forcée NE, NF
| Charge anormale NE, NF
J Chute libre NV, NE, NF
K Température élevée NE, NF
L Installation incorrecte NE, NF
M Décharge excessive NE,\NF

Leg essais A a E doivent étre exécutés les uns apres les autres sur le méme glément ou la méme pile.

Leg essais F et G sont des variantes. Seul I'un d’entre eux doit étre exécuté.

Légende

NC Pas de court-circuit
NE} Pas d'explosion

NF} Pas de feu

NL| Pas de fuite

NRI:  Pas de rupture

NV} Pas d’échappement de gaz

NT} Pas d'échauffement excessif

Voir 6.2 pour une description détaillée des criteres d’essai.

6.4 | Essais relatifs\a/I’utilisation prévue

6.4.1 Essai A:-Altitude

a) Qbjet

b) Procédure d'essai

Clet essai simule les conditions de basse pression propres au transport aérien.

Les éléments et piles d’essai doivent étre stockés a une pression de 11,6 kPa ou

inférieure pendant au moins 6 h a température ambiante.

c) Exigences

Il ne doit y avoir ni fuite, ni échappement de gaz, ni court-circuit, ni rupture, ni explosion,
ni feu au cours de cet essai.

6.4.2 Essai B: Cycles thermiques

a) Objet

Cet essai évalue l'intégrité de I'étanchéité des éléments et des piles et celle de leurs

connexions électriques

température.

internes. L’essai est exécuté en appliquant des cycles de
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b)

c)

6.4.3 Essai C: Vibrations

a)

b)

Procédure d'essai

Les éléments et piles d’essai doivent étre stockés pendant au moins 6 h a une
température d’essai de 72 °C, puis pendant au moins 6 h a une température d’essai de
—40 °C. La durée maximale de transition entre les températures doit étre de 30 min.
Chaque élément ou pile d’essai doit étre soumis a cette procédure a 10 reprises. Celle-ci
est suivie par un stockage pendant au moins 24 h a température ambiante.

Pour les grands éléments et les grandes piles, la durée d’exposition aux températures
d’essai doit étre d’au moins 12 h au lieu de 6 h.

L’essai doit étre réalisé en utilisant les éléments et les piles d'essai précédemment soumis
a I'essai d'altitude.

+f2°C

—40°C

A
y
A
y
A
y
A
y

EC

Légende
4| < 30 min

t

5| > 6 h (12 h pour les grands éléments et les grandes piles)

NPTE La figure représente un des dix cycles:
Figure 1 — Procédure pour les cycles thermiques

Exigences

ne doit y avoir ni fuite{_ni' échappement de gaz, ni court-circuit, ni rupture, ni expldgsion,
feu au cours de cef essai.

=

Qbjet

Cet essaj-simule des vibrations survenant pendant le transport. Les conditions d’gssai
spnt fondées sur la gamme de vibrations fournie par 'OACI [2].

Procédure d'essai

Les: éléments et les pilne d’essai doivent étre solidement fixés 3 la plnfn-fnrm du
générateur de vibrations, sans déformation et de maniére a transmettre fidélement les
vibrations. Les éléments et les piles d’essai doivent étre soumis a des vibrations
sinusoidales selon le Tableau 5 qui montre une amplitude d'accélération supérieure
différente pour les grandes piles. Ce cycle doit étre répété 12 fois pendant 3 h au total
pour chacune des trois positions de montage perpendiculaires les unes par rapport aux
autres. Une des directions doit étre perpendiculaire a la face des bornes.

L'essai doit étre réalisé en utilisant les éléments et les piles d'essai précédemment soumis
a I'essai de cycles thermiques.
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