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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PRIMARY BATTERIES -

Part 1: General

FOREWORD
The International Electrotechnical Commission (IEC) is a worldwide organization for standardizati pmprising
all ngtional electrotechnical committees (IEC National Committees). The obj i promote

fields. To
ifications,

internfitional co-operation on all questions concerning standardization in the ele
this ehd and in addition to other activities, IEC publishes International Stan

Technfical Reports, Publicly Available Specifications (PAS) and Guides as “IEC
Publidation(s)”). Their preparation is entrusted to technical committees; any nterested
in thg subject dealt with may participate in this preparatory work. and non-
govermmental organizations liaising with the IEC also participate in thi ts closely

with the International Organization for Standardization (ISO) in &dccordance With- conditions detefqmined by
agreement between the two organizations.

The fdrmal decisions or agreements of IEC on technical matte
consehsus of opinion on the relevant subjects since eac
interegted IEC National Committees.

possible, an intgrnational
s representation from all

IEC Publications have the form of recommeé i i National
Comni j e nt of IEC

Publig r for any
misinte

In ord blications
transp vergence
betwep indicated in
the lafter.

IEC itp Independent certification bodies provide gonformity
assesp marks of conformity. IEC is not responsible for any
service

All us

No liapili € i i employees, servants or agents including individual experts and
memb i \ EC National Committees for any personal injury, property damage or
other Y S whether direct or indirect, or for costs (including legal fees) and
expen j8TR the “publication, use of, or reliance upon, this IEC Publication or any ¢ther IEC
Publid

Attent F Qrmative references cited in this publication. Use of the referenced publications is
indisp : i i icati

Attent i to the possibility that some of the elements of this IEC Publication may be the jubject of
paten{ ri SIE€ shall ot be held responsible for identifying any or all such patent rights.

Internat|onal’ Standard IEC 60086-1 has been prepared by IEC technical commiftee 35:
Primary cells and batteries.

This twelfth edition cancels and replaces the eleventh edition (2011) and constitutes a
technical revision.

The major technical changes with respect to the previous edition are:

the order of the Annexes was changed to the order in which they appear in the document
and a caption was added to indicate where the Annex information first appears in the
document;

the humidity conditions for non P-system batteries in Table 3 was modified;

the standard discharge voltage for the Y and W chemistries was determined to be at 3,5 V
and 2,8 V respectively;

details on capacity measurement were moved from Annex E to Subclause 5.1.
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— the coin/button cell and battery definition was clarified in order to better address issues
with the swallowing of coin cells.

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

FDIS

Report on voting

35/1346/FDIS

35/1349/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.

A list of
found o

The con
the stabi
related

*  reco
* with

nfirmed,
drawn,

* replaced by a revised edition, or

¢ ame

A biling

nded.

hal version of this publication

&@

ay be issbied

ater date.

can be

ed until
ne data
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INTRODUCTION

The technical content of this part of IEC 60086 provides fundamental requirements and
information on primary cells and batteries. All batteries within the IEC 60086 series are
considered dry cell 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 Skpfety information is available in IEC 60086-4, IEC 60086-5 and IEC 62281

@C@
8
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PRIMARY BATTERIES -

Part 1: General

1 Scope

This part of IEC 60086 is intended to standardize primary batteries with respect to dimensions,
nomenclature, terminal configurations, markings, test methods, typical performance, safety
and envronmentalr aspects.

As a prjmary battery classification tool, electrochemical systems a ized with
respectito system letter, electrodes, electrolyte, nominal and maxi e Ut page.

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

The object of this part of IEC 60086 is to benefit prim 3 3 BVA igners and
battery | manufacturers by ensuring that batteries \ manufacturgrs are
interchangeable according to standard form, fj F , to]|ensure
compliahce with the above, this part s primary cells
and batferies.

2 Normative references

The foll i ormatively referenced in this docunfent and
are indigpensable for its apyplication. ated refgfences, only the edition cited applies. For
undated references, |[ftl ) i § referenced document (includihg any

amendnpents) a@.

IEC 60086-2:-1, PFi

IEC 600
IEC 600

IEC 600 yte

3 Terms’and definitions

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

3.1
application test
simulation of the actual use of a battery in a specific application

3.2

battery

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

1 To be published.
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[SOURCE:IEC 60050-482:2004, 482-01-04, modified definition]

3.3
button (cell or battery)
small round cell or battery where the overall height is less than the diameter

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

3.4
cell
basic functional unit, consisting of an assembly of electrodes, electrolyte, container, terminals
and usyally separators, that is a source of electric energy obtained by (direct\conversion of
chemicgl energy

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

3.5
closed-circuit voltage
CCV (abbreviation)

voltage facross the terminals of a battery when it is opf di

en the terminals pf a cell

[SOURCE:IEC 60050-482:2004, 482-0 \ y
or battefy" replaced by "voltage across S

3.6
coin (cell or battery)
see butfon (cell or battery

3.7

cylindrical (cell ox bati
round cell or ba y

[SOUR(
by "rour

eplaced

operatig

3.9

dry (primary) battery
primaryrtl_ﬂ—rﬁrrlﬁ_r_l_ﬂ—t_n—mﬁ—a ery in which the fiquid efectrotyte 15 essentially immobitize

[SOURCE:IEC 60050-482:2004, 482-04-14, modified]

3.10
effective internal resistance — DC method
the internal d.c. resistance of any electrochemical cell is defined by the following relation:

AU (V)

k@@= A)
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3.1

end-point voltage

EV (abbreviation)

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

[SOURCE:IEC 60050-482:2004, 482-03-30]

3.12
leakage
unplanned escape of electrolyte, gas or other material from a cell or battery

[SOURCE:IEC 60050-482:2004, 482-02-32]

3.13
minimum average duration
MAD (apbreviation)

minimurn average time on discharge which is met by a sample gf b

Note 1 to|entry: The discharge test is carried out according to the specifi
to show cpnformity with the standard applicable to the battery types

designed

3.14
nominal voltage (of a primary battery)
V, (sympol)
suitable| approximate value of the volts
electrochemical system

desig ath dentify a cell, a battefy or an

%ji ddition of "(of a primary battefy)" and

[SOURCE:IEC 60050-482:2004, 482-08-31
symbol )]

3.15
open-circuit voltage
OCV (a )breviati@
voltage jacross theve

3.16
primary
cell or b

3.17
round (
cell or b

3.18
service output (of a primary battery)
service life, or capacity, or energy output of a battery under specified conditions of discharge

3.19
service output test
test designed to measure the service output of a battery

Note 1 to entry: 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.
3.20

small battery
cell or battery fitting entirely within the limits of the truncated cylinder as defined in Figure 1


https://iecnorm.com/api/?name=7e475dfa593f92e9176c7731b8c35647

IEC 60086-1:2015 © IEC 2015 -1 -

Inner dimensions in millimetres (mm)

A

+0,1
571 0

+0,1
254 0

Figure 1 — Ingestion gauge

3.21
storage life
duratiorf under specified conditions at the end of which 3
specifiefd service output

s ability to perform a

[SOURCE:IEC 60050-482:2004, 482-08 utput")]

3.22
termindls (of a primary batfery)
conductjve parts of a batteg

4 Requiremenfs
4.1 General

411

Primary y in consumer markets. In recent years, they have [pbecome
more sq mistry and construction, for example both capacity and rate
capabili i ased 10 meet the growing demands from new, battery-powered equipment
technold

When designing privhary batteries, the aforementioned considerations shall be taken into
account, _Specifically, their dimensional conformity and stability, their physical and electrical
performance and their safe operation under normal use and foreseeable mis-use conditions
shall be assured.

Additional information on equipment design can be found in Annex B.

4.1.2 Battery dimensions

The dimensions for individual types of batteries are given in IEC 60086-2 and IEC 60086-3.

4.1.3 Terminals
4.1.3.1 General

Terminals shall be in accordance with Clause 6 of IEC 60086-2:-.
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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 good electrical conductivity and resistance to
corrosion.

4.1.3.2 Contact pressure resistance

Where stated in the battery specification tables or the individual specification sheets in
IEC 60086-2, the following applies:

— aforce of 10 N applied through a steel ball of 1 mm diameter at the centre of each contact

aregrfor= pcliuu' of+8—s—shattnot—cause anmy—apparent deformation—whict |||i9=|t prevent
satidfactory operation of the battery.

NOTE Skge also IEC 60086-3 for exceptions.

4.1.3.3 Cap and base

This typle of terminal is used for batteries which have theikdim rding to

Figures|1 to 7 of IEC 60086-2:— and which have the drical sis
from thg terminals.

4.1.3.4 Cap and case

This typle of terminal is used for batteri
Figures|8, 9, 10, 14, 15 and 16 of |
battery forms part of the positive terminal.

gnsions specified accdrding to
but in " Which the cylindrical sid¢ of the

4.1.3.5 Screw term

This comptact consists 3 irfation with either a metal or insulatgd metal
nut.

4.1.3.6

These are essemnti \ suitable
contact i

4.1.3.7

These ¢ rm that

provides pressurexcomact.

4.1.3.8 Plug-in-sockets

These are made up of a suitable assembly of metal contacts, mounted in an insulated housing
or holding device and adapted to receive corresponding pins of a mating plug.

4.1.3.9 Snap fasteners
4.1.3.9.1 General

These contacts are composed of a combination comprising a stud (non-resilient) for the
positive terminal and a socket (resilient) for the negative terminal.

They shall be of suitable metal so as to provide efficient electrical connection when joined to
the corresponding parts of an external circuit.
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4.1.3.9.2 Snap fastener

This type of terminal consists of a stud for the positive terminal and a socket for the negative
terminal. These shall be made from nickel plated steel or other suitable material. They shall
be designed to provide a secure physical and electrical connection, when fitted with similar
corresponding parts for connection to an electrical circuit.

4.1.3.10 Wire

Wire leads may be single or multi-strand flexible insulated tinned copper. The positive
terminal wire covering shall be red and the negative black.

4.1.3.11—©Other-spring—contactsor-—ctips

These dontacts are generally used on batteries when the correspondiqg pa external

circuit gre not precisely known. They shall be of spring brass o having
similar properties.

4.1.4 Classification (electrochemical system)

Primary|batteries are classified according to their elec

Each sy ganese
dioxide

The ele b 1.

ical systems

N/ .
w \IBZ/ Nominal Maxjmum
Letter Negative ectrolyt sitive electrode voltage opencircuit
electrode voltage
\Y v
No lette Zinc (W mmoniym, Chlorid Manganese dioxide (MnO,) 1,5 1173
/\ chlotide
A Zinc (Z A on\wcje, Oxygen (O,) 1,4 1|55
\Z\inc lori
B Liéium\ﬁQ\ Olhsknicyectrolyte Carbon monofluoride (CF), 3,0 3,7
C /\m@ m N&L\ E)Kganic electrolyte Manganese dioxide (MnO,) 3,0 3,7
E ighiumy(Ei), N Nph-aqueous Thionyl chloride (SOCI,) 3,6 39
inorganic
F Litbium (0. | Organic electrolyte Iron disulfide (FeS,) 1,5 1l83
G Lithium (1) Orqganic electrolyte Copper (11} oxide (CuQ) 158 4,3
L Zinc (Zn) Alkali metal hydroxide | Manganese dioxide (MnO,) 1,5 1,68
P Zinc (Zn) Alkali metal hydroxide | Oxygen (O,) 1,4 1,59
S Zinc (Zn) Alkali metal hydroxide | Silver oxide (Ag,0) 1,55 1,63
w Lithium (Li) Organic electrolyte Sulphur dioxide (SO,) 3,0 3,05
Y Lithium (Li) Non-aqueous Sulfuryl chloride (SO,CI,) 3,9 4.1
inorganic
4 Zinc (Zn) Alkali metal hydroxide | Nickel oxyhydroxide (NiOOH) 1,5 1,78

NOTE 1 The value of the nominal voltage is not verifiable; therefore it is only given as a reference.
NOTE 2 The maximum open-circuit voltage (3.15) is measured as defined in 5.5 and 6.8.1.

NOTE 3 When referring to an electrochemical system, common protocol is to list negative electrode first,
followed by positive electrode, i.e. lithium-iron disulfide.
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4.1.5 Designation

The designation of primary batteries is based on their physical parameters, their
electrochemical 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 (see Table 2)

With the
following information:

vith the

a) designation, IEC or common;

b) expiration of a recommended usage period or year and m facture.

The|year and month or week of manufacture may be in cod

c) polarity of the positive (+) terminal;
d) nomlinal voltage;
e) namle or trade mark of the manufacturer or supplier;

f) caufionary advice.

NOTE Ekamples of the common designations \¢an be

4.1.6.2 Marking of small batterie

a) Batteries designated in
a sufface too small to
designation 4.1.6.14a
markings shown i
battery.

ggory 3 and category 4 batteries have
gs shown in 4.1.6.1. For these battdries the
) 'shall be marked on the battery. All other
' the immediate packing instead of| on the

b) For ay be on the battery, the sealing tab| or the
pack h the sealing tab and/or on the battery. 4{1.6.1b),
4.1.6.1d) and 4.°\€ na be given on the immediate packing instead of on the bpttery.

c) Cauti : € vallowable batteries shall be given. Refer to IEC 6008G-4:2014

(7.2 86-5:2011 (7.1 1) and 9.2) for details.
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Table 2 — Marking requirements

Batteries with Small batteries
Marking the exception of P-system
small batteries batteries
a) Designation, IEC or common A A C
b)  Expiration of a recommended usage period or
year and month or week of manufacture. The A B B
year and month or week of manufacture may
be in code
c) Polarity of the positive (+) terminal A A D
d) Naominal \lnlfngn A
e) Ngme or trade mark of the manufacturer or
. A B B
supplier (
f) Cdutionary advice A I?‘
A: shall[be marked on the battery w
B: may be marked on the immediate packing instead on the battery
C: may pe marked on the battery, the sealing tab or the immediate pa ing
D: may pe marked on the sealing tab and/or on the battery
@ Caution for ingestion of swallowable batteries shall be g|v n. R to IE 60M014 (7.2a) and 9.2) and
IEC 60086-5:2011 (7.11) and 9.2) for details.
4.1.6.3
Marking th local
legal re
4.1.7
Primary| batterie ed’in the IEC 60086 series can be categofized by
their standard distha or a new battery system, its interchangeabpility by
voltage | N\J the following formula
0,85 U, <mxUg<nx1,15 U,
where
n isth ells’connected in series, based on reference voltage U,;
m is the pumber 0fg€lls connected in series, based on standard discharge voltage UJ{.
Currently,two vottage tanges titat conform to the above formuta trave been demntified. They

are identified by reference voltage U,, which is the midpoint of the relevant voltage range.

Voltage range 1, U, = 1,4 V: Batteries having a standard discharge voltage m x Ug equal to or
within the range of n x 1,19 Vton x 1,61 V.

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

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

2 The standard discharge voltage U, was introduced to comply with the principle of experimental verifiability.
Neither the nominal voltage nor the maximum off-load voltage complies with this requirement.
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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
1,5V, i.e. "no-letter" system, systems A, F, G, L, P, S and Z.

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

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
determiped in accordance with the procedure given in Annex (D to resglve its
interchangeability by voltage.

WARNING Failure to comply with this requirement can present safety hazards to tq sen e, >Xp|osion,
leakage and/or device damage. This requirement is necessary for safety and operati

4.2 Performance
4.21 Discharge performance

Discharge performance of primary batteries is speoj

4.2.2 Dimensional stability

The dimn
IEC 60086-2 and
conditiops given in this spe

given in
tandard

NOTE 1 |An increase in baftery heig 128 i ,C, G, L, systems,
if discharged below end-poi

NOTE 2 |For certaln
discharge| continues.

423

occur as

When |
specific

in this

4.2.4

The maximum open-circuit voltage of batteries shall not exceed the values given in Taple 1.

4.2.5 Service output

Discharge durations, initial and delayed, of batteries shall meet the requirements given in
IEC 60086-2.

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.
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formance — Testing

5.1 General

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

A capacity of a primary battery may be established by electrical discharge tests as detailed in
D.2.3. However, under consumer usage conditions, the capacities realised from electrical
discharge test methods can vary.

The following factors/variables dramatically impact on optimum capacity realisation.

T

O

) T
) 1
) 1
) T

(o

From th
high cu
significd

Becausg
used in
to the

devices
60086-2
differing
further 4

The foll

5.2 I
5.2.1

The dis

— applfe

— sery

In both

he current demand from the external electrical circuit/device.
he frequency of current demand. (Continuous or intermittent
he minimum voltage at which the device will satisfactorily
he temperature of operation.

us€d in typical battery q
ghated ‘application tests’ (de

bwing has flje e » ived from ISO/IEC Guide 36:1982.
Dischargetes

dard fall into two categories:

Categories oftests, discharge loads are specified in accordance with 6.4.

?age).

d with a
ilting in

reliably
convey
owered
fined in
hch with
may be

The test methods of determining the load and test conditions are as given in 5.2.2 .

5.2.2

5.2.2.1

Application tests

General

a) The equivalent resistance is calculated from the average current and average operating
voltage of the equipment under load. Constant current or constant power loads are also
permitted for applications exhibiting these types of power demand patterns.

b) The functional end-point voltage and the equivalent resistance load, current load, or
constant power values are obtained from typical application equipment measurements.

c) The median class defines the load value and the end-point voltage to be used for the
discharge test.

d) If the data are concentrated in two or more widely separated groups, more than one test

may

be required.
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Application tests may be accelerated by discharge load, daily period duty cycle, or both. The
specified values for load and time intermittency should take the following factors into
consideration:

— discharge efficiency of the battery relative to the application.

— typical duty cycle use patterns for the application.

— total time to conduct the test not to exceed 30 days.

Some fixed resistance tests have been chosen to permit simplicity of design and ensure

reliability of the test equipment, despite the fact that, in specific instances, constant current or
constant wattage tests may be a better representation of the application.

In the ' ' ' ectively
represent the range of applications in use. istics of a
particular category of equipment will change with time in a developing.f

The pregi always
possiblg. ategory

of equip|

Neverth
known f

is the best approach
quipment.

NOTE In inimi i i icaii 5, ified target to be those accounting
for 80 % i i

5.2.2.2

For apqli ith the

heavies

5.2.3

For seryi e load resistor should be selected such that the

service

When f Z may be
extendeld to % G i f higher
ohmic v i i

5.3

In ord ified in
IEC 600 ;

a) Test eight batteries.
b) Calculate the average without the exclusion of any result.

c) 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.

d) 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 eight
batteries and calculate the average as previously.

e) 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.


https://iecnorm.com/api/?name=7e475dfa593f92e9176c7731b8c35647

IEC 60086-1:2015 © IEC 2015

- 19—

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

considered not to conform and no further testing is permitted.

g) For the purposes of verifying compliance with this standard, conditional acceptance may
be given after completion of the initial discharge tests.

NOTE Discharge performance of primary batteries is specified in IEC 60086-2.

5.4

This method is described in Annex F.

5.5

Calculation method of the specified value of a minimum average duration

OC\ testing

Open-circuit voltage shall be measured with the voltage measuring £qui

6.8.1.

5.6 Battery dimensions

Dimensions shall be measured with the measuring equipmé

5.7 Leakage and deformation

After the

and 4.2

NOTE F
IEC 60086-3:2011.

6 Pernformance -

6.1  $torage @d

Storage
defined
Dischar

service output has been determined
the discharge shall be continued in theg sa
first timg below 40 % of the nominal
3 shall be met.

nt

Qb\3 Conditions for storage before and during discharge testing

ec¢ified in

environmental conditions,
gircuit voltage drops for the
¢ requirements of 4.1(3, 4.2.2

huse 8 of

er well-
| apply.

Y

Storage conditions

Discharge conditjons

Type of test Temperature Relative Temperature Relative
oo humidity Duration oo humidity?
o RH o RH
60 days maximum
Initial discharge test 20+24 55 + 20 after date of 20+ 2 55 +20/ -40
manufacture
Delayed discharge test 20+22 55+ 20 12 months 20+ 2 55 +20/ -40
Delayed discharge test c

(high temperature) b 45+ 2 55+ 20 13 weeks 20+ 2 55 +20 / -40

2 During short periods the storage temperature may deviate from these limits without exceeding (20 £ 5) °C.

b This test is carried out when a storage test at high temperature is required. Performance requirements are the
subject of agreement between the manufacturer and the customer.

¢ Batteries to be stored unpacked.

4 Except “P” system: (55 + 10) % RH.
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6.2 Commencement of discharge tests after storage

The period between the completion of storage and the start of a delayed discharge test shall
not exceed 14 days.

During this period the batteries shall be kept at (20 + 2) °C and (55 + 20 / -40) % RH (except
for P-system batteries where the relative humidity shall be (55 + 10) % RH).

At least one day in these conditions shall be allowed for normalization before starting a
discharge test after storage at high temperature.

6.3 Discharge test conditions

6.3.1 General

In order
until thd
output n

;0086-3
service

6.3.2

When I
batteries

ge test,

6.4 I

The val
specifie

Il be as

When fd
4 togeth

n Table

Valuels in ohms

1,00 2,00

2,20 4,30

9,10

4,70 (

155
e
6.5 Time perio

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

When formulating new tests, whenever possible, one of the following daily periods should be
adopted from Table 5.

Table 5 — Time periods for new tests

1 min 5 min 10 min 30 min 1h

2 h 4 h 12 h 24 h (continuous) -

Other cases are specified in IEC 60086-2, if necessary.
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6.6 Test condition tolerances

Unless otherwise specified, the tolerances given in Table 6 shall apply.

6.7 y

A perio
electrica

6.8 Measuring equipment

6.8.1

The acc
of the v
shall be

6.8.2

The acc

7 Sar

The us

Table 6 — Test condition tolerances

Test parameter Tolerance
Temperature +2°C
Load +0,5%
Voltage +0,5%
Relative humidity +20/-40 % RH
except 'P' system + 10 % RH (
Time “accuracy” Discharge time ¢, Tolerayc\g\ )
0<r,<2s +5 %%f 15\
2s<1,<100s Cror\ L%
1,>100's o

Activation of ‘P’-system batteries

| measurement.

uracy of the mes
alue of the las

b of-sampling plans or product quality indices should be agreed betwsd

manufa

ment of

<50 %
trument

<50 %

pen the

cturér and the purchaser.

Where no agreement is specified, refer to ISO 2859 and ISO 21747 for sampling and quality
compliance assessment advice.

8 Battery packaging

A code of practice for battery packaging, shipment, storage, use and disposal can be found in
Annex G.
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Annex A
(normative)

Criteria for the standardization of batteries

IEC 60086-1:2015 © IEC 2015

Batteries and electrochemical systems shall meet the following requirements to justify their
initial inclusion or ongoing retention in the IEC 60086 series:

a) The battery or batteries of this electrochemical system are in mass production.

b) The battery or batteries of this electrochemical system are available in several market

plac
c) The

of W

Part
d) The

purd

es of the world.

their company label.

The items of Table A.1 shall be included in any
bl battery or electrochemical system.

Table A.1 - I@s{ce sdary t stQi

individu

older(s)

ifjectives,

pttery is
d under

a new

Individual battery

o~

Electrochemical system

Conforma

nce statement to items a) to d) above\

N\

\Egﬁﬁqm%ce statement to items a) and b) alove

Designati

bn and electrochemicgf/sy\@m/'\\

)

Re%ﬂmended designation letter

Dimensions (including drawi’n\gs) ~ N)egative electrode
Dischargg conditions L Positive electrode
Minimum pverage d rat%ﬂ(s} { \/ Nominal voltage
/\ A > Maximum open circuit voltage

Electrolyte
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Annex B
(informative)

Recommendations for equipment design

B.1 Technical liaison

It is recommended that companies producing battery-powered equipment maintain close
liaison with the battery industry. The capabilities of existing batteries should be taken into
account at design |ncept|on Whenever possible, the battery type selected should be one
included : he IEC

ion, grade and size of battery which will glve optlmum performan c‘

B.2 Battery compartment

B.2.1 General

Design ¢ ensions
and dedign of compartments and contacts should b s i vith this
standard WI|| be accepted i ignore the

tolerand rer calls
for smaller battery tolerances

The desi battery
terminal.

Clearly |indicate the type(of battg %corr t polarity alignment and direcfions for
insertion.

Use the| shape aptor inals in
compariment de egative
(=) battpry contac ihserting

batteries.

Battery electrically insulated from the electric circuit and pogsitioned
so as tg minini t age and/or risk of injury. Only the battery terminalq should
physica¥ 1ct AR ric circuit. Care should be taken in the choice of materials|and the
design G ensyre that effective electrical contact is made and maintained under

conditions of usg eveh with batteries at the extremes of dimensions permitted by this qtandard.
Battery | and_equipmeént terminals should be of compatible material and low €ectrical
resistanjce: el

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
shall 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 9
of IEC 60086-2:—, positive contact should be made on the side of the battery, so that air
access is not impeded.

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.
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The battery compartment should 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.

Designers are strongly advised to refer to IEC 60086-4 and IEC 60086-5 for comprehensive
safety considerations.

B.2.2 Limiting access by children

Apparatus should be designed to prevent children from removing e of the

following methods:

A tool, quch as a screwdriver or coin, is required to open the batiery compartme

The bdttery compartment door/cover requires the of two
indepenident and simultaneous movements of the seguring i .

If screws or similar fasteners are use t ; to the
battery |compartment, the fasteners ¢ vith the
door/coYyer. This does not apply to side™p sary for
the fungtioning of the equipment and w off the

equipment.

B.3 Voltage cut-off

In order] to prevept\
voltage fcut-off s

sattery being driven into reverse, the equipment
efy manufacturers' recommendation.
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Annex C
(normative)

Designation system (nomenclature)

C.1 General

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 anr|1ex is divided into two clauses:

0 tober 1T9PO0.
October[1990 to

— Clauyse C.2 defines the designation system (nomenclature) in us

— Clause C.3 defines the designation system (nomenclature) j
accgmmodate present and future needs.

C.2 Designation system in use up to October

C.2.1 General

This clause applies to all batteries whj & 7 and will
remain '

C.2.2 Cells

b define
bllowing

A cell ig designated by a
round, flat (layer built)
number

d of the
n Tables C.1, C.2 and C.3. Note that these tables do
not incly the no letter system, or other modifiers. Thege other
parts of b gnclature) follow in C.2.3, C.2.4 and C.2.5. Thesg tables
only provi C ' ignations for single cells or single batteries.

Where &
nominal

NOTE T i i ese batteries are given in IEC 60086-2 and IEC 60086-3.

3 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

Physical designation

Nominal cell dimensions

Maximum battery dimensions

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 - -
R4 13,5 38 - =
R6 50.p
R9 \
R10 7 ?
R12 60.,p
R14 50,p
R15 -
R17 -
R18 -
R19 -
R20 61,p
R22 -
R25 -
R26 -
R27 -
R40 172|0
R41 3.4
R42 3.4
R43 4,7
R44 5,4
R45 _
R48 5,4
R50 16,8
F _
H - 16,4 11,4
R53 - - 23,2 6,
R54 - - 11,6 3,0p
R5%5 - - 11,6 2,
R56 - - 11,6 2,6
R57 - - 9,5 2,7
R58 - - 7,9 2,1
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
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Nominal cell dimensions Maximum battery dimensions
Physical designation
Diameter Height Diameter Height
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.

Table C.2 — Physical designation and nominal overall dimensions of flat cells

Dimensions in millimetres

Physicalldesignation Diameter Length Width ( Thickness
F15 - 14,5 145 ¢\
F16 - 14,5 14,
F20 - 24 5
F22 - 24 13,5
F24 23 -
F25 - 23 23 6,0
F30 - 32 21 3,3
F40 - 32 6 5,3
F50 - 32 3,6
F70 - 43 43 5,6
F80 43 6,4
F90 43 7.9
F92 37 5,5
F95 38 7.9
F100 Q 60 45 10,4

NOTE The compleﬂe\)%ﬁ\%ns of these

atte s% given in IEC 60086-2.

Ta ion and dimensions of square cells and batteries
Dimensions in millimetres
PhyS| | Nom\al cell dimensions Maximum battery dimensions

deSiQ“‘ tio \Eené\h Width Height Length Width He{ght

s4 \) - - 57,0 57,0 125,0

S6 57 57 150 - - -

S8 - - - 85,0 85,0 200,0

S10 95 95 180 - - -
NOTE The complete dimensions of these batteries are given in IEC 60086-2.

In some cases, cell sizes which are not used in IEC 60086-2 have been retained in these
tables because of their use in national standards.

c.23

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 1.
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C.24 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.

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.

C.2.5 Modifiers

In order| ype are

differenti ents or

termina

C.2.6

R20 ifle, zinc

LR20 Hroxide-

3R12 ifle, zinc

4R25X isti - 5 of the zinc-ammonium chloride, zinc
i ‘ p spring

C.3 I

C.3.1

This cla

The bas t of the

battery | from a

cylindrical envetepe, ahd a height related concept for all batteries, round (R) and non- round (P).

This clqusé” also _applies to single-cell batteries and multi-cell batteries with cells in series

and/or parallel connection.

For example a battery of maximum diameter 11,6 mm and a height of maximum 5,4 mm is
designated as R1154 preceded by a code for its electrochemical system, as described in this
clause.

C.3.2 Round batteries
C.3.21 Round batteries with diameter and height less than 100 mm
C.3.2.1.1 General

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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] [ [ [ O 1 O

Modifiers
(see NOTE 2)

Code denoting height in
0,01 mm if needed
(refer to Figure C.3

and C.3.2.1.3)

/

Z

imber of cells
or parallel strings

in series Code dén i u helgN
(pee NOTE 1) |n01 m\re to 243)

Letter denoting
blectrochemical system
Code denoting shape ode en |ng xmuMgme(ter (refer
(R = round) nd C.3.2.1.2)
IEC

(refer to Table 1)
NOTE|1 The number of ce, i n tspec' ied.

NOTE| 2 Modifiers are € i specific terminal arrangement, load capdgbility and
furthef special characte

o system for round batteries:
; height 1y <100 mm

C.3.21. i ythe diameter code

The diame

a) assigned according to Table C.4 in case of a recommended diameter;

b) assighed according to Figure C.2 in case of a non-recommended diameter.
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Table C.4 — Diameter code for recommended diameter

Dimensions in millimetres

(O

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 26,2

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 41

19 19,0 (&

50
XX C

Mammurgnc:lezmw

Code “C”

Decimal part of
maximum diameter
0,0

0,1
0,2
0,3
0,4
0,5
0,6
0,7
0,8
0,9

>

rXcCcIOMmMOOW

1EC]

Figure C.2 — Diameter code for non-recommended diameters

C.3.21.3 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).
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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 Figure C.3.

Maximum height
(tenths of a millimetre)

Decimal part of height

mm Code “C”
0,00 A
0,01 B
0,02

0,03 D

0,04
0,05 G
0,06 H
0,07 \

needed. 6

IEC]

NOTE T

EXAMPLH g in lel with a maximum diameter of 11,6
mm (Tabl ruetal hydroxide-manganese dioxide gystem.
EXAMPLE pter of 27
mm (Figu system.
EXAMPLH er of 26,2
mm (Tabl Anganese
dioxide sy

Fi ht
C.3.2.2
C.3.2.2,
The deq hown in

Figure ¢.
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I I O S A [ N O I

|

Number of cells or Modifiers
parallel strings (see NOTE 2)
in series

(see NOTE 1)

Integer of maximum height

in millimetres
Letter denoting
electrochemical
system “/” separating diameter and
—(refertoTapre 1y tretght uuiu(
Code denoting shape Integer of maximum diameter
(R =round) in millimetres
/\ IEC

NOTE[1 The number of cells or strings in parallel is not identified.

NOTE| 2 Modifiers are included to designate for example spé€cific | 'atrangement, load capgbility and

furthef special characteristics.

Figure C.4 — Desig atteries:
dq > 100

C.3.2.2,
The diameter code is derived from the K ax%
The dia 5 : QfSthe maximum diameter of the battery expréssed in
millimetf
C.3.2.2,
The hei battery,
express
The maxi
a) for f 60086-

2:-)
b) for all/other typés of terminals, the maximum height is the maximal overal| 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.3.3 Non-round batteries
C.3.31 General

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.

Using the maximum dimensions of length (/) and width (w), the diagonal is calculated, which is
also the diameter of the imaginary cylinder.
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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 there are two or more terminals emerging from different surfaces, the one with the highest
voltage applies.

C.3.3.2 - j i i i <100 mm

The designation for non-round batteries with dimensions < 100 mm is @ re C.5.

I S O 2 O B
RO\

Number of cells Modifiers

pr parallel strings ee NOTE 2)
in series

(see NOTE 1)

N,
anteg of the maximum height
the battery expressed

- - in millimetres
etter denoting electrochemical
system
(refer to Table 1)
Integer of the diameter expressed in millimetres
< (\ ee NOTE 3) of the cylindrical envelope
d

e do oting}sh encompassing the maximum length and
( oun width dimensions of the surface from
which the terminals first emerge

s IEC
tri in pargllel is not identified.

€ designate for example specific terminal arrangement, load and furthpr special

NOTE 1 [The numbep/0ORCe

NOTE 2
character

NOTE 3 S el ds to be discriminated in tenths of a millimetre, the letter code shown in Higure C.7
applies.
EXAMPLH ttery consisting of six cells or strings in parallel of the zinc-alkali metal Rydroxide-

manganese dioxide sy , connected in series with a maximum length of 26,5 mm, a maximum width of|17,5 mm,
and a makximdm height of 46,4 mm. The integer of the diameter of this surface (/ and w) is calculated accerding to:

VI% + w2 ;
W =31,8 mm; integer = 31

Figure C.5 — Designation system for non-round batteries, dimensions < 100 mm

C.3.3.3 Non-round batteries with dimensions > 100 mm

The designation for non-round batteries with dimensions > 100 mm is as shown in Figure C.6.
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[

Number of cells
or parallel strings
in series
(see NOTE 1)

Modifiers
(see NOTE 2)

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

Letter denoting
electrochemical system
(refer to Table 1)

Symbol separatmgt e lengthiwidth

and hel de(s\

Code denoting shape
(P = non-round)

in Millimetres
passing
rface

the maximum length and width dimehsgy
from whi@ina@eme e

NOTE 1

NOTE 2
character

NOTE 3
applies.

EXAMPLH

chloride-n
113 mm,

Figure C.6 — Des

9,

N

EC

m@arra gement, load and furthpr special
¢, the letter code shown in Higure C.7

parallel of the zinc-ammonium chlgride, zinc
aximum length of 192 mm, a maximurp width of
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Maximum height
in millimetres (integer)

NOTE T

C.3.4

In the
encomp
designa

Decimal part of height Code

mm

0,0 A
0,1 B
0,2 c
0,3 D
0,4 E
0,5

0,6 H
0,7

0,8 K
0,9 L

fion extended wit

9,

Linlikely event that two or mpre tteri
assing cylinder angthe same heigh sesond’one will be designated with tH

of the
e same
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Table C.5 — 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 1,6
R1220 12,5 2,0
R1225 12,5 2,5
R1616 16.0 1.6
R1620 16,0 2,0
R2012 20,0 1,2

R2016 20,0
R2020 20,0

R2025 20,0

R2032 20,0

R2320 23,0

R2325 23,0

R2330

R2354

R2420

R2425

R2430 3,0

5,0
3,2
10,8
25,2
60,4
25,0
27,0
33,5
34,5
45,0

in IEC\60086-2 and IEC 60086-3.

%{O}&T complete dimensions of these batteries are given

Table~C.6 — Physical designation and dimensions of non-round
batteries based on Clause C.2

Dimensions in millimetres

g Physic:l 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 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.

NOTE 2 The complete dimensions of these batteries are given in IEC 60086-2.
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Annex D
(informative)

Standard discharge voltage U, —
Definition and method of determination

D.1 Definition

The standard discharge voltage Us is typical for a given electrochemical system. It is a unique
voltage in that it |s mdependent of both the size and the mternal construct|on of the battery. It
only deps ) : 1 sfined by
Equatio

(D.1)

Us is|the standard discharge voltage;
Cs is|the standard discharge capacity;
ts is|the standard discharge time;

Rg is|the standard discharge resistox,
D.2 Determination

D.2.1 General conside

The dete is-accomplished via a C/R-plot (where [C is the

N

discharge capacity\o ¥, R is thedischarge resistance). For illustration, see Figure D.1,
which ghows a{% i fidisghaxge capacity C versus discharge resisto] Rgq4 in
normali3 i e, o is plotted as a function of Rq. For low Ry4-valyes, low

ga. On the gradual increase of Ry, discharge ¢apacity
feau is established and C(R4q) becomes constant p:

C(Rg)-V4
C(Rq) al

Cp = constant (D.2)

which n as indicated by the horizontal line in Figure D.1. It furthef shows
that capacity € is dependent on the cut-off voltage U.: the higher its value, the larger
is fractipn<4C that cannot be realised during discharge.

NOTE Under plateau conditions, capacity C is independent of Ry.

The discharge voltage Uy is determined by Equation (D.3).

C
Ug =—2 xRy (D.3)
Iq
4 Subscript d differentiates this resistance from Rg; see Equation (D.1).
5 For very long periods of discharge time C, may decrease due to the battery’s internal self-discharge. This

may be noticeable for batteries having a high self-discharge, for example 10 % per month or above.
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o
9
=
O
10 |
0,98 98 % C(R) = C, = constant
C = f(Rq) /
Capacity plateau: dC/dR = 0
0,5

= cohstant

Us=0V

/

Rq

IEC

The quaqti harging

the batf nt. This
relation

(D.4)

For Rq .1), and
consequ

(D.5)

The det in D.2.3
and illug

D.2.2 inati i isterR

oIty

The determination of Ug is best achieved by that discharge resistor Ry, that yields 100 %
capacity realization. The time to perform this discharge may be of long duration. To reduce
this time, a good approximation for Ug is achieved by Equation (D.6).

Cs(Rs) = 0,98 Cp (D.6)

This means that 98 % capacity realization is considered to be of sufficient accuracy for the
determination of the standard discharge voltage Us. This is achieved when discharging the
battery through the standard discharge resistor Rg. Its factor 0,98 or above is not decisive,
because Ug remains practically constant for R < R4. Under this condition, the exact realization
of a 98 % capacity realization is not crucial.
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