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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PRIMARY BATTERIES —

Part 5: Safety of batteries with aqueous electrolyte

FOREWORD

:2000(E)

1) The IFC (International Elecirotechnical Commission) Is a worldwide organization for standartzation g
all national electrotechnical committees (IEC National Committees). The object i

two organizations.

2) The fprmal decisions or agreements of the IEC on technica
interngtional consensus of opinion on the relevant subjects siice each
from gll interested National Committees.

3) The dpcuments produced have the form of recommend tions\forAngernational use and are published i
of stgndards, technical specifications, tech i the}y are accepted by thg
Comniittees in that sense.

4) In order to promote international unification \ ommittees dndertake to apply IEC Int
Standprds transparently to the maximum : } their Tnational and regional stand

divergence between the IEC Standard and the correspond] ational or regional standard shall
indicafed in the latter.
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6) Attent ents of this International Standard may be t
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IEC 60086 consists of the following parts, under the general title: Primary batteries:

Part 1: General

Part 2: Specification sheets

Part 3: Watch
Part 4: Safety
Part 5: Safety

batteries
of lithium batteries
of batteries with aqueous electrolyte

This publication has been drafted in accordance with the ISO/IEC Directives, Part 3.

Annexes A an

d B are for information only.
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The committee has decided that the contents of this publication will remain unchanged until
2002. At this date, the publication will be

e reconfirmed;

e withdrawn;

« replaced by a revised edition, or
¢ amended.

A bilingual version of this publication may be issued at a later date.

@%
8
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INTRODUCTION

The concept of safety is closely related to safeguarding the integrity of people and property.
This part of IEC 60086 specifies requirements and tests for primary batteries with aqueous
electrolyte and has been prepared in accordance with ISO/IEC guidelines, taking into account
all relevant national and international standards which apply. Also included in this standard is
guidance for appliance designers with respect to battery compartments and information
regarding packaging, handling, warehousing and transportation.

Safety is a balance between freedom from risks of harm and other demands to be met by the
product. There can be no absolute safety. Even at the highest level of safety, the product can
only be relatively safe. In this respect, decision-making is based on risk evaluation and safety
judgement.

ise pxpvisions
ed on
ards for

As safefy will pose different problems, it is impossible to provide g
and recpommendations that will apply in every case. However, this sta
a judicipus "use when applicable” basis, will provide reasop

@@



https://iecnorm.com/api/?name=29383eddb5488c2eef1192b9399d25f8

60086-5 O IEC:2000(E) —-7-

PRIMARY BATTERIES —

Part 5: Safety of batteries with aqueous electrolyte

1 Scope

This part of IEC 60086 specifies tests and requirements for primary batteries with aqueous
electrolyte to ensure their safe operation under normal use and reasonably foreseeable

misuse.

2 Nofmative references

The follpwing normative documents contain provisions which,(throtrg! in this text,
constitute provisions of this part of sequent
amendnpents to, or revisions of, any of these publication hrties to
agreem bility of
applying Lndated
referend 5 of 1ISO
and IEQ

IEC 600

IEC 600

IEC 600

IEC 60(050(481): 6, Primary
cells anf batteri

IEC 600 ; sting — Part 2: Tests — Test Fc: Vibration (sinusgidal)
IEC 600 Shock
IEC 6006 re 1)

3 Deflinitions

For the purpose of this part of IEC 60086, the definitions given in IEC 60050(481) (some of
which are repeated below for convenience) and the following definitions apply.

3.1
battery (primary)
one or more primary cells, including case, terminals and marking

3.2

button battery

small round battery, where the overall height is less than the diameter; batteries complying
with figures 2, 3 and 4 of IEC 60086-1
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3.3

cell (primary)

a source of electrical energy obtained by the direct conversion of chemical energy that is not
designed to be charged by any other electrical source

3.4

cylindrical battery

primary battery with cylindrical geometry where the overall height is equal to or greater than
the diameter; batteries complying with figures 1A and 1B of IEC 60086-1

3.5

explosipn
an instgntaneous release wherein solid matter from any part of the b ry is opelled to a
distancg greater than 25 cm away from the battery

3.6
harm
physical injury and/or damage to health or property

3.7
hazard
a potential source of harm

3.8
intendegd use
the use|of a product, process or servi¢e under 6 \s or for purposes in accordapce with
specificptions and instructions provid including information for publicity
purposegs

3.9

leakagd
unplannled escae 8

3.10

3.11
prismati
primary

3.12
reasonably foreseeable misuse

the use of a product, process or service under conditions or for purposes not intended by the
supplier, but which can happen

3.13
risk
the probable rate of occurrence of a hazard causing harm and the degree of severity of the
harm

3.14
safety
freedom from unacceptable risk of harm
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3.15
venting

the release of excessive internal pressure from a battery in a manner intended by design to

preclude explosion

4 Requirements for safety

4.1 Design
4.1.1 General

Batterieg—sta
normal

4.1.2 pMenting

All battgries shall incorporate a pressure relief feature or shall

relieve lexcessive

encapsuylation is necessary to support cells within an oute 3 pe ofencapsu
the method of encapsulation shall not cause the batte q
nor inhibit the operation of the pressure relief feature.

The batlery case material and/or its fipa
one or more cells venting, the battery<cas

4.1.3 nsulation

The instylation resistance be os
electricql contact surfaces\and\ejther texmjnalshalkbe

4.2 Qpality pla
The manufactur@ plan defining the procedures for the inspg
materia

specific

5.2 Saiimpling for type approval

intended) use.

s, compone atteriés to be applied to the total process of prog

internal pressure at a value and rate

vietal surfaces of the battery e
not less than 5 MQ at (500 + 20

ditions of

hey will
sion. |If
ant and
peration

bvent of

cluding
V.

ction of
ucing a
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Open circuit voltage (n = 70)
Dimensions (n = 70)

Intended use

‘ Reasonably
foreseeable
A B-1 B-2 c misuse
Partial Transportation- Transportation- Climatic
use shock vibration (n=5)
n=5 (n=5) (n=5)
D E G
Incorrect External pe
installation short all
see note 1 circut
(n:20) :5)
929/2000
NOTE 1
NOTE 2
6 Teg
Tests d httery is
likely to
Unless
WARN
These pquate
precaufions{are™ o\ taken
It has en by
appropr
6.1 Intended use
6.1.1 Intended use tests and requirements
Table 1 — Intended use tests and requirements
Test Intended use simulation Requirements
Electrical test A Storage after partial use No leakage (NL)

No explosion (NE)

Environmental tests B-1 Transportation-shock No leakage (NL)
No explosion (NE)

B-2 Transportation-vibration No leakage (NL)
No explosion (NE)

C Climatic-temperature cycling No explosion (NE)
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6.1.2 Intended use test procedures
6.1.2.1 Test A — storage after partial use

a) Purpose

This test simulates the situation when an appliance is switched off and the installed batteries
are partly discharged. These batteries may be left in the appliance for a long time or they are

removed from the appliance and stored for a long time.

b) Test procedure

An undischarged battery is discharged under an application/service ouytput test congition as
defined|in IEC 60086-2 until the service life falls by 50 % of the mind Juration
(MAD) Jalue, followed by storage at 45 °C for 30 days.
c) Requirement
See table 1.
6.1.2.2 | Test B-1 —transportation-shock
a) Purpose
This test simulates the situation when\an “a i glessly dropped with RQatteries
installed in it. This test condition is genérally sp&ci W JEC 60068-2-27.
b) Tedt procedure
An undischarged batte
The shqck test s@ S 8 tHe conditions defined in table 2 and the sg¢quence
in table [3.
Shock gulse — ITheshgc appted to the battery shall be as follows:
<\ \ Table 2 — Shock pulse
Y ;
\ Acceleration Waveform
Minimum averaWration Peak acceleration
Fifst¢hree millisetonds
75 On 1257, t0 175 0, Hatfsime
Table 3 — Test sequence
Step Storage time Battery orientation Number of shocks Visual examination
periods
1 - - - Pre-test
2 - See note 1 each _
3 - See note 1 each -
4 - See note 1 each -
5 1h — — _
6 Post-test
NOTE The shock shall be applied in each of three mutually perpendicular directions.
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Step 1 Record electrical characteristics in accordance with 5.2.

Steps 2to 4  Apply shock test specified in table 2 and the sequence in table 3.
Step 5 Rest battery for 1 h.

Step 6 Record examination results.

c) Requirement
See table 1.

6.1.2.3 Test B-2 —transportation-vibration

60086-5 O IEC:2000(E)

a) Pquse
This tegt simulates vibration during transportation. This test conditi
IEC 60(068-2-6.

genera

b) Tegt procedure
An undischarged battery shall be tested as follows.

The vibration test shall be carried out under the
table 4.

Vibration — A simple harmonic motion
of 0,8 mm, with a total maximum excufsion of ',
rate of [1 Hz/min between the limits @

cified in

battery having an amplitude
The frequency shall be varig

d at the
uencies

(10 Hz fo 55 Hz) and ret raversed in (90 =+ 5) minutes for each
mountinlg position (directi
Step StoragM tte}y\orib‘{ati}p Vibration time Visual examination periods
PN NBatteiolis
1 — - - Pre-test
2 - See e 90 + 5 min each —
3 e note 90 £ 5 min each -
4 - Sge note 90 + 5 min each -
5 1lh - _ _
6 K \ Post-test
NOTE |The viMn sh\all be applied in each of three mutually perpendicular directions.

Step 1 Record electrical characteristics in accordance with 5.2.

Steps 2to 4 Apply the vibration specified in 6.1.2.3 in the sequence in table 4.
Step 5 Rest battery for 1 h.

Step 6 Record examination results.

c¢) Requirement

See table 1.
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6.1.2.4 Test C —climatic-temperature cycling

a) Purpose

This test assesses the integrity of the battery seal which may be impaired after temperature

cycling.
b) Test procedure

An undischarged battery shall be tested under the following procedure.

Temperpture cycling procedure (See below and/or figure 2)

1) Place the batteries in a test chamber and raise the temperature
within 30 min (t1).

2) Mpintain the chamber at this temperature for 4 h (ty).

3) Reduce the temperature of the chamber to 20 °C withy
temperature for t3 = 2 h.

4) Reduce the temperature of the chamber to —20
mpintain at this temperature for t, = 4 h.

5) Raise the temperature of the ch ithi pnin.

6) Repeat the sequence for a furthexninec
7) After the 10th cycle, store the ba

70 °C N

070°C

ih at this

min and

QO
BN\

‘

—20°C < NN
N

A

IEC

930/2000

t; : 30 min, t,:4h, t3:2h

Figure 2 — Temperature cycling procedure
c¢) Requirement

See table 1.
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6.2 Reasonably foreseeable misuse

6.2.1 Reasonably foreseeable misuse tests and requirements

Table 5 — Reasonably foreseeable misuse tests and requirements

Test Misuse simulation Requirements
Electrical tests D Incorrect installation No explosion (NE) *
External short circuit No explosion (NE)

F Overdischarge Nq’expl@n (NE

Environmpntal test G Free fall ﬁ\lﬂ e)fplgsio}\Q\IE

* See ndte 2 of 6.2.2.1 (\ \\

6.2.2 Reasonably foreseeable misuse test procedure

6.2.2.1 | Test D —incorrect installation (four batterie

a) Purpose
This test simulates the condition when/0

b) Tegt procedure

Four un wd origin shall be connected ih series
with ong¢ uit shall be completed for 24 h| or until
the batt

The res i i ircyitry shall not exceed 0,1 Q.

IEC 931/2000

gure 3 — Incorrect installation (four batteries in series)

NOTE 1 The circuit in figure 3 simulates a typical misuse condition.

NOTE 2 Primary batteries are not designed to be charged. However, reversed installation of a battery in a series
of three or more exposes the reversed battery to a charging condition. Although cylindrical batteries are designed
to relieve excessive internal pressure, in some instances an explosion may not be precluded. Therefore, the user
shall be clearly advised to install batteries correctly with regard to polarity (+ and —) to avoid this hazard. (See
9.19).

c¢) Requirement

See table 5.
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Test E — external short circuit

a) Purpose

This misuse may occur during daily handling of batteries.

b) Test procedure

An undischarged battery shall be connected as shown in figure 4. The circuit shall be
completed for 24 h or until the battery case temperature has returned to ambient.

The res

c) Requirement

See tab

6.2.2.3

a) Pun

This is

b) Tes

One ur

condition as defihned\in

undisch
shall be|

on-load{

stance of the Inter-connecting circuitry shall not exceed 0,1 Q.

+

IEC 93 0
Figure 4 — External short cir

e b.

Test F —overdischarge

pose

The val

to that

for the rTischarge ofMattery C1. The final value of the resistor (R1) shall be the neare

one (1)

but test
N, three
d origin
he total

belected
st value

rescribed in 8.3.3 of IEC 60086-1.

| |
+ —|+ —|+ -

R1

IEC 933/2000

Figure 5 — Overdischarge

c) Requirement

See tab

le 5.
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6.2.2.4 Test G — free fall test

a) Purpose

This test simulates the situation when a battery is accidentally dropped. The test condition is
based upon IEC 60068-2-32.

b) Test procedure

Undischarged test batteries shall be dropped from a height of 1 m onto a concrete surface.
Each test battery shall be dropped six times, a prismatic battery once on each of its six faces,

a round hattarvy twwiea 1n aach Af tha thraa avac chowvwin 1n finika 68 Thao taot—teattariac ha” be
Pttty v e et ot et e eSSy gure—o— e tEstostte eSS

stored fpr 1 h afterwards.

c) Requirement
See table 5. :%
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Table 6 — Testing and requirements

7 Infq

7.1 Saf

When

cases, ¢

Nominal Applicable tests
System Negative Electrolvte Positive voltage
letter electrode y electrode per cell A B-1 c D E F G
v B-2
- Zinc Ammonium | Manganese 15 R x x x x x x x
chloride dioxide
Zinc B NR
chloride p < % % NR < < %
A Zinc Ammonium Oxygen air 1,4 R X X X NR X X X
chloride
Zinc B ( NR
chloride P « < é\ MR \\ % <
L Zinc Alkali metal | Manganese 1,5 R x x(\\ \)\\\x x x
hydroxid ioxi
ydroxide dioxide B % X\ }\\NR « NR <
P X\ X \ \NM NR X
P Zinc Alkali metal Oxygen air 1,4 R< \ \ \R
hydroxide —
B \@\x \ NR x NR x
®) \/ NR
S Zinc Alkali metal | sijlver gxide 5 \ y{ /\ \5 x NR x NR  x
hydroxide (Ag,0) k o )\/>< < NR « NR <
P ~" NR
\Q/ X! required
R: round (as per 3.4) NR: nofrequired
B: button (as per 3.2)
[\ (\ P multicell
Systemg L and S b cells or batteries under 250 mAh and system P button cells or batteries under 700 mAh
are exempt from afy testin

Extreme

a) Alwd

the battery and

v talea o
YS—toke—6

rked on

Batteries which are incorrectly placed into equipment may be short-circuited, or charged. This
can result in a rapid temperature rise causing venting, leakage and explosion.

b) Do not short-circuit batteries

When the positive (+) and negative (-) terminals of a battery are in direct contact with each
other, the battery becomes short-circuited. For example, batteries lying on top of each other
or mixed together, can be short-circuited. This can result in venting and leakage.
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c) Do not charge batteries

Attempting to charge a primary battery may cause internal gas and/or heat generation
resulting in venting, leakage, explosion and/or possibly fire.

d) Do not force discharge batteries

When batteries are force discharged with 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
may result in venting, leakage and explosion.

e) Do not mix batteries (when replacing batteries, replace all of them at the same time with
new batteries of the same brand and type)

When | re used
togethef, some batteries may be overdischarged due to a differenc ) apacity.
This caI result in venting, leakage and explosion.

f) Exhausted batteries should be immediately removed from the egquipment a i sed of

When djscharged batteries are kept in the equipment for along_t electrglyte leakage may
occur causing damage to the appliance.

g) Do not heat batteries
When a
h) Do not directly solder batteries

When 3
short-cifcuiting and may re

internal
i) Do not dismantle battenrie

When a|battery is dis
i) Do not defort

y.

Batterie Fesult in
leakage
k) Do
When | Do not

en to replace batteries without adult supervision

m) Keep batteries out of the reach of children

Keep batteries which are considered swallowable out of the reach of children, especially
those batteries fitting within the limits of the ingestion gauge as defined in figure 7.
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57,17

75,4 70T

Dimensions in millimetres

In case|of ingestion of a cell or batter B[SO . should seek medical asgistance
promptly.

n) Do rot encapsulate a
Encapstilation, or any vodific@ti y, may result in blockage of the safety vent

mechanjsm(s) an Advice from the battery manufacturer should be
sought if it is co

0) Stor objects
whid

One of in their

original

p) Reni

It is ad ased to

function hmeras,

jackets or other means to contaln Ieakage a battery that has been partlally or completely
exhausted may be more prone to leak than one that is unused.

7.2 Safety precautions during packaging, handling, transportation, display,
storage, and disposal

7.2.1 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, corrosion of the terminals and some
protection from the environment.
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7.2.2 Handling of battery cartons

Rough handling of battery cartons may result in battery damage and impaired electrical
performance and may result in leakage, explosion, or possibly fire.

7.2.3 Display and storage

a)

Batteries shall be stored in well-ventilated, dry and cool conditions

High temperature or high humidity may cause deterioration of the battery performance or
surface corrosion.

b) Battery cartons should not be piled up in several layers (or should not exceed a specified

height)
If too mpny battery cartons are piled up, batteries in the lowest cartos ned and
electrolyte leakage may occur.

c) Whgn batteries are stored in warehouses or displayed in r uld not be
expgsed to direct sun rays for a long time or placed in are rain
When bjatteries get wet, their insulation resistance deeres cur and

rust may be generated.

d) Do pot mix unpacked batteries so as to ay [t-circuit
amohg each other

When m ddmage or overheating fesulting

from ex then occur. To avoid these possible

hazards pequired for use.

e) See

7.2.4

a) Prim , yosed of via the communal refuse arrangements provided
that

b) Do n

c) Do i keriesAn fire except under conditions of controlled incineration.

8 Instructions for use

a) Always select the correct size and grade 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 -).

e) Remove batteries from equipment which is not to be used for an extended period of time.

f)

Remove exhausted batteries promptly.
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9 Marking

9.1 General

With the exception of batteries designed as small, each battery shall be marked with the
following information:

a) electrochemical system;

b) designation;

c) year and month or week of manufacture, which may be in code, or the expiration of a
guarantee period in clear:

d) polafity of terminals (when applicable);

e) nomjnal voltage;

f) namj or trade mark of the manufacturer or supplier;

g) cautjonary advice;

h) cautjon for ingestion of small batteries (refer to 7.1 m))

9.2 Sinall batteries

Batteries whose external surface area is too sma e the“markings shown in 9.1
shall sHow, on the battery, the designati { ity 9.1 d). All other markings
shown ip 9.1 should be on the immed
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Annex A
(informative)

Additional information to subclause 7.2.3

The purpose of this annex is to describe these good practices in general terms and, more
specifically, to warn against procedures known from experience to be harmful. It takes the
form of advice to battery manufacturers, distributors and users, and to equipment designers.

Storage and stock rotation

For normal storage, the temperature should be between +10 °C and +25 exceed
+30 °C i periods
should should
therefor
Althoug proved at
lower te nclosed
in spec puld be
retained ambient
tempers
Batterie r return
to ambi
Batterie battery
manufa
The hei h of the
pack. A 3 m for
wooden
The abd transit.
Thus, b riods in
unventil
Batterieg) ribution
centres|a actised,
storage bquately
marked
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Annex B
(informative)

Battery compartment guidelines

B.1 Guidance for appliance designers

It is recommended that companies producing battery-powered equipment should maintain
close liaison with the battery industry. The capabilities of existing batteries should be taken
into account at design inception. Whenever possible, the battery type selected should be one
included in publication IEC 60086-2.

Design fompartments so that batteries are easily inserted and do not fa

Design fompartments to prevent easy access to the batteries by yodho

Considd

Clearly |indicate the type of battery to use, the correct pglari
insertiom.

Althougp batteries are very much improved regarding
occur orcasionally. When the battery gcompar i\
equipment, it should be positioned so@s tq m¢

B.2 Design of battery compartmgnts

o leakage, it [can still
ely isolated from the

plet

To overpome the problemg’as j ith@f placement of a battery, consiferation
should be given at the design 5t{& ensurethat\patteries cannot be installed incorrgectly or,

if so installed, will not

Some {

uggesti@
illustratg¢d in figuxes

unneces

NOTE B

sary move

8. R14 and R20 size battery compartmgnts are
below. Provision should also be made to [prevent

Positive contact
Contact recessed between ribs
(b)

Incorrect placement of the battery

Insulated ribs hold the negative terminal away from contact
IEC 936/2000

Figure B.1 — Positive contact recessed between ribs
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Positive contact

Recessed aperture
(a) (b)

Correct placement of the battery Incorrect placement of the battery

urround
IEC  937/2000

httery

=

Positive terminal contacts only the insulated centre
IEC 938/2000

Figure B.3 — Negative contact which is shaped to avoid the positive terminal

It should be stressed that battery compartment dimensions should not be tied to dimensions
and tolerances of a particular manufacturer as this can create problems if replacements of
different origin are installed.

For dimensional details, particularly those related to the positive and negative terminals,
reference should be made to figures 1A and 1B IEC 60086-1 and the relevant battery
specification sheet contained in IEC 60086-2.
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Only the battery terminals should physically contact the electric circuit.

Battery compartments should be electrically insulated from the electric circuit and positioned
so as to minimize possible damage and/or risk of injury.

A lot of equipment is designed to operate with alternative power supplies (e.g. mains,
additional batteries, etc.) and this is particularly relevant to primary battery memory back-up
applications.

In these situations, the circuitry of the equipment should be so designed to either:

a) pre\ nteharaina Af tha Avimaary, hattary, A
Vet gy ottt Dottty Ot

b) inclyde primary battery protective devices, for example a diode harging
(leakage) current from the protective device(s) to which the p ould be
subjpcted, does not exceed that recommended by the battery m§

Any intended protective device circuit should be selected so & 5 [ he type

and eleftrochemical system of the primary battery concerned g 3 bject to

single component failure. It is recommended that equipmén ' rom the
battery [manufacturer concerning the primary battepy device
circuit.

Failure fo observe these precautions ma eIV ife, Yeakage or explosion.

Positive] o avoid

confusign when inserting batteries.

Select ferminal contact ble with

battery gontacts.

Battery | compartmrent bries to

escape. @

The material of aba nmental

pollution.

Equipm system

should §

For the , the battery should preferably be in an upright position during| normal

operatign,

Parallel connections are not recommended since an incorrectly placed battery causes
continuous discharge of the batteries.

To overcome the problem of reversed placement described above and with the end user in
mind, consideration should be given to the arrangement in figure B.4 (a) and (b) that may be
extended as indicated by arrows.
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