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ABSTRACT

This article deals with thermal phenomens whichedff lifecycle, capacity and
performance of lead acid batteries focused on takromaway.

INTRODUCTION

In automobile industry, mainly diesel nad petroyjiees are used.It’s efficiency is limited
and greenhouse gases are made, mainly CO2. Emisibrich gases created by
automobiles are consiradably high percentage of tibtal production. Therefore and
because of limited amount of petrol there is a deimfor alternative drives. As an
alternatvi could be used engine powered by batteead acid battery is the oldest
secondary cell ever used. Since it was createdadelbgy of production was developed
wery well. But there are still some issueswhichitliits possible usage in electrical or
hybrid vehicles. Nowadays VRLA (Valve Regulated d&&cid batteries) are popular. One
of the phenomens VRLA batteries have to face isrfaé Runaway. During Thermal
Runaway batteries characteristics change and ike@ahto total destruction of battery.

VRLA BATTERIES

VRLA is a stand for ,Valve regulated lead acid bagt VRLA are bettiries with
overpreassure valve. When preassure inside ofrpaises to critical limit, valve opens
and releases to atmosphere oxigen, hydrogen aralxapy loss of vater inside battery
drains and its internal resistance rises. VRLAnNeWnN as maintainance-free battery, which
has better characteristics then battery with flabdictrodes and it can be used in any
position. VRLA batteries cannot be used in high gemature environments, because its
characteristics are affected by loss of watterdmsand substrate corrosion. Recomended
highest temperature for usage of VRLA is 60 °C. lkigher temperature rises significantly
probability of destruction. Main reason of destietis draining of water inside of battery.

VRLA batteries are made as AGM batteries (Absordass Material), which contain
electrolyte absorbed in separator made of glasgofibers and in active mass of
electrodes. Self-discharge is small typically betwel-3% per month therefore storage
time can be longer. Freezing of electrolyte isnfblgable. AGM contain electrolyte
strengthen by Si© Small minims create cross-linked structure. Cimaydpy low current
helps to avoid over creation of gasses and celfasson. [2]



NEGATIVE IMPACTS DURING USAGE

SELFDISCHARGE

Both electrodes are thermodynamically instableretioee electrodes can react with lotion
releasing hydrogen on negative electrode and oxggepositive. Lead dioxide can react
chemicaly with lead substrate. Selfdischarge riseb H,SQO, concentration and high
temperature.

CORROSION

Corrosion decreases Ah capacity and available ourfecreates sediments too. Rate of
corrosion is influenced by time when battery stdischarged after usage, by depth of
discharge and temperature of battery during inagtiv

THERMAL EFFECTS

Batteries are dependent for it's purpose on eleb#mical processes of charge and
discharge. Chemical reactions inside of battery t@mperature dependent. Ideal
temperature for battery usage is between 15 ari€2mk higher temperatures batteries can
provide more power at the expanse of lifetime.

THERMAL BALANCE
Rate of thermal change in timdd / dt(K E%‘l) can be expressed as:
dT /dt = (dQ, /dt —dQ, /dt)/ C, (1)

-1
where ng/dt, Is heat generated in unit of tim@ 57 nhebo W), dQ, /dt is heat

dispersed by unit of tim€J (™ neboW ), C, is thermal capacity of battery materials.
Thermal capacity is defined by equation:

C, = 2, mli)C, (1) )
where m(i) is a weight of part number iCp(i) thermal capacity of part number i
(Jg™K™).
Battery is in stable state, when heat created imlep heat derivedQ, / dt = dQ, / dt
When heat created rises above level of heat derivechn lead to rising of internal
temperature and battery destruction. This phendmealled , Thermal runaway”.

SOURCES OF HEAT INSIDE OF BATTERY

Thermal losses are made by current transition tiironternal resistance of battery during
charging and discharging. This kind of heat is knaag Joule heat. Therefore batteries
designers focus on keeping internal resistancatéty as small as possible.

Apart from Joule heat chemical reactions occurd@sif batteries where some of them can
be exothermic (create heat) and some of them eadotb (absorb heat). During heating
of battery the problem usually is with exotherneactions.



Thermal state of battery is dependent on surrogneitvironment. If batteries temperature
is higher than temperature of surroundings, batteemperature decreases, if surrounding
temperature is higher, battery absorbs temperétomeits surroundings.

HEAT REMOVAL

There are several ways to remove heat from bat@ne of them is heat conductions
through batteries parts, thermal radiation to surding. Most common cooling is through
side walls of container.

THERMAL RUNAWAY

Thermal runaway is defined as increase of chargingesidual current by rising internal
temperature. Starting residual current going thihohgttery leads to temperature increase
inside of battery, which leads to increase of im&krcurrent, which increases temperature
again until temperature gets to critical level cagsattery destruction.

Thermal runaway occurs in VRLA batteries. Its sesrare increased internal temperature
and batteries overcharge. It leads to state whah dreated inside of battery rises faster,
then can be drained. It can cause melting and crgak containers. Hydrogen sulfide and
sulfur dioxide can be created. [1]

THERMAL SENSOR

Thermal sensor with specific needs had to be ssle€tiemand was focused on:
miniature size
stability in acidic environment
high thermal sensitivity

With regards to needed paramaters, platinum resisgensor embeded in glass mass was
selected acording to DIN EN 60 751 standard by JUit@eni a regulace s.r.o. It is based
on platinum spike with connections, where sensprasected by glass tube. It is necessary
that sensor is fixed and connections are proteftted sulphuric acid. Connections are
soldered to connections of sensor and then fixegjoxy resin. [3]

EXPERIMENT

Experiment was realized through automated measudegce programed in VEE
environment. Experiments were evaluated in MS Ezoéivare.

Cell ws charged untill it reached 2,45 V. Curreetsgesidual on level of 50 mA (1). If cell
is still charged, current doesn’'t change but vataiges to second charging level above
(2,45 V). Charging reactions on positive electrgtlgp working, water electrolysis starts.
This usualy causes thermal runaway (2). Manual an(s.



U,E-[V] T[]

- 32
negative electrode

voltage 26

1] discharging charging negative electrode
potencial - 24

"

4
I 20

internal

2 -2
temperature
'I T T IE T T T T T T T T T T T T T T z‘
b 414 2 3 4 5 & F ¥ 83 40 M1 42 41 44 15 & 7 1%
t[h]

Charging and discharging

Very steep peek is an impact of small lead sulplagter. It's creation and destruction lasts
for a few ms. All other thermal changes last longecause it deals with greater volume of
active mass (4). During discharge internal restanmses and it causes creation of Joule
heat. Small crystals of lead sulphate are creatgdécause of high temperature by high
current it melts and internal resistance dropsdses temperature (5). Charging above
limit voltage of 2,45 V shows increas of temperatuihis is caused by Joule heat
generated by charging (6). Temperature drops cabgerurrent decrease to residual 50
mA (7). Rising of temperature appers when cellscii@ged without stoping by constant
current. It is caused by Joule heat and electrocteiineat of exotermic reactions (8).

CONCLUSION

Thermal effects in batteries were studied. Themmaaway was described. Sensor for later
measurements was selected and preliminary expeisnagre realised.
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