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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PRIMARY BATTERIES -

Part 1: General

FOREWORD
1) The Internatlonal Electrotechnlcal Commlssmn (IEC) |s a worIdW|de orgamzatlon for standardlzatlon comprising
all ng J - SF—FEE promote
interngtional co- operatlon on aII quest|ons concernlng standardlzatlon in the electrical\and eIe ic[fields. To
this epd and in addition to other actlvmes ifications,
Technjical 8 Q| as “IEC
Publidation(s)”). Their preparation is entrusted to technical committees; any IEC Nati i ?erested
in thg subject dealt with may participate in this preparatory work e 9 tal /and non-
goverhmental organizations liaising with the IEC also participate in this prepa bs closely

with the International Organization for Standardization (ISO) in accordance witQ eoRditions deteqmined by
agreefnent between the two organizations.

2) The fdg X S X ble, an international
consepsus of opinion on the relevant subjects since each i sl \ epresentation from all

3) IEC accepted by IEQ National
Com A at the technical contgnt of IEC
Publigati i , ible y iR vhich they are used gr for any
misint

4) In order to promote international uniformity i i undertake to apply IEC Pdblications
transparently to the maX|mum extent posgible |n th' i and regional publications. Any djvergence
betwe ional sr regional publication shall be clearly indicated in
the lafter

5) IEC i i indjcate- dl and cannot be rendered responsiblg for any

7) No liapility shal 3 dli 3 o oyees, servants or agents including individual experts and
i itte aftonal Committees for any personal injury, property damage or
other [damage of an € her direct or indirect, or for costs (including legal fees) and

expenges arising ieatt ge of, or reliance upon, this IEC Publication or any ¢ther IEC
Publidations.

8) Attent i ive references cited in this publication. Use of the referenced publications is
indisp ion of this publication.

9) Attent i ssibifity that some of the elements of this IEC Publication may be the jubject of
patenf\i p | not be held responsible for identifying any or all such patent rights.

Internat IEC 60086-1 has been prepared by IEC technical commiftee 35:

Primary i

This tenth edition cancels and replaces the ninth edition (2000) and constitutes a technical
revision.

The major technical changes concern the addition of "Test condition tolerances" in 6.6
and the standardization of the "Z" electrochemical system (Nickel oxyhydroxide) included in
Table 3.

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

FDIS Report on voting
35/1244/FDIS 35/1247/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.
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This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

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

The committee has decided that the contents of this publication will remain unchanged until
the maintenance result date indicated on the IEC web site under "http://webstore.iec.ch” in
the data related to the specific publication. At this date, the publication will be

* reconfirmed;
* withdrawn;
+ replaced by a revised edition, or

* amehded.

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

@%
0



https://iecnorm.com/api/?name=eec00207367aef5219eb10ce55595956

60086-1 © IEC:2006(E) _7-

INTRODUCTION

The technical content of this part of IEC 60086 provides fundamental requirements and
information on primary cells and batteries. In this sense, IEC 60086-1 is the main component
of the IEC 60086 series and forms the basis for the subsequent parts. For example, this part
includes elementary information on definitions, nomenclature, dimensions and marking. While
specific requirements are included, the content of this part tends to explain methodology (how)
and justification (why).

Over the years, this part has been changed to improve its content and remains under
continual scrutiny to ensure that the publication is kept up to date with the advances in both
battery and battery-powered device technologies.

NOTE Skfety information is available in IEC 60086-4, IEC 60086-5 and IEC 62281.
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PRIMARY BATTERIES -

Part 1: General

1 Scope

The purpose of this part of IEC 60086 is to standardize primary batteries with respect to their
electrochemical system, dimensions, nomenclature, terminal configurations, markings, test

method§, typical performance, safety and environmental aspects.
60086 series are

NOTE Tpe requirements justifying the inclusion or the ongoing retention of batterieX\in the
given in Annex A.

The objective of IEC 60086-1 is to benefit primary battery user battery
manufagturers by ensuring that batteries from different manufacture ngeable
accordi g to standard form, fit and function. Furthermoyge i with the

above, this part specifies standard test methods for testing prxima ce SN

2 Normative references

cument.
[ edition

The follpwing referenced documents e
For datgd references, only the edition ci
of the referenced document (including a

IEC 600
IEC 600
IEC 600
IEC 600
IEC 604

IEC 614
1SO 70d

symbol

ISO/IEQ Part 1: Procedures for the technical work

Directives,

ISO 3951 (all parts as applicable), Sampling procedures for inspection by variables

3 Terms and definitions

For the purposes of this document, the definitions given in IEC 60050(482) (some of which
are repeated below for convenience), as well as the following definitions, apply.

3.1
application test
simulation of the actual use of a battery in a specific application
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3.2
discharge (of a primary battery)
operation during which a battery delivers current to an external circuit

[IEV 482-03-23:2004, modified]

3.3
dry (primary) battery
primary battery in which the liquid electrolyte is immobilized

[IEV 482-04-14:2004, modified]

3.4

effectivie internal resistance — DC method
resistance of any electrical component determined by calculating
voltage |drop AU across this component and the range of curre
componjent and causing the voltage drop R = AU/ Ai

ben the

Jgh this

NOTE Ap an analogy, the internal d.c. resistance of any electrochemical'ce i i elation:

(1)

The intdrnal d.c. resistance is illustrated t ransient as given below:

Ul

AU

Uz (i2)

SN/

AU

72
-

\

A

3
IEC 2217/06

Figure 1 — Schematic voltage transient

%

AT £
I

As can ‘be—seenmfromthisdiagram;,—the—vottagedrop Ao
nature, as shown in the following relation:

thre—two—componentsdiffers in

AU = AUg + AU (1) (2)

The first component AU, for (¢ = t,) is independent of time, and results from the increase in
current Ai according to the relation:

AUq = Ai X Rg (3)

In this relation, Rg is a pure ohmic resistance. The second component AU(¢) is time dependent
and is of electrochemical origin.
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3.5

end-point voltage

EV

specified voltage of a battery at which the battery discharge is terminated

[IEV 482-03-30:2004, modified]

3.6
leakage
unplanned escape of electrolyte, gas or other material from a battery

[IEV 482-02-32:2004, modified]

3.7
minimujm average duration
MAD
minimurm average time on discharge which shall be met by a sapipie ©

NOTE The discharge test is carried out according to the specified metfieds %
conformity with the standard applicable to the battery types.

3.8
nominall voltage of a primary battery
Vn
suitable|approximate value of voltage dsed to i

[IEV 482-03-31:2004, modified]

3.9
on-load voltage

closed-g¢ircuit voltage
ccv

voltage facross the ter it is on discharge

[IEV 482-03-28:2004,

3.10

off-load
ocv
voltage

[IEV 482

3.11

i to show

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

3.12
primary cell

source of electrical energy obtained by the direct conversion of chemical energy, that is not

designed to be charged by any other electrical source

[IEV 482-01-02:2004, modified]

3.13
service output (of a primary battery)

service life, or capacity, or energy output of a battery under specified conditions of discharge
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3.14
service output test
test designed to measure the service output of a battery

NOTE A service output test may be prescribed, for example, when
a) an application test is too complex to replicate;

b) the duration of an application test would make it impractical for routine testing purposes.

3.15

storage life

duration under specified conditions at the end of which a battery retains its ability to perform a
specified service output

[IEV 482-03-47:2004, modified]

3.16
terminjls (of a primary battery)
conductive parts provided for the connection of a battery to exte onddcto

4 Requirements

4.1 General
411 Design

nreeent years, they have pbecome
for example both capacity gnd rate

%w demands from new, battery-powered

Primary| batteries are sold mainly in con
more s@phisticated in both chemistry
capability have increased to meet\ the
equipment technology.

When designing primg

account. Specifically, i i ormity and stability, their physical and ¢lectrical
performpance an@ ati y ormal use and foreseeable mis-use conditions

shall be|assured.

Addition

B6-3.

4.1.3
Terminals-shall- be-inaccordancewith-Clause 7 of IEC 800862

Their physical shape shall be designed in such a way that they ensure that the batteries make
and maintain good electrical contact at all times.

They shall be made of materials that provide adequate electrical conductivity and corrosion
protection.

4.1.31 Contact pressure resistance

Where stated in the battery specification tables, or the individual specification sheets in
IEC 60086-2, the following applies:
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— aforce of 10 N applied through a steel ball of 1 mm diameter at the centre of each contact
area for a period of 10 s shall not cause any apparent deformation which might prevent
satisfactory operation of the battery.

NOTE See also IEC 60086-3 for exceptions.

4.1.3.2 Cap and base

This type of terminal is used for batteries which have their dimensions specified according to
Figures 1 and 2 of IEC 60086-2, and which have the cylindrical side of the battery insulated
from the terminals.

4.1.3.3 —Capand—case

This type of terminal is used for batteries which have their dimensio rding to
Figures| 3 and 4 of IEC 60086-2, but in which the cylindrical side @ \>part of
the positive terminal.

4.1.3.4 Screw terminals

This contact consists of a threaded rod in combinatiop d metal
nut.

4.1.3.5 Flat contacts

These suitable
contact

4.1.3.6

These rm that
provide

4.1.3.7

These gre made itab housing
or holdi

4.1.3.8

These for the
positive

They sHall'be of suitable metal so as to provide efficient electrical connection when jpined to

the corresponding parts of an external circuit.

4.1.3.8.1 Spacing of contacts
The spacing between the stud and socket is given in the following table and applies from

centre to centre. The stud always forms the positive connection and the socket the negative
connection on the battery.

Table 1 — Spacing of contacts

Nominal voltage Standard Miniature
\ mm mm

9 35+04 12,7 £ 0,25
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4.1.3.8.2 Non-resilient snap fastener connectors (studs)

All dimensions not specified are free. The shape of the studs shall be chosen so that they
conform to the dimensions specified.

Figure 2 — Stud

Table 2 — Snap fasteney’'connector

FEpRINa }

4.1.3.8.

Dimens ementss

The dim
such. The propexties

ilient (socket) parts of snap fastener connectors are not specified as
all be such that

a) the
b) good electrical contact is maintained.

4.1.3.9 Wire
Wire leads shall be single or multi-strand flexible insulated tinned copper. The insulation may

be cotton braid or suitable plastic. The positive terminal wire covering shall be red and the
negative black.

4.1.3.10 Other spring contacts or clips

These contacts are generally used on batteries when the corresponding parts of the external
circuit are not precisely known. They shall be of spring brass or of other material having
similar properties.
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4.1.4 Classification (electrochemical system)
Primary batteries are classified according to their electrochemical system.

Each system, with the exception of the zinc-ammonium chloride, zinc chloride-manganese
dioxide system, has been allocated a letter denoting the particular system.

The electrochemical systems that have been standardized up to now are given in Table 3.

Table 3 — Standardized electrochemical systems

Hnum
Lettgr Negative Electrolyte Positive electrode reuit
electrode ge
No letfer | Zinc(Zn) Ammonium chloride, Manganese dioxide (MnO»,) 1, \7/3
Zinc chloride

A Zinc (Zn) Ammonium chloride, Oxygen (O5) 144 1,95
Zinc chloride (\ N

B Lithium Organic electrolyte Carbon mo?mm@ W 3,7

(Li)

C Lithium Organic electrolyte Mang SWI e (Mn 3,0 3,7
(Li)

E Lithium Non-aqueous fonyl cKloride so\s|/ 3,6 3.9
(Li) inorganic

F Lithium Organic electrolyte, Iron €Ss) 1,5 1,83
(Li)

G Lithium OrgéMic electrolyte op r (I\exide (CuO) 1,5 2.8
(Li)

Zinc (Zn) N(alhn{etal h gan se dioxide (MnOy) 1,5 1,9

L

P Zinc (zn) Alkankg\a\hywhx dygen (05) 1,4 1,6
s ZincW fwan m%@lh ox\de\ NSiiver oxide (Ag,0) 1,55 1,6
z Zinc (Z%Q M@Ih&\etaw Nickel oxyhydroxide (NiOOH) 1,5 1,7

O|lw]o | o,

NOTE|1 The valie of\the.nom aIWS not verifiable; therefore it is only given as a reference.

NOTE m Rpenxcircui{ voltage is measured as defined in 5.5 and 6.8.1

NOTE ctrochemical system, common protocol is to list negative electrode first,
follow , i.e. lithium-iron disulfide.

4.1.5 Designation

The designation of primary batteries is based on their physical parameters, their electro-
chemical system as well as modifiers, if needed.

A comprehensive explanation of the designation system (nomenclature) can be found in
Annex C.

4.1.6 Marking
4.1.6.1 General

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

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

c) polarity of terminals (when applicable);

d) nominal voltage;

e) name or trade mark of the manufacturer or supplier;
f) cautionary advice.

4.1.6.2 Marking of small batteries

a) When this subclause is mvoked in IEC 60086-2, mamly for category 3 and 4 batteries,

4.1.64a)and4161c) shall bemarkedonthe battery Subclauses B 1b)}4.1.6.1d),
4.1.6 1e) and 4. 1 6 1 f) may be glven on the |mmed|ate package inste hepattery

b) For 2 ackage,
4.1.6.1c) may be marked on the sealing tab of the batte attery.
Subglauses 4.1.6.1b), 4.1.6.1d) and 4.1.6.1e) may be give im ' pbackage
instg

c) Caui clauses
7.2 1) and 9.2) and IEC 60086-5 (subclauses 7.1 |)

4.1.6.3

Marking th local

legal re

4.1.7

Primary by their

standar ltage is

assesse

where

n isth

m is th

Current idgd. They

are identifi ge.

Voltage = hal to or

within the‘range of nx 1,19 Vton x 1,61 V.

Voltage range 2, U, = 3,2 V: batteries having a standard discharge voltage m x Ug equal to or
within the range of n x 2,72 Vton x 3,68 V.

The term standard discharge voltage and related quantities, as well as the methods of their
determination, are given in Annex F.

NOTE For single-cell batteries and for multi-cell batteries assembled with cells of the same voltage range, m and
n will be identical; m and n will be different for multi-cell batteries if assembled with cells from a different voltage
range than those of an already standardized battery.

Voltage range 1 encompasses all presently standardized batteries with a nominal voltage of
about 1,5V, i.e. "no-letter" system, systems A, F, G, L, P, S and Z.

1) The standard discharge voltage Ug was introduced to comply with the principle of experimental verifiability.
Neither the nominal voltage nor the maximum off-load voltage complies with this requirement.


https://iecnorm.com/api/?name=eec00207367aef5219eb10ce55595956

- 16 - 60086-1 © IEC:2006(E)

Voltage range 2 encompasses all presently standardized batteries with a nominal voltage of
about 3 V, i.e. systems B, C and E.

Because batteries from voltage range 1 and voltage range 2 show significantly different
discharge voltages, they shall be designed to be physically non-interchangeable. Before
standardizing a new electrochemical system, its standard discharge voltage shall be
determined in accordance with the procedure given in Annex F to resolve its
interchangeability by voltage.

WARNING Failure to comply with this requirement can present safety hazards to the user, such as fire, explosion,
leakage and/or device damage. This requirement is necessary for safety and operational reasons.

4.2 Perfermanee

4.2.1 Discharge performance

Discharpe performance of primary batteries is specified in IEC 60086-2 gnd IEC6 8E>3.
4.2.2 Dimensional stability

The dinfensions of batteries shall conform with the relgv mensions as given in
IEC 60086-2 and IEC 60086-3 at all times during/di under the dtandard
conditions given in this specification.

NOTE 1 |An increase in battery height of 0,25 m systems,
if discharged below end-point voltage.

NOTE 2 |For certain button cells (coin cells) of occur as
discharge| continues.

4.2.3 Leakage

When | in this
specific

4.2.4

The mai h 4.1.4,
Table 3

4.2.5

Dischar jiven in
IEC 600

4.2.6 Safety

When designing primary batteries, safety under conditions of intended use and foreseeable
mis-use, as prescribed in IEC 60086-4 and IEC 60086-5, shall be considered.

5 Performance - Testing

5.1 General

For the preparation of standard methods of measuring performance (SMMP) of consumer
goods, refer to Annex G.

5.2 Discharge testing

The discharge tests in this standard fall into two categories:
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— application tests;
— service output tests.

In both categories of tests, discharge loads are specified in accordance with 6.4.

The methods of determining the load and test conditions are as follows:

5.21 Application tests

a) The equivalent resistance is calculated from the average current and average operating

voltage of the equipment under load.

Al

b Th £ 41 1 o H 14+ 4l : 1 4 HS 1 ra ok
e [ etotrarena pomtvorageantme equrvarent resStstanctevarae—aye—o0

datal on all the equipment measured.

c) The|median class defines the resistance value and the end-poir
the discharge test.

d) If the data are concentrated in two or more widely separaté
may|be required.

e) In selecting the daily discharge period, the total
congidered.

The daily period then becomes the nearest pref
total wegkly usage.

NOTE 1 [Some flxed resistance tests have be

test equig
better representatlon of the appllcatlon

In the fu

H Al
LLLA~A®]

rom the

be\lised for

bne test

ipment is

h of the

lity of the
may be a

that the

load characteristics of « arti ategory) of eguipment will change with time in a

developjng technology

The precise dete q
possibld. The dé&} :
of equigment which n

always
ategory

Nevertheless, i i iitdations, the derived application test is the best approach
known f| i [ ery capability for a particular category of equipment.

NOTE 2 inintize the proliferation of application tests, the tests specified should be those accounting
for 80 %

5.2.2 Sefviceautput tests

For service—eutput—tests—the—valve—oftheloadresister—should—be—seleeted—sueh—that the

service output approximates 30 days.

When full capacity is not realized within the required time scale, the service output may be
extended to the shortest suitable duration thereafter by selecting a discharge load of higher

ohmic value, as defined in 6.4.

5.3 Conformance check to a specified minimum average duration

In order to check the conformance of a battery, any of the application tests or service output

tests specified in IEC 60086-2 and IEC 60086-3 may be chosen.

The test shall be carried out as follows:

a) Test nine batteries.
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NOTE Djscharge performance of primary batteries is specified in IEC 60086-2.

5.4

This method is described in Annex D.

5.5

Open-cifcuit voltage shall be measured

5.6

Dimenslons shall be measured with th

5.7

the discharge s
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Calculate the average without the exclusion of any result.

If this average is equal to or greater than the specified figure and no more than one
battery has a service output of less than 80 % of the specified figure, the batteries are
considered to conform to service output.

If this average is less than the specified figure and/or more than one battery has a service
output of less than 80 % of the specified figure, repeat the test on another sample of nine
batteries and calculate the average as previously.

If the average of this second test is equal to or greater than the specified figure and no
more than one battery has a service output of less than 80 % of the specified figure, the
batteries are considered to conform to service output.

If the average of the second test is less than the specified figure and/or more than one
battéry has a service output of less than 80 % of the specified figure, thwnes are

congidered not to conform and no further testing is permitted.

Clalculation method of the specified value of mini

gcCyV testing
6.8.1.

Blattery dimensions

Leakage and deforn

5 for the

After the service Eutp y d under the specified environmental conditions,

first time below
and 4.2

NOTE F
clause of

3, 4.2.2
3 shall be

hpplicable

Storage| before discharge testing, and the actual discharge test, is carried out unger well
defined conditions. Unless otherwise specified, the conditions given in Table 4 shall apply.
The discharge conditions shown are further referred to as standard conditions.
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Table 4 — Conditions for storage before and during discharge testing

Storage conditions Discharge conditions
Type of test Temperature Relative Temperature Relative
. humidityd Duration . humidityd
c % c %
Initial discharge test 20 + 2a 60+ 15 | 60 days maximum after 20+ 2 60 + 15
date of manufacture
Delayed discharge test 20 £ 2a 60 £ 15 12 months 20+ 2 60 £ 15
Delayed discharge test 45+ 2¢ 50 + 15 13 weeks 20 %2 60 £ 15
(high temperature)P

@ Durind

b This t

bst is carried out when a storage test at high temperature is required. Perfor,

subjeg¢t of agreement between manufacturer and customer.

C Batterjes to be stored unpacked.

ance uiremen

Short periods only, the storage temperature may deviate from these Tmits without exgeedingZo T 35 °C.

are the

Except “P” system: (60 % * 10 %) RH. (\
~\

6.2 Commencement of discharge tests after stor

The perjod between the completion of storage and the

not excg¢ed 14 days.

During this period the batteries shall b

for P-sy

At leas{ one day in these

6.3 Discharge test|con

In ordell to test a_batte

on load

expressed as ad

When |k

meet all

6.4 L

The val
specifie

drops for

iStive load (which includes all parts of the external circuit) sha
din‘the relevant specification sheet and shall be accurate to + 0,5 %.

(except

arting a

voltage
may be

es shall

Il be as

When formulating new tests, the resistive load shall, whenever possible, be as shown in

Table 5.
Table 5 — Resistive loads for new tests
Values in ohms
1,00 1,10 1,20 1,30 1,50 1,60 1,80 2,00
2,20 2,40 2,70 3,00 3,30 3,60 3,90 4,30
4,70 5,10 5,60 6,20 6,80 7,50 8,20 9,10

together with their decimal multiples or sub-multiples.
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6.5 Time periods

The periods on-discharge and off-discharge shall be as specified in IEC 60086-2.

When formulating new tests, whenever possible, one of the following daily periods should be
adopted:

Table 6 — Time periods for new tests

1 min 5 min 10 min 30 min

1h 2h 4 h 24 h (continuous)

Other clases are specified in IEC 60086-2, if necessary.

6.6 Tlest condition tolerances

Unless ptherwise specified, the tolerances given in Table 7 sha{l ap

Table 7 — Test condition tole ce

Test parameter /ToI?1'87nce >
Temperature f\\/QZ/LC/\
Load (\\ 6 t d(5 "}(\) ‘\/

Voltage

Relative humidity %
(\ _system £ 10 %

Time “a urw |sc\a@ tlg\w Tolerance
< l‘d <Zs +5 % of g
25451005 £0,1s
N> 100's £0,1 % of 14
batteries

min“shall elapse between activation and the commencement of

The accuracy of the measuring equipment shall be <0,25 % and the precision shall be <50 %
of the value of the last significant digit. The internal resistance of the measuring instrument
shall be 21 MQ.

6.8.2 Mechanical measurement

The accuracy of the measuring equipment shall be < 0,25 % and the precision shall be < 50 %
of the value of the last significant digit.
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7 Sampling and quality assurance

The use of sampling plans or product quality indices should be agreed between manufacturer

and purchaser.
Where no agreement is specified, the options in 7.1 and/or 7.2 are recommended.

7.1 Sampling

711 Testing by attributes

When t¢sting by attributes is required, the sampling plan chosen shall b hce with
the spetifications of IEC 60410. The individual parameters to be tes eptable
quality level (AQL) values shall be defined (a minimum of three bg me type
shall be|tested).

7.1.2 Testing by variables

When testing by variables is required, the sampling plan_chq accordamnce with
ISO 3941. The individual parameters to be tested, th cceptable quality
level (AQQL) shall be defined.

7.2 Product quality indices

Considd sessing
and ensluring product quality.

7.21 Capability inde

cp is an index that repres g of the
tolerande range could e ; 'rined as
¢p = (UFL-LSL)/p io is >1
and cer cp = 1,
automatfically 2 70

NOTE U = lower specification limit; R = mean value of the range of the
process; ient related to R .

7.2.2

Cpk is ahother cess capability index that tells whether the process is capable of meeting
tolerandes’and whetier the process is centred around the target value.

Like Cps it is assumed the samples come from a stable process and variation is random
variation, measured as within sample variation, R/d,, from the control chart, where ¢’= R/d,.

¢pk IS the minimum of:
USL-X , X - LSL
30’ 30’

7.2.3 Performance index (pp)

P, is a process performance index that explains how much of the tolerance range is used up
by the total variation in the system. It is a measure of how the system is actually performing
because all sources of variation are included in o’r. This o't is calculated by taking all the

observations as one large sample. Pp is defined as (USL — LSL)/60 .
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7.2.4  Performance index (pp)

Ppk is another process performance index that is a measure of actual process performance as
Pp above, but like Cpk it also tells how well the process is centred.
Ppk is the minimum of:

USL - X o X - LSL
307 307

where ¢’r includes all sources of variation in the system.

8 Balltery packaging

A code pf practice for battery packaging, shipment, storage, use and ne )und in

5
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Annex A
(normative)

Guidelines for the standardization of batteries

Cells and batteries shall meet the following requirements to justify their initial inclusion or on-
going retention in the IEC 60086 series:

a) The battery is in mass production.

b)  THe battery is available in several market places of the world.

c) THhe battery is produced currently by at least two independent b patent
hglder(s) of which shall conform to the requirements containg §O/IEC
Directives, Part 1, Reference to patented items.

d) THe battery is produced in at least two different countries\or, altexnative attery is
purchased by other international and independent bajte v d under
their company label.

Necessary items to include in any new work proposa > i individual hattery:

1)  Conformance statement to items g

2) D

3) D

4) Discharge conditions.
M

5) nimum average d%

bsignation and electrochemicd e
mensions (including drawings).
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Annex B
(normative)

Equipment design

B.1 Technical liaison

It is recommended that companies producing battery-powered equipment should maintain

B.2

Battery
easily in
should

the equ
national

The de

terminal.

Equipm
proof.

Clearly

indicate@t
insertion.

Use the

(=) batt
batterie

Battery
so as t
physica

atcepted. In p3
i this standard, e

ly¢eontact the electric circuit. Care should be taken in the choice of materials

e taken
be one
he IEC

ries are
tontacts
rticular,
ven if a

battery

tamper-

inals in
egative
hserting

sitioned
should
and the

design

hf contacte to ancura that affactiva alactrical caontant ic Mmada and maintaina
H—oHta6t5—to—eRSutre—Hat—eHeecthre—e+ e etHea+— 6o htaet+15—Hhaae—ahRa—athtaihe

under

conditions of use even with batteries at the extremes of dimensions permitted by this standard.
Battery and equipment terminals should be of compatible material and low electrical

resistan

ce.

Battery compartments with parallel connections are not recommended since a wrongly placed
battery will result in charging conditions.

Equipment designed to be powered by air-depolarized batteries of either the "A" or "P" system
must provide for adequate air access. For the "A" system, the battery should preferably be in
an upright position during normal operation. For "P" system batteries conforming to Figure 4
of IEC 60086-2, positive contact should be made on the side of the battery, so that air access
is not impeded.
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Although batteries are very much improved regarding their resistance to leakage, it can still
occur occasionally. When the battery compartment cannot be completely isolated from the
equipment, it should be positioned so as to minimize possible damage.

The battery compartment shall be clearly and permanently marked to show the correct
orientation of the batteries. One of the most common causes of dissatisfaction is the reversed
placement of one battery in a set, which may result in battery leakage and/or explosion and/or
fire. To minimize this hazard, battery compartments should be designed so that a reversed
battery will result in no electrical circuit.

The associated circuitry should not make physical contact with any part of the battery except
at the surfaces intended for this purpose.

Designgrs are strongly advised to refer to IEC 60086-4 and IEC 60086-3 forco reJhensive
safety cpnsiderations.

B.3 VYoltage cut-off

In orden to prevent leakage resulting from a battery bei
voltage [cut-off shall not be below the battery manufag

S

uipment
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Annex C
(normative)

Designation system (nomenclature)

The battery designation system (nomenclature) defines as unambiguously as possible the
physical dimensions, shape, electrochemical system, nominal voltage and, where necessary,
the type of terminals, rate capability and special characteristics.

This anhex is divided into two clauses:

Clause [C.1 defines the designation system (nomenclature) in use up

Clause |C.2 defines the designation system (nomenclature) if 1990 to

accommodate present and future needs.

C.1 Designation system in use up to October 1990

This clajuse applies to all batteries which have he C and will
remain Valid for those batteries after that d

c.11 Cells

A cell i designated by a gapital lette foI umber. The letters R, F and $ define
round, flat (layer built) add sgu respectively. The letter, together with the fpllowing
number}), is defined by a s i diensions:

Where a single- SPB t aximum dimensions of the battery instedd of the
nomina]dimens@ i inYables C.1, C.2 and C.3. Note that these tables do
not inclyde electrochemi 5e other
parts of e tables
only pragvi

2) At the time this system was applied, numbers were allocated sequentially. Omissions in the sequence arise
because of deletions or by the different approach to numbering used even before the sequential system.
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Table C.1 — Physical designation and dimensions of round cells and batteries

Dimensions in millimetres

Nominal cell dimensions

Maximum battery dimensions

Physical designation

Diameter Height Diameter Height

RO6 10 22 - -
RO3 - - 10,5 44,5
RO1 - - 12,0 14,7
RO 11 19 - -
R1 - - 12,0 30,2
R3 13,5 25 - -

4 13,5 38

6 - _

9 — —

10 - -

12 - -

14 - -

15 24

17
18
19
20
22
25
26
27
40
41
42

NN
ISEES

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

48

50

51

52 1

53 6

4 N - - 11,6 3,05

5 - - 11,6 2.t

56 - - 11,6 2p

57 - - 9,5 2

58 - - 7.9 2.t
R59 - - 7.9 2,6
R60 - - 6,8 2,15
R61 7.8 39 - -
R62 - - 5,8 1,65
R63 - - 5,8 2,15
R64 - - 5,8 2,70
R65 - - 6,8 1,65
R66 - - 6,8 2,60
R67 - - 7.9 1,65
R68 - - 9,5 1,65
R69 - - 9,5 2,10
R70 - - 5,8 3,6

NOTE The complete dimensions of these batteries are given in IEC 60086-2 and IEC 60086-3.
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Table C.2 — Physical designation and nominal overall dimensions of flat cells

Dimensions in millimetres

Physical designation Diameter Length Width Thickness
F15 14,5 14,5 3,0
F16 14,5 14,5 4,5
F20 24 13,5 2,8
F22 24 13,5 6,0
F24 23 - - 6,0
F25 23 23 6,0
F30 32 21 3y
F40 32 21
F50 32 32
F70 43 4
F80 43 43
F90 43
F92 54 %

F95 54 38 7,

F100 %(\ /\ 4 104

NOTE Tlhe complete dimensions of these baﬁ{rie\a\réqvén & IEC 008\6/2

Table C.3 - PhyS|caI de3|gnat| na iménsions>of square cells and batteries

Dimensions in millimetres

Physikal o mzh\qell dlrQWIO\S\\J Maximum battery dimensions

designation [ cagerl [ “Width Height Length Width He|ght
S4 \/ - d 57,0 57,0 125,0

S6 5 150 - - -
S8 - - 85,0 85,0 200,0
S1( 5 180 - - -

NOTE I'pe\cbﬁplete}%\en%ns ese batteries are given in IEC 60086-2.

In some cas iz€s which are not used in IEC 60086-2 have been retained in these
tables becalsge of\thejt use in national standards.

c.1.2 Electrochemical system

With the exception of the zinc-ammonium chloride, zinc chloride-manganese dioxide system,
the letters R, F and S are preceded by an additional letter which denotes the electrochemical
system. These letters can be found in Table 3.

Cc.1.3 Batteries

If a battery contains one cell only, the cell designation is used.

If a battery contains more than one cell in series, a numeral denoting the number of cells
precedes the cell designation.
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If cells are connected in parallel, a numeral denoting the number of parallel groups follows the
cell designation and is connected to it by a hyphen.

If a battery contains more than one section, each section is designated separately, with a
slash (/) separating their designation.

C1.4 Modifiers

In order to preserve the unambiguity of the battery designation, variants of one basic type are
differentiated by the addition of a letter X or Y to indicate the different arrangements or
terminals and C, P or S to indicate different performance characteristics.

CA1.5 Examples

R20 A battery consisting of a single R20-size cell of the zin
chloride-manganese dioxide system.

&e, zinc

LR20 | A battery consisting of a single R20-size cell of the 5<8 i droxide-
3R12 | A battery consisting of three R12-size cells_of iF e, zinc

4R25X | A battery consisting of four R25-size
chloride-manganese dioxide
contacts.

amonium chlorigle, zinc
tes and with spiral spring

C.2 Designation system in use si

This clause applies to all batterie i rdization after October 1990.

The bagis for this designatio fure) is to convey a mental concepgt of the

battery fthrough the desigration is is accomplished by using a diameter| from a
cylindrical envelna height i concept for all batteries, round (R) and non-round (P).
This clduse also 8 S elMbatteries and multi-cell batteries with cells in series
and/or i

aximum diameter 11,6 mm and a height of maximum 5,4 mm is
designa regeded by a code for its electrochemical system, as describef in this
clause.

C.21

c.21.1

The designation for round batteries with a diameter and height less than 100 mm is as shown in
Figure C.1.
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] &) [ [ 3 O3 ]

Modifiers
(see Note 2)

Code denoting height in
0,01 mm if needed (refer
to Table C.6 and
C.2.1.1.2)

Numbef of cells or
parallel strings in
series ($ee Note 1)

Letter denoting
electroghemical system

(refer tp Table 3)
Code denoting ode |ng X|mu dlamet r
shape (R = round) (refer to b C.4.5nd 1.1,
IEC 2219/d6

NOTE 1 |The number of cells or strings in

NOTE 2 |Modifiers are included 2sig -8 ifig’terminal arrangement, load capability and further
special characteristics.

Figur¢ C.1-D 0 mm

C.21.1.

The dia

The dia

a) assi
b) assi
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Table C.4 — Diameter code for recommended diameters

Dimensions in millimetres

Code Re_comme_nded Code Re_comme_nded
maximum diameter maximum diameter
4 4,8 20 20,0
5 5,8 21 21,0
6 6,8 22 22,0
7 7,9 23 23,0
8 8,5 24 24,5
9 9,5 25 25,0
10 10,0 26
11 11,6 28
12 12,5 30
13 13,0 32
14 14,5 34
15 15,0 36
16 16,0 3
17 17,0 40
18 18,0
19 19,0 7

XX |C

Table C.5 — Diameter ¢ode for

@f\

mended diameters

AZAN

Maximmum diameter {mm)
(integer

Decimal part of
maximum diameter

Code “C”

0,0
0,1
0,2
0,3
0,4

>

0,6
0,7
0,8
0,9

r X« I @mOO
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Cc.2.1.1.2 Method for assigning the height code

The height code is the number, denoted by the integer of the maximum height of the battery,
expressed in tenths of a millimetre (e.g. 3,2 mm maximum height is denoted 32).

The maximum height is specified as follows:

a) for flat contact terminals, the maximum height is the overall height including the terminals;
b) for all other types of terminals, the maximum height is the maximum overall height
excluding the terminals (i.e. shoulder-to-shoulder).

If the height in hundredths of a millimetre needs to be specified, the hundredth of a millimetre
may be |[denoted by a code according to Table C.6.

Table C.6 — Height code for denoting the hundredths of a piiNimetre 6f\hei gt

C

Maximum height
(tenths of a millimetre) C .

) Code “C”

A

B

C

D

E

G

H

J

K

L
NOTE T
EXAMPLEH
LR1154: isting of a round cell or string in parallel with a maximum diameter of 11,6 mm (Tgble C.4),

and a makimdm height of 5,4 mm, of the zinc-alkali metal hydroxide-manganese dioxide system.
EXAMPLE 2

LR27A116: A battery consisting of a round cell or string in parallel with a maximum diameter of 27 mm (Table C.5)
and a maximum height of 11,6 mm, of the zinc-alkali metal hydroxide-manganese dioxide system.

EXAMPLE 3

LR2616J: A battery consisting of a round cell or string in parallel with a maximum diameter of 26,2 mm (Table C.4),
and a maximum height of 1,67 mm (Table C.6), of the zinc-alkali metal hydroxide-manganese dioxide system.
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C.21.2 Round batteries with diameter and/or height over or equal to 100 mm

The designation for round batteries with a diameter and/or height = 100 mm is as shown in
Figure C.2.

I B B N VA o N s I

Number of cells or Modifiers
parallel strings in (see Note 2)
series
(see Note 1)
Integer of maxymum height
in miIIimetN
(N
Lefter denoting (\
electrochemical
sygtem “I” separating di tenan
(refer to Table 3) height code
A\

AN

IEC 2220{06

Code denoting shape Integer of maximdm dia ta\
(R =round) in millimetres m

ifled.

NOTE 1 |The number of cells or strings in para

NOTE 2 | Modifiers are included to designatey for ‘exan , termingl arrangement, load capability and
further spcial characteristics.

Figuie C.2 — Designation system f ; @ 2100 mm; height A 2100 mm

Cc.2.1.2(1

The dia

The dia
millimetf

C.2.1.2, g the height code

The hei
expres

denoting the integer of the maximum height of the |battery,

The maki e s specified as follows:

a) for flat.contact terminals (e.g. batteries according to Figures 1 to 4 in IEC 60084-2), the
maximum height is the overall height including the terminals;

b) for all other types of terminals, the maximum height is the maximal overall height
excluding the terminals (i.e. shoulder-to-shoulder).

EXAMPLE 5R184/177: A round battery consisting of five cells or strings in parallel of the zinc-ammonium chloride,
zinc chloride-manganese dioxide system, connected in series, having a diameter of 184,0 mm and a shoulder-to-
shoulder maximum height of 177,0 mm.

C.2.2 Non-round batteries

The designation system for non-round batteries is as follows:

An imaginary cylindrical envelope is drawn, encompassing the surface from which the
terminals first emerge from the battery case.
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Using the maximum dimensions of length (/) and width (w), the diagonal is calculated, which is
also the diameter of the imaginary cylinder.

For the designation, the integer of the diameter of the cylinder in millimetres and the integer
of the maximum height of the battery in millimetres is applied.

The maximum height is specified as follows:

a) for flat contact terminals, the maximum height is the overall height including the terminals;

b) for all other types of terminals, the maximum height is the maximum overall height
excluding the terminals (i.e. shoulder-to-shoulder).

NOTE In] the event that there are two or more terminals emerging from different surfaces, the ons with- the highest

voltage applies.

c.2.21 Non-round batteries with dimensions <100 mm

re C.3.

The dedignation for non-round batteries with dimensions <100 mm is shownNp

N

R I 7«} NI
U

Number|of cells or PModifiers

parallel gtrings in \G_)\/ (see Note 2)

series (4ee Note 1)

Integer of the maximum height
the battery expressed

- - /\ in millimetres
Letter dgnoting electrochemlcaﬁ\ \)\/

system (refer to Table 3)

\/ eger of the diameter expressed in millimetres
\/\ (see Note 3) of the cylindrical envelope
Cod noting shaoe— ] encompassing the maximum length and width
(P & ndaxoun dimensions of the surface from which the
terminals first emerge
\ \> IEC 2221/06
Fi¢ signation system for non round batteries, dimensions <100 mm

NOTE 1

NOTE 2 [Modifiers are~N
character|stics”

The nu

er of cells or strings in parallel is not identified.

luded to designate, for example, specific terminal arrangement, load and furthger special

NOTE 3 In case the height needs to be discriminated in tenths of a millimetre, the letter code shown in Table C.7
applies.

EXAMPLE 6LP3146: A battery consisting of six cells or strings in parallel of the zinc-alkali metal hydroxide-
manganese dioxide system, connected in series with a maximum length of 26,5 mm, a maximum width of 17,5 mm,
and a maximum height of 46,4 mm.

The integer of the diameter of this surface (/ and w) is calculated according to:
12 +w? = 31,8 mm; integer = 31.

C.2.2.2 Non-round batteries with dimensions 2100 mm

The designation for non-round batteries with dimensions 2100 mm is as shown in Figure C.4.
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I I I S N | A N o

Modifiers
(see Note 2)

Number of cells
or parallel strings
in series

(see Note 1)

Integer of the maximum height
of the battery expressed
in millimetres (see Note 3)

electrophemical system height codes

Letter glenoting Symbol separating the le {IWWMth a
(refer tp Table 3)

Code denoting shape ce
(P = non-round)
IEC 2222/p6
Figure C.4 — Designation syste i jimensions 2100 mm
NOTE 1 |The number of cells or strings in parallel is not identif
NOTE 2 |Modifiers are included to designate, for-e: iffis_terminal arrangement, load and further special
character|stics.
NOTE 3 [In case the height need iscrimi e illimetre, the letter code shown in [Table C.7
applies.
Table C.7 i iscrimination per tenth of a millimetre

I\'IaX|m ag%
in rr etr s( nteg

\> Decimal part of height Code
mm
0,0 A
0,1 B
62 €
0,3 D
0,4 E
0,5 G
0,6 H
0,7 J
0,8 K
0,9 L

NOTE The tenths of a millimetre code is only used when needed.

EXAMPLE 6P222/162: A battery consisting of six cells or strings in parallel of the zinc-ammonium chloride, zinc
chloride-manganese dioxide system, connected in series, with a maximum length of 192 mm, a maximum width of
113 mm, and a maximum height of 162 mm.
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C.2.3  Ambiguity

In the unlikely event that two or more batteries would have the same diameter of the
encompassing cylinder and the same height, the second one will be designated with the same
designation extended with ‘—1’.

Table C.8 — Physical designation and dimensions of
round cells and batteries based on Clause C.2

Dimensions in millimetres

Physical Maximum battery dimensions
designation
Diameter Height
R772 7,9 7,2
R1025 10,0 2,5 <‘
R1216 12,5 ,
R1220 12,5
R1225 12,5
R1616 16,0
R1620 16,0
R2012 20,0
R2016 20,0
R2020
R2025
R2032
R2320
R2325
R2330
354 5,4
2,0
2,5
3,0
24,5 5,0
30,0 3,2
11,6 10,8
13,0 25,2
12,0 60,4
14,5 25,0
15,6 27,0
\ 17335 17,0 33,5
R17345 17,0 34,5
R17450 17,0 45,0

NOTE The complete dimensions of these batteries are given
in IEC 60086-2 and IEC 60086-3.
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Table C.9 — Physical designation and dimensions

of non-round batteries based on Clause C.2

Dimensions in millimetres

g Pt!ysicta_\I Designation Maximum battery dimensions
esignation (original) Length Width Height
2P3845 2R5 34,0 17,0 45,0
2P4036 R-P2 35,0 19,5 36,0

NOTE 2 The complete dimensions of these batteries are given in IEC 60086-2.

NOTE 1 The actual used designation of these batteries is 2R5 and R-P2 since these batteries were
already recognized under these numbers before they were standardized.

=4

@%
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Annex D
(normative)

Calculation method for the specified value
of minimum average duration

The calculation method for specifying the value of the minimum average duration is as follows:

a) Prepare minimum 10 weeks' data of duration values which are randomlWected.

b) Cald

Rem
calc

c) Calg
d) Mini

Calcula

duration.

e above two as its minimum

hverage
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Annex E
(normative)

Code of practice for packaging, shipment, storage,
use and disposal of primary batteries

The greatest satisfaction to the user of primary batteries results from a combination of good
practices during manufacture, distribution and use.

form of pdvice to battery manufacturers, distributors and users.

The purlpose of this code is to describe these good practices in gener termwkes the

E.1 Packaging
The pag i i i i ransport, hand]ing and

stacking. @ development of

E2 T

Shock 4 i i i . boxes should not be thfown off

trucks, below.
Protecti

E.3

The sto

For normal storag e she exceed
+30 °C. ' over A5 % and below 40 % relative humidity) for siistained
periods i i tkaging.
Batterie ight.
Althoug improved
at lower s below
-10 °C) special
protecti hined to
protect them—frem——econdensation—during—the—time—they—are—warming—to—ambienttemperature.

Accelerated warming is detrimental.

Batteries which have been cold-stored should be put into use as soon as possible after return
to ambient temperature.

Batteries may be stored, fitted in equipment or packages if determined suitable by the battery
manufacturer.

The height to which batteries may be stacked is clearly dependent on the strength of the pack.
As a general guide, this height should not exceed 1,5 m for cardboard packs or 3 m for
wooden cases.

The above recommendations are equally valid for storage conditions during prolonged transit.
Thus, batteries shall be stowed away from ships’ engines and not left for long periods in
unventilated metal box cars (containers) during summer.
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Batteries shall be dispatched promptly after manufacture and in rotation to distribution centres
and on to the users. In order that stock rotation (first in, first out) can be practised, storage
areas and displays shall be properly designed and packs adequately marked.

E.4 Displays at sales points

When batteries are unpacked, care should be taken to avoid physical damage and electrical
contact. For example, they should not be jumbled together.

Batteries intended for sale should not be displayed for long periods in windows exposed to
direct sunlight.

The battery manufacturer should provide sufficient information to enableh o select
the correct battery for the user's application. This is especially impoft ying the
first batjeries for newly purchased equipment.

Test meters do not provide reliable comparison of the s m good

batterieg of different grades and manufacture. They do, hoy S.

E.5 $election, use and disposal

E.5.1 Purchase

The corfect size and grade of battery mo i chased.

Many mia htion on

the gr% on the

equipment.

In the ejvent that the rg ailable,
selected.

battery label. The battery should als¢ clearly
of the manufacturer or supplier, the |[date of

z e expiration of a guarantee period, in clear|as well
me batteries, part of this information may be on the pdckaging

the IEC|designatign for elect
This designatio
indicate| the vol 8

manufa¢ture, which

as the p

(see 4.1.6.

E.5.2

Before i ihto the battery compartment of the equipment, the contactq of both

equipment an
necessgryy clean

ies should be checked for cleanliness and correct positigning. If
a damp cloth and dry before inserting.

It is of extreme importance that batteries are inserted correctly with regard to polarity (+ and -).
Follow equipment instructions carefully and use the recommended batteries. Failure to follow
the instructions, which should be available with the equipment, can result in malfunction and
damage of the equipment and/or batteries.

E.5.3 Use

It is not good practice to use or leave equipment exposed to extreme conditions, for example
radiators, or cars parked in the sun, etc.

It is advantageous to remove batteries immediately from equipment which has ceased to
function satisfactorily, or when not in use for a long period (e.g. cameras, photoflash, etc.).

Be sure to switch off the equipment after use.
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Store b

E.5.4

atteries in a cool, dry place and out of direct sunlight.

Replacement

Replace all batteries of a set at the same time. Newly purchased batteries should not be
mixed with partially exhausted ones. Batteries of different electrochemical systems, grades or
brands should not be mixed. Failure to observe these precautions may result in some
batteries in a set being driven beyond their normal exhaustion point and thus increase the

probabi

E.5.5

Primary,
contrary

details.

lity of leakage.

Disposal

local legal requirements exist. Refer to IEC 60086-4 and |

~

ided no
further
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