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INTRODUCTION

Further to the April 2014 publication of the Energy Institute Research Report: Investigation into the
possible risks arising from the presence and operation of button cell energised devices in potentially
flammable atmospheres associated with transport fuels (Known as El 2014 Button Batteries Research
report), in February 2017 the International Electrotechnical Commission (IEC) published a new Standard
I[EC 62133-2. The document relates to secondary, rechargeable, cells and batteries containing alkaline
or other non-acid electrolytes and gives safety requirements for portable sealed secondary cells, and
for batteries made from them, for use in portable applications. This Part 2 of the Standard applies to
lithium systems.

The EI 2014 Button Batteries Research report relates to primary, non-rechargeable, button cells, spe-
cifically excluded secondary, rechargeable, lithium-ion button cells. Investigation of the latter cells has
subsequently taken place and a related Research report is in the process of publication by the El. The
requirements of IEC 62133-2 were considered during preparation of this later report. A particular
requirement of IEC 62133-2 is that cells containing lithium should be subjected to short-circuit testing
at elevated temperature.

Cells energising electrical/electronic devices in locations having high ambient temperatures, or other-
wise being at raised temperatures, absorb heat from their surroundings, thus increasing their internal
stored energy. Tests subjecting cells to elevated temperatures in the range 55 oC + 5 oC, as prescribed
in IEC 62133-2, demonstrate whether or not the increased internal energy stored at that temperature
can result in sparks or other adverse effects being produced under short-circuit conditions.

In the El 2014 Button Batteries Research report relating to primary, non-rechargeable, button cells
the range of cells tested and reported on included an assortment of lithium-manganese dioxide
primary cells. In common with all the other types of cell tested, the lithium-manganese dioxide cells
were subjected to abnormal conditions by imposing a variety of abuses. These included different modes
of short-circuit testing, but not at elevated temperatures.

Further to the publication of IEC 62133-2 it was considered to be prudent to carry out additional,
elevated temperature, short-circuit tests on specimen primary lithium-manganese dioxide cells. The re-
lated investigations are the subject of this report.

Cells selected for testing

The lithium-manganese dioxide (lithium/MnQO2) cells subjected to testing in the El 2014 Button Batteries
Research report were identified by the cell references CR2016, CR2025 and CR2032, where the 'CR'
designates lithium/MnQ2. The first two numerals indicate the nominal diameter of the cell in millimetres
(i.e. 20 mm) and the third and fourth numerals indicate the nominal height of the cell (i.e. 1.6, 2.5 and
3.2 mm). Reference should be made to the EI 2014 Button Batteries Research report for data relating
to these cells.



As to be expected, and confirmed by the following table, the largest cell size, CR2032, has the largest
energy capacity:

Cell Cell type | Cell chemistry | Nominal rated voltage |Typical capacity
\Y mAh

CR2016 | Primary | Lithium/MnO2 3 90
CR2025 | Primary | Lithium/MnO2 3 160-165
CR2032 |Primary |Lithium/MnO2 3 225

Again, as to be expected, the larger the cell capacity, the greater the probability that an ignitive spark
will be produced when short-circuiting a cell. Samples of the largest, CR2032 cells were therefore
subjected to testing with the results to determine whether or not smaller capacity cells should also be
tested. Quantities of the following cells were subjected to testing:

Tests undertaken
The purpose of the tests was to investigate how the button cells performed under, and reacted to,

abnormal conditions representing reasonably foreseeable misuse by imposing a variety of short-circuit
tests to cells within the temperature range of 55 oC + 5 oC. The following tests were applied:

(1) Short-circuit spark test using short length of 0.066 mm2 csa brass wire

(2) Short-circuit spark test using short length of 1 mm2 csa copper wire

(3) Spark test applying 150 Q across cells

4) Short-circuit by wrapping cells in metal foil and checking for adverse effects within 30 min
(5) Short-circuit by wrapping cells in metal foil for 24 h & checking for adverse effects
Additionally,

(6) Cells preheated within the temperature range of 55 oC + 5 oC were immersed in boiling water and
allowed to cool, then air dried and checked for adverse effects.

Short-circuit spark tests (1), (2) and (3) — for test results see Annex A, tables 1, 2 & 3

These tests were carried out in a totally darkened room with the objective of visually observing any
sparks produced by short-circuiting a quantity of new and unused CR2032 lithium/MnO2 cells. Prior to
spark testing the cells were raised to and maintained at a temperature in the range 55 oC + 5 oC for
3 h.

For each brand of button cells 5 samples were then subjected, singly, to a short-circuit using a short
length of 0,066 mm2 csa brass conductor, resistance < 75 mQ. After a recovery period to allow the cell
voltages to rise near to their pre-test values (above nominal voltage) the samples were subjected, singly,
to a short-circuit using a short length of 1 mm2 csa copper conductor, resistance < 1,5 mQ. Another
5 samples of each brand of cell were subjected, singly, to a spark test when applying 150 Q across the
cells.

For each cell a short-circuit was applied three times in succession seeking to observe a spark at make
and break on each occasion. The contact time for each make/break was estimated to be within 100 mS.
Tabulated results of these tests are shown in Annex 1. Cell voltage was measured immediately before
and after the short-circuiting.



In all cases the voltage before the spark test exceeded the nominal voltage of the cell and in all cases
the voltage after the spark tests was lower than the nominal voltage of the cell. Maintaining a voltmeter
connection showed the voltage slowly recovering and in most cases it was close to its pre-test value
within one h.

As a 'control' for observing sparks, unheated samples of alkaline 1,5 volt type 'AA" batteries and nickel
cadmium 1,2 volt rechargeable type 'AAA" batteries were employed to positively produce visible sparks.

Findings (i): As shown in Annex 1, tables 1, 2 and 3, no sparks were observed on make or break of
contact for any of the single button cells short-circuited by either of the short-circuit conductors or the
150 Q resistor. Neither were sparks observed on make or break of contact when applying the tests to
single AA or AAA type batteries.

As a consequence, unused button cells were then stacked (i.e. in series) 2,3,4 and 5 high, heated as
prescribed, with short-circuits being applied across each stack size in turn.

Findings (ii): As shown in Annex 1, no sparks were observed on make or break of contact for any of
the 2, 3 or 4 high button cell stacks short-circuited by either of the short-circuit conductors or the 150
Q resistance. Sparks were observed on break of contact for one stack of 5 cells short-circuited by both
of the short-circuit conductors, but not by the 150 Q resistor. Sparks were readily produced when
short-circuiting 2 or more stacked AA batteries.

Short-circuit ‘wrap' tests (4) and (5)

The purpose of these tests was to try to produce dangerous heat levels and/or catastrophic failure of
deliberately abused button cells by totally wrapping each cell in metal (aluminium) foil so as to create a
total short-circuit between anode and cathode around the rim of the cell.

(4) Wrap test at 55 oC + 5 oC for 30 min:

Prior to wrap testing, three cells of each brand were raised to and maintained at a temperature in the
range 55 oC = 5 oC for 3 h. The cells were then individually quickly wrapped in aluminium foil and
maintained at the elevated temperature for 30 min, during which time they were checked for any rise
in temperature at 5 min intervals.

Findings (i): For all cells tested, a temperature rise in the range 4 oC - 6 oC was observed after a time of
10-15 min. The temperatures then commenced dropping back towards their initial elevated tempera-
ture. None of the cells caught fire, exploded, ruptured, or showed signs of leakage.

As a consequence of these findings a stack of 5 Ultra Max cells was raised to and maintained at a
temperature in the range 55 oC = 5 oC for 3 h. The stack was then quickly wrapped in aluminium foil
and maintained at the elevated temperature for 30 min, during which time it was checked for any rise
in temperature at 5 min intervals. Temperature measurements were repeatedly made at different points
on the exterior of the wrapped stack.

Findings (ii): The maximum temperature rise observed was about 80C above the initial elevated tem-
perature, occurring within 10 min of the wrapping. The temperature then commenced dropping back
towards the initial elevated temperature. None of the cells caught fire exploded, ruptured, or showed
signs of leakage.

(5) Wrap test at 55 oC + 5 oC for 24 h:

Further to the previous tests for 30 min the single wrapped cells and the wrapped stack of 5 cells were
maintained at a temperature in the range 55 oC + 5 oC for 24 h to observe the effects of the abuse.
Findings: The single cells showed slight bulging of the anodes and cathodes. The stacked cells had
more marked bulging of anodes and cathodes, each having an increase in height of approximately
10%. None of the cells caught fire exploded, ruptured, or showed signs of leakage.



(6) Immersion in boiling water test:

In order to subject sample cells to more extreme abuse than that applied in the foregoing tests, 2 cells
(designated as A and B) were subjected to immersion in boiling water. Prior to immersion the cells were
raised to and maintained at a temperature in the range 55 oC + 5 oC for 3 h. They were then immersed
in boiling water to depth of approximately 4 cm which was then allowed to cool down to local ambient
temperature of 150C. The initial temperature at immersion was 53 oC and at 1 h it was 53.2 oC. During
this period the condition of the cells was observed at regular intervals. The cells were removed from the
cooled water after 24 h their condition was as shown below:

Cell A (left) and cell B (centre) were immersed in boiling water. The cell on the right was new and un-
used

Findings: At about 20 min after immersion a brownish rust colouration appeared in the water sur-
rounding the cells. As the cells cooled the colouration 'halo' surrounding each cell increased in density.
After removal from the cooled water after 24 h, and air drying, the cell anodes were discoloured as
shown above.

The cells showed slight bulging of the anodes and cathodes, resulting in approximately 3,6% increase
in the height of cell A and approximately 2% increase in the height of cell B. No other degradation was
visible. The open-circuit voltages of the cells before and after immersion were: 3,31 V reducing to 2,88
V for cell A and 3,20 V reducing to 2,87 V for cell B.

Neither of the cells exploded or ruptured.

Summary of findings

1) The spark tests carried out at elevated temperature on a quantity of CR2032 lithium-manganese
dioxide cells did not result in any observable sparks for single cells or stacks of cells 2, 3 or 4 high (i.e.
in series). Sparks were observed for two sets of cells stacked 5 high.

2) Short-circuiting cells by wrapping in metal foil at elevated temperature for 24 h did not
result in any explosion, rupturing or leakage of cells. The resultant increased temperature (above the
prescribed elevated temperature) due to the metal foil wrapping was well below the T6 rating of 85 oC.
3) Immersing two sample cells, pre-heated to the prescribed elevated temperature, into boiling
water did not cause them to explode or rupture. Discoloration of the water indicated the probability of
leakage from within the cells.

4) From the foregoing it was concluded that one or two (stacked) CR2032 lithium-manganese
dioxide button cells subjected to the elevated temperatures prescribed in [EC 62133-2 are not capable
of producing ignition in a hazardous area related to Group Il gases. Consequently, it was considered to
be unnecessary to investigate the performance of the lower capacity CR2025 and CR2016 cells.

5) This outcome means that there is no change to the Summary of Findings in the EI 2014 Button
Batteries Research report and the observations relating to the use of one or two cells in some types of
body-worn or hand-held devices remain unaltered.



ANNEX A

Table 1 Short-circuit spark test — brass wire <0.075 Q
Cell Cell configuration
reference Single cells Stacked cells
Cell 1 Cell2 | Cell3 | Cell4 | Cell 5 |2-stack |3-stack | 4-stack | 5-stack
m b m b/ m bim bim bim b/'m bm b m b
CR2032Set1 | X X | X X | X X | X X| X X X X|X X| X X|X S
CR2032Set2 X X | X X | X X | X X| X X X X|X X| X X|X S
AA X X[ X X X X| X X X S§|X S| X S
AAA X X[ X X X X]| X X X X| X X|X S
X = No spark produced S = Spark produced m = make b = break
Table 2 Short-circuit spark test — copper wire <0.0015 Q
Cell Cell configuration
reference Single cells Stacked cells
Cell 1 Cell2 | Cell3 | Cell4 | Cell 5 |2-stack |3-stack | 4-stack | 5-stack
m b m b/ m bim bim bim b/m bm b m b
CR2032Set1 | X X | X X | X X | X X| X X X X|X X| X X|X S
CR2032Set2 X X | X X | X X | X X| X X X X|X X| X X|X S
AA X X[ X X X X| X X X S§|X S| X S
AAA X X[ X X X X| X X X X| X X|X S
X= No spark produced S = Spark produced m = make b = break
Table 3 Spark test applying 150 Q resistor
Cell Cell configuration
reference Single cells Stacked cells
Cell 1 Cell2 | Cell3 | Cell4 | Cell 5 |2-stack |3-stack | 4-stack | 5-stack
m b m b/ m bim bim bim b/'m bm b m b
CR2032Set1 | X X | X X | X X X X| X X X X|X X| X X| X X
CR2032Set2 X X | X X X X| X X X XX XX X| X X|X X
AA X X/ X X[ X XX X/ X XX X/ X X/ X X
AAA X X/ X X[ X XX X/ X X|X X/ X X/ X X
X = No spark produced S = Spark produced m = make b = break
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LEGAL NOTICES AND DISCLAIMERS

This publication has been prepared by the Energy Institute (El) Distribution and Marketing Committee
and the Electrical Committee.

The information contained in this publication is provided as guidance only, and although every effort
has been made by El to assure the accuracy and reliability of its contents, El MAKES NO GUARANTEE
THAT THE INFORMATION HEREIN IS COMPLETE OR ERROR-FREE. ANY PERSON OR ENTITY
MAKING ANY USE OF THE INFORMATION HEREIN DOES SO AT HIS/HER/ITS OWN RISK.
TO THE MAXIMUM EXTENT PERMITTED BY APPLICABLE LAW, THE INFORMATION HEREIN
IS PROVIDED WITHOUT, AND EI HEREBY EXPRESSLY DISCLAIMS, ANY REPRESENTATION
OR WARRANTY OF ANY KIND, WHETHER EXPRESS, IMPLIED OR STATUTORY, INCLUDING,
WITHOUT LIMITATION, WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR
PURPOSE, TITLE AND NON-INFRINGEMENT. IN NO EVENT SHALL EI BE LIABLE TO ANY PERSON,
OR ENTITY USING OR RECEIVING THE INFORMATION HEREIN FOR ANY CONSEQUENTIAL,
INCIDENTAL, PUNITIVE, INDIRECT OR SPECIAL DAMAGES (INCLUDING, WITHOUT LIMITATION,
LOST PROFITS), REGARDLESS OF THE BASIS OF SUCH LIABILITY, AND REGARDLESS OF
WHETHER OR NOT EI HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES OR IF
SUCH DAMAGES COULD HAVE BEEN FORESEEN.

The contents of this publication are not intended or designed to define or create legal rights or
obligations, or set a legal standard of care.

Elis not undertaking to meet the duties of manufacturers, purchasers, users and/or employers to warn
and equip their employees and others concerning safety risks and precautions, nor is El undertaking
any of the duties of manufacturers, purchasers, users and/or employers under local and regional laws
and regulations. This information should not be used without first securing competent advice with
respect to its suitability for any general or specific application, and all entities have an independent
obligation to ascertain that their actions and practices are appropriate and suitable for each particular
situation and to consult all applicable federal, state and local laws.

El HEREBY EXPRESSLY DISCLAIMS ANY LIABILITY OR RESPONSIBILITY FOR LOSS OR DAMAGE
RESULTING FROM THE VIOLATION OF ANY LOCAL OR REGIONAL LAWS OR REGULATIONS WITH
WHICH THIS PUBLICATION MAY CONFLICT.

Nothing contained in any El publication is to be construed as granting any right, by implication or
otherwise, for the manufacture, sale, or use of any method, apparatus, or product covered by letters
patent. Neither should anything contained in the publication be construed as insuring anyone against
liability for infringement of letters patent.

No reference made in this publication to any specific product or service constitutes or implies an
endorsement, recommendation, or warranty thereof by El.

El, AND ITS AFFILIATES, REPRESENTATIVES, CONSULTANTS, AND CONTRACTORS AND THEIR
RESPECTIVE PARENTS, SUBSIDIARIES, AFFILIATES, CONSULTANTS, OFFICERS, DIRECTORS,
EMPLOYEES, REPRESENTATIVES, AND MEMBERS SHALL HAVE NO LIABILITY WHATSOEVER FOR, AND
SHALL BE HELD HARMLESS AGAINST, ANY LIABILITY FOR ANY INJURIES, LOSSES OR DAMAGES OF
ANY KIND, INCLUDING DIRECT, INDIRECT, INCIDENTAL, CONSEQUENTIAL, OR PUNITIVE DAMAGES,
TO PERSONS, INCLUDING PERSONAL INJURY OR DEATH, OR PROPERTY RESULTING IN WHOLE
OR IN PART, DIRECTLY OR INDIRECTLY, FROM ACCEPTANCE, USE OR COMPLIANCE WITH THIS
PUBLICATION.
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FOREWORD

This EI Research Report has been prepared under the direction of the El's Distribution & Marketing
Committee and Electrical Committee.

It provides a compilation of El-funded studies that have been undertaken to assess the possible
ignition risks posed by button cell-energised devices in potentially flammable atmospheres associated
with transport fuels.

Section A provides an overall assessment of the ignition risk by Mr T. Hedgeland, including data
generated from testing, Section B provides a desk study and details of a simplified failure assessment,
and Section C provides the original scoping assessment undertaken by Mr T. Hedgeland.

The information provided in this publication is intended to be of use to operators of petroleum
distribution installations in their assessments of the use of button cell energised devices. It may also
be of use to operators of petroleum road tankers.

The findings of this EI Research Report have been technically endorsed by the El's Distribution &
Marketing Committee and Electrical Committee.

It is likely that this publication will have a wider scope of usage and will encompass differing operating
practices and safety and environmental legislation to those that apply in the UK. Therefore, this
publication should be read in conjunction with any statutory operating requirements that apply at
the point of intended use. It is recommended that if procedures defined in this publication are more
stringent than those at the point of use then those in this publication should be followed.

The El is not undertaking to meet the duties of employers to warn and properly train and equip their
employees, and others exposed, concerning health and safety risks and precautions, nor undertaking
their obligations under local and regional laws and regulations.

Although it is hoped and anticipated that this publication will assist those responsible for designing,
constructing, commissioning, operating and maintaining aviation fuel handling systems, the El cannot
accept any responsibility, of whatever kind, for damage or loss, or alleged damage or loss, arising or
otherwise occurring as a result of the application of the guidance contained herein.

Suggested revisions are invited and should be submitted to the Technical Department, Energy
Institute, 61 New Cavendish Street, London W1G 7AR, UK (e: technical@energyinst.org).
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SECTION A
INVESTIGATION CONDUCTED BY TERRY HEDGELAND

A1

INTRODUCTION

This project is intended to extend the original investigations carried out by Mr T. Hedgeland
(see section C of this El Research Report), taking into account the desk study and simplified
failure assessment (see section B). This report should be read in conjunction with those two
sections.

The objective is to produce a document for El Distribution & Marketing Committee
and El Electrical Committee consideration, detailing an approach to risk assessment relating
to the presence and operation of devices energised by single button cells (also called ‘coin
cells”), that may be carried or worn by persons in potentially explosive atmospheres associated
with transport fuels.

In line with the original brief this specifically excludes mobile telephones and devices
energised by other than single button cells. Where these further investigations reveal
a methodology or approach for dealing with such excluded items, any development of
guidance in that respect would be outside the range of the present project.

The intention is to produce guidance that takes into account normal operation and
abnormal conditions, the latter covering single jeopardy/first fault conditions, e.g. a device
being dropped on the ground in a hazardous area.

The investigations have included researching technical data relating to the various types
of devices previously identified, from sources, some non-verifiable, such as Wikipedia, Google
Patent and other on-line sites as well as manufacturer/supplier information. Comparisons of
characteristics are made with requirements for explosion-protected equipment given in the
BS EN 60079 series of Standards.

Section B provides a draft report prepared by a contractor to the El, and consists
mainly of a ‘desk study’, much of which is information retrieved from internet sources,
practical testing not being included in the contractual arrangements. Much of the
researched information concerning battery problems is related to lithium-ion batteries with
manufacturing imperfections fitted in laptop computers and mobile telephones, resulting in
significant product recalls. There does not appear to be much information available ‘on-line’
concerning problems with the many types of button cells, particularly when used singly.
However, there is substantial guidance on correct use, safety precautions and what not to
do with button cells. Several button cell manufacturers provide technical specifications,
performance characteristics and certification evidence on-line.

Further to the very basic tests detailed in section C, it was considered essential that
some more extensive practical testing of button cells was undertaken in order to arrive at a
useful outcome for the project, which has been carried out in two phases. The first phase
further investigates the behaviour of button cells under adverse conditions, particularly
under short-circuit conditions, and the ability of cells to meet the normal operational load
requirements of devices energised by them. The second phase investigates devices containing
cells.
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FIRST PHASE

Cells incorporated in explosion-protected equipment

The types of cells (by chemical make-up) which may be incorporated in explosion-protected
equipment are detailed in BS EN 60079-0, clause 23.3, Table 10 Primary cells and Table 11
Secondary cells (reproduced with permission of BSI as Tables A.1.1 and A.1.2 in Annex A.1 of
this research report). These are mostly based on IEC 60086-1. Although button cell energised
devices subject to investigation are not explosion-protected, it seems appropriate to use this
reference as a basis for selecting cells for practical testing, with a view to possible acceptance
in risk assessment terms.

Cells selected for testing

All cells selected had their nominal voltage and identifiable coding impressed in the outer
casing. A table of cell coding is shown in Annex A.2. Where chemical make-up symbols
were not shown on the casing it was identifiable via the coding. Some types of cells used are
from well-known and established manufacturers, the remainder are marketed under various
‘unknown’ cover names. The packaging of some of these is marked ‘made in China’ - those
not so marked are assumed to be of similar sourcing.

These cells of ‘unknown’ brand were selected because they are widely available as
affordable options and are used in a wide range of the devices under consideration. Since it
was not possible to trace manufacturers’ data for the latter cells, their quality is unknown and
this is considered to be an important reason for their inclusion for testing. Table A.1 shows
the cells (all primary except where stated) that were tested.




