
Thermal behavior of lithium-ion polymer batteries in the presence
of phase-change materials

INTRODUCTION

Numerous applications require energy in the stored
form. The batteries usually store energy in the chemical
form. Among many batteries available in the market,
lithium batteries gained much attention in the recent
times. Generally, lithium batteries are available as pri-
mary batteries and secondary batteries. The secondary
batteries are also categorized as Li-ion batteries and
Li-ion polymer batteries. The lithium batteries have the
advantage of light weight, high voltage, high electro-
chemical equivalence, good conductivity and can be
shaped in various geometries with very high aspect ra-
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tios. The disadvantages are thermal runaway, short cir-
cuit, explosion when overcharged etc. Their range ap-
plications vary from very small button cells used in
watches to very large batteries used in torpedoes and
other military applications[1].

Several reviews appear in the literature relevant to
the present study. The development of batteries in vari-
ous aspects in the last 50 years has been thoroughly
reviewed by Dell[2]. A detailed review on lithium batter-
ies, their present status, prospects and future has been
covered thoroughly by Scrosati and Garche[3]. Ritchie
and Howard[4] presented a review on recent develop-
ment and the likely advances achieved in lithium-ion
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ABSTRACT

A battery unit is the main power source for under water vehicles such as
torpedoes launched against enemy targets. Generally, magnesium sea water
activated batteries are employed in these vehicles. The advent of lithium-
ion battery technology offers a great promise to develop a suitable battery
unit for these vehicles. However, the major drawback of the lithium batteries
is their thermal runaway characteristic. A close review of literature reveals
that phase change materials (PCM) are used in many applications to contain
temperature within limits. In this regard, investigations have been carried
out experimentally to study the suitability of different PCMs for a lithium
ion polymer (LiPo) battery obtained from trade. Three PCMs viz., OM35,
OM37 and OM46 have been used in the present investigations. Preliminary
experiments have been carried out to test whether they behave accordingly
or not. The LiPo cell was casted on both sides with computed amounts of
different PCMs and the temperature variation of the entire cell, its anode
and cathode were studied at different discharge rates. It was found that
the use of PCM will definitely hold the temperature within the limits during
the mission time.  2014 Trade Science Inc. - INDIA
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batteries. The conduction phenomena in Li-ion batter-
ies has been comprehensively reviewed by Park et al[5].
The status of Lithium ion batteries and the lithium ion
polymer secondary batteries has been reviewed by
Blomgren[6].

Gitzendanner et al[7] investigated the suitability of
high power and high energy lithium-ion batteries for
under water applications because the lithium-ion bat-
teries had been successful due to their excellent energy
density, reliability, and life in commercial applications.
Pendergast et al[8] explored the suitability of a recharge-
able lithium-ion battery module for underwater use.
Zhang et al[9] analyzed the thermal modeling and cool-
ing of high-power lithium ion cells. Lithium ion polymer
batteries using microporous polyvinylidenefluoride
PVdF filled by the liquid electrolyte as polymer elec-
trolyte have been investigated by Saunier et al[10]. It
was found that the conductivity depended only on PVdF
porosity. This battery performance showed its poten-
tial applications. New designs for safe lithium-ion gel
polymer battery were proposed by Sato et al[11]. Sev-
eral solutions against thermal runaway have been pro-
posed by Zeng et al[12].

Satyavani et al[13] investigated the electrical and ther-
mal behaviors of Li-Po cells, the effect of self discharge,
the effect of charge stand period, normal cycling, quick
Cycling etc were studied. The temperature profiles dur-
ing discharge were also obtained. Srilaxmi[14] developed
correlations for temperature rise of anode and cathode
of a LiPo cell in terms of discharge rate and time dura-
tion.

Farads et al[15] comprehensively reviewed the phase
change materials as latent energy storage materials. The
PCMs were classified into three categories viz., organic,
inorganic and eutectic. Selecting a suitable PCM is de-
pendent on thermal, physical, kinetic and chemical prop-
erties along with cost effectiveness. Kumar et al[16] have
provided the current technology status of PCMs along
with their potential applications for defence purpose.

A close inspection of the literature revealed that
several works[17-22] have been reported on thermal man-
agement of Li-ion batteries. Also the Li-ion polymer
batteries offer a good promise to use in under water
military and other applications. But the basic disadvan-
tage is their thermal runaway nature. This is more likely
to lead to explosion when big battery units are employed

in confined spaces. There is also a good possibility of
employing suitable PCMs with lithium ion polymer bat-
teries especially used for under water applications[23].
An inspection of the literature revealed that work in this
direction is scarce. In view of this the present work has
been attempted. The range of variables covered in the
present study is compiled in TABLE 1.

TABLE 1 : Experimental conditions used in the present
experiment

Parameters studied Values/Range of parameters 
Discharging rate  

C-rate Current Duration 
1-C 40 A 60 min 
2-C 80 A 30 min 
3-C 120 A 20 min 

EXPERIMENTAL

A single cell module of the Lithium Ion Polymer
(LiPo) battery was chosen for the present work along
with PCMs. Its specifications were compiled in
TABLE.2. The apparatus and equipment employed to
carry out the discharge studies of the single cell module
in the present study essentially consisted of an elec-

TABLE 2 : Specifications of Lithium-Ion Polymer battery
(Cell & Single Cell module)

S.No. Parameter Description 
1 Length of cell 220 ± 2 mm 
2 Weight 1081 g 

3 
Capacity of each 
cell 

40 Ah 

4 
Open Circuit 
Voltage (OCV) 

4.2 V 

5 
Nominal Cell 
Voltage 3.7 V 

6 
Discharge 
current 

40 A 

7 
Discharge cutoff 
voltage 

2.7 

8 
Discharge time 
period 

Not less than 54 min at 40 A 
(approx. per hour) 

9 Peak Current 120 A for one second 

10 Cycle life 
Not less than 200 cycles at 
90% discharge on duty 
(DOD) at 1-C rate 

11 Shelf life 
More than 5 years at a 
storage temperature of 25-
40oC 

12 
Operating 
temperature 

15 to 60oC 
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tronic load bank, and thermocouple based tempera-
ture sensors connected in a discharge circuit. The ex-
periments were also conducted to obtain the tempera-
ture rise during discharge of LiPo cell without PCM.
Experiments were also conducted to compute the heat
output during discharge at specified C-rate. Appropri-
ate quantity of PCM was melted and casted over both
sides of LiPo cell. Experiments were conducted by tak-
ing the cell combined with computed quantity of PCM.
Three different PCMs viz., OM35, OM37 and OM46
were used in the experimentation. The catalogue num-
ber OM35 means Organic Material having a melting
point of 35oC. These PCMs were obtained from trade.

RESULTS AND DISCUSSION

Experiments were conducted to measure the varia-
tion of temperature for a given heat input to the PCMs
without LiPo cell. These experiments are essential to
make out whether the PCMs serve the required pur-
pose or not. The data obtained from the preliminary
experiments have been analyzed and presented in sec-
tion 3.1. The data obtained from discharging the Li-ion
polymer cell casted with the PCM were analyzed in
section 3.2.

Studies with PCM

One liter of water was taken in an insulated vessel
and a constant input of 100 W was supplied to water
which was the system under consideration. The change
in the temperature of the water was measured and was
shown as plot A in Figure 1. In another similar cham-

ber, 200g of OM35 was also added to the system. The
temperature measured in this case was shown as plot B
in Figure 1. A close inspection of these plots revealed
that the temperature difference to a maximum of 15oC
could be noticed at a point where the OM35 was un-
dergoing melting process which was seen at about 1500
s. With further increase in time, the difference in the
temperatures got decreased which could be attributed
to the complete melting of the PCM.

Effect of weight of PCM

Experiments conducted in similar fashion by em-
ploying OM46 as the PCM. Different quantities of PCM
were taken in the present case. The temperature of the
system obtained for these situations was shown in Fig-
ure 2. Plot A corresponds to the case of no PCM, plot
B with 50 g of OM46, plot C with 100 g OM46 and
plot D with 200 g of OM46. It could be observed from
these plots that addition of PCM to the system was
definitely advantageous as it brought significant cooling
effect by maintaining the temperature of the system less
than the acceptable temperature limit of 60oC for a pe-
riod upto 2500 s i.e., 41 minutes. Therefore, the PCMs
are definitely useful to contain the temperature well be-
low the acceptable limits.

Comparison of different PCMs

Temperature data obtained in the similar conditions
for the cases of no PCM, 100 g each of OM35, OM37
and OM46 were drawn against time and shown in Fig-
ure 3. These data were shown respectively by means
of plots A, B, C and D. It is clear from these plots that
the addition of PCM has helped in realizing low tem-
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peratures. Also the duration of obtaining the tempera-
ture limit of 60oC was increased with increase in the
melting point of the PCM.

Studies on lithium batteries with PCMs

The Lithium polymer battery was casted on both
sides with computed weights of different PCMs used in
the present experimentation. The weight of the PCM
used was computed from the heat output data mea-
sured under discharge of different C rates. The cath-
ode and anode temperatures were measured in these
experiments.

Reproducibility of electrode temperature

Variation of cathode temperature of the lithium ion
polymer battery has been obtained in the presence of
159 g of OM35 for a constant discharge rate of 1C
i.e., 40 A. To check the reproducibility of the data, the
experiments were repeated for three times. The cath-

ode temperature data obtained in these three experi-
ments have been shown in Figure 4. for a discharge
rate of 1C. The plots of the Figure showed good re-
producibility of the cathode temperature. Similarly, an-
ode temperature reproducibility has also been shown
in Figure 5 for 1C discharge rate. Likewise, the tem-
perature data were obtained for all combinations at dis-
charge rates of 2C and 3C. All such data exhibited good
reproducibility.

Effect of PCM type on electrode temperature

Variation of cathode temperature of the lithium ion
polymer battery has been obtained in the presence of
different PCMs viz., OM35 (159 g), OM37 (144 g)
and OM46 (125 g) for a discharge rate of 1C. The
cathode temperature has been plotted against time for
all these cases and shown in Figure 6. A close inspec-
tion of the plots of this Figure revealed that the tem-
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perature of the cathode is more or less same in the pres-
ence of these PCMs. Similar results were observed from
Figure 7 drawn for anode temperature at the same dis-
charge rate of 1C.

likely advances in lithium ion batteries, J.Power
Sources, 162, 809-812 (2006).

[5] M.Park, X.Zhang, M.Chung, G.B.Less,
A.M.Sastry; A review of conduction phenomena
in Li-ion batteries, J.Power Sources, 195, 7904-
7929 (2010).

[6] G.E.Blomgren; Current status of lithium ion and
lithium polymer secondary batteries, The 15th an-
nual battery conference on applications and ad-
vances, 11-14 Jan., Ohio, USA., 97-100 (2000).

[7] R.Gitzendanner, F.Puglia, C.Martin, D.Carmen,
E.Jones, S.Eaves; High Power and high energy
lithium-ion batteries for under-water applications,
J.Power Sources, 136, 416-418 (2004).

[8] D.R.Pendergast, E.P.DeMauro, M.Fletcher,
E.Stimson, J.C.Mollendorf; A rechargeable lithium-
ion battery module for under water use, J.Power
Sources, 196, 793-800 (2011).

[9] Z Zhang, L.Jia, N.Zhao, L.Yang; Thermal model-
ing and cooling analysis of High-power Lithium Ion
cells, J.Therm.Sci., 20, 570-575 (2011).

[10] J.Saunier, F.Alloin, J.Y.Sanchez, G.Caillon; Thin and
flexible lithium-ion batteries: investigation of poly-
mer electrolytes, J.Power Sources, 119,121, 454-
459 (2003).

[11] T.Sato, K.Banno, T.Maruo, R.Nozu; New design
for a safe lithium-ion gel polymer battery, J.Power
Sources, 152, 264-271 (2005).

[12] Y.Zeng, K.Wu, D.Wang, Z.Wang, L.Chen; Over-
charge investigation of lithium-ion polymer batter-
ies, J.Power Sources, 160, 1302-1307 (2006).

[13] T.V.S.L.Satyavani, G.S.Rao, A.Srinivas Kumar,
K.Venkateswara Rao; Study of electrical and ther-
mal behavior of Li-ion polymer cells for auxiliary
power supply in underwater applications, Def.Sci.J.,
62, 127-131 (2012).

[14] M.Srilaxmi; Studies on charge and discharge char-
acteristics of lithium ion polymer batteries, M.Tech
dissertation, Andhra University, Visakhapatnam,
India, (2012).

[15] M.Farid, A.M.Khudhair, S.A.K.Razaack, S.Al-
Hallaj; A review on phase change energy storage
materials and applications, Energy Convers. Man-
agement, 45, 1597-1615 (2004).

[16] R.Kumar, M.K.Mishra, R.Kumar, D.Gupta,
P.K.Sharma, B.B.Tak, S.R.Meena; Phase Change
Materials: Technology Status and Potential Defence
applications, Def.Sci.J., 61  576-582 (2011).

[17] S.A.Khateeb, S.Amiruddin, M.Farid, R.Selman,
S.Al-Hallaj; Thermal management of lithium ion

CONCLUSIONS

Based on the studies and experiments presented in
the preceding section the following conclusions are
drawn:

Rise in temperatures at cathode and anode of a 40
Ah lithium-ion polymer cell at different rates of discharge
are studied.

Method of control of temperature of cell is estab-
lished through use of Phase Change Materials.

Type and quantity of PCMs to be used for a 40 Ah
capacity LiPo cell to keep the temperature under con-
trol during different rates of discharge have been deter-
mined.

Use of PCMs is one effective method for thermal
management in a LiPo battery.
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