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Abstract

The specific heat capacities of a polymer electrolyte and a polymer-containing composite cathode have been determined
by differential scanning calorimetry in the range from 70 to 1@0This range well includes the operating temperature range
of the devices incorporating these materials (lithium polymer batteries). The determination of the specific heat capacities of
the battery polymeric components was driven by the need of designing high performance devices.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction trolytes and the cathodic materials plays a key role
for the realisation of LPBs.

Lithium polymer batteries (LPBs) have recently The aim of this work is the analysis of the thermal
attracted the interest of researcher in the field of envi- characteristics of both PEO-based polymer electrolyte
ronmentally compatible vehicles. In particular, poly- and composite cathode proposed for the realisation of
mer electrolytes based on polyethyleneoxide (PEO) Li/P(EO)LIBETI/V 205 batteries for electric vehicle
have evoked widespread attention as replacement ofapplications at ENEA. All the electrochemical tests
liquid organic electrolytes to realise all-solid-state, devoted to asses the performance of such LPBs and
solvent-free, electrochemical power sourcgh]. to investigate the interfacial properties of PEO-based
However, PEO-based polymer electrolytes show an electrolytes with metallic lithium have been described
appreciable conductivity only at temperatures above in previous paperf2—4].
65°C, which corresponds to the melting point of the
pure polymer. Typically, the operating temperature of .
polymer electrolyte batteries ranges from 80to 120 2. Experimental
even if some complexes (P(E@)BETI) exhibit a
good ionic conductivity already at 6C [2]. Thus, PEO-LIBETI polymer electrolyte tapes with an
LPBs would require a careful control of temperature €ethylene oxide (EO)/LiIBETI molar ratio of 20:1 were
in order to optimise the performance. Therefore, the synthesised through a solvent-free proced@teThe
study of thermal characteristics of the polymer elec- components PEO (MW= 4 ML, Polyox WSR301,

Union Carbide) and LIBETI salt (3M) were dried
under vacuum for 48 h at 50 and 18D, respectively.

"+ Corresponding author. Tel+39-06-3048-4985; After dryl_ng, the materials were S|eved,_gently mixed
fax: +39-06-3048-6357. by ball milling and hot-pressed at 9C using an ATS
E-mail address: passerini@casaccia.enea.it (S. Passerini). FAAR hydraulic press to form thin tapes.
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The composite cathode was prepared by following a about 1.8 gcm? corresponding to an active material
procedure developed at ENEA and industrially scaled (V20s) surface loading of 5 mg cnf, approximately.

up at Ferrania S.p.Al4]. It involves the deposition
of a slurry onto an aluminium foil current collector
(battery grade, 0.02 mm thick) by doctor-blade tech-
nique. The slurry had the following dry composition:
V205 (Pechiney) 60%, carbon (Super P, MMM car-
bon) 10%, PEG (Carbowax, Union Carbide) 27%, and
PEO (Polyox WSR301, Union Carbide) 3%. A mix-
ture of chloromethane and methanol (2:1 in weight)

Thermal analysis and heat capacity measurements
of the battery components were carried out using a dif-
ferential scanning calorimeter of TA Instruments (DSC
2910). The instrument was calibrated with high-purity
indium standard (from Aldrich, 99.999%) at a scan-
ning rate of Cmin~1. The transition temperature
and enthalpy of indium standard are 1583% and
28.5Jgl, respectively, as reported [5]. All ther-

with traces of acetone was used as solvent. The sol-mograms were achieved on 20-30 mg samples sealed
vent was allowed to evaporate under a hood and theninto aluminium pans at a heating rate ofGmin1,

the coated films were dried under vacuum ar60

and using dry nitrogen as purge gas.

for 24 h to remove the adsorbed water. The absence Thermogravimetrical analysis (TGA) was per-
of salt in the composite cathode favours the moisture formed on the P(EQ)LIBETI and V,Os-based

and solvent removal. As a final step, the coated films cathode material using a simultaneous DTA/TGA
were cold-calendered inside the dry room to remove (TA Instruments—SDT 2960). Samples, averaging

the porosity left by the solvent evaporation. At the end

4-6 mg, were loaded into aluminium pans and then

of the process, the thickness of the composite cathodeheated in air at 10C min—! from 40 to 220°C.

layer (excluding the aluminium substrate) was about

The preparation of the materials, the sample han-

0.045mm. Its geometric density (mass/volume) was dling, and the whole procedure of DSC pans assembly
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Fig. 1. Weight loss (TGA) and derivative weight loss (DTA) vs. temperature curve0MC—PEG—PEO composite cathode.
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were carried out in a controlled environment dry room
(Corridi S.r.l., RH< 0.2%).
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In Fig. 2 are reported the same curves for the poly-
mer electrolyte that showed a somewhat lower ther-

mal stability in air. Apart from a smooth weight loss
below 100°C, likely due to the water absorbed dur-
ing handling, the polymer electrolyte showed a good
stability up to 150C, where a first sharp feature is
Figs. 1 and Zhow the thermogravimetric curve of seen. The lithium salt clearly catalyses the reaction
the composite cathode and the polymer electrolyte. since the salt-free composite cathode did not show any
The measurements were taken in the temperaturefeature at such a temperature. Nevertheless, the major
range from 40 to 250C under a flux of dry air in or- ~ decomposition takes place above 2@0as found for
der to investigate the thermal stability of the materials the composite cathode. However, both materials did
in low-moisture environment (dry room). not show any reaction in air below 153G, thus indi-
In Fig. Lare reported the weight loss and derivative cating that the thermal processing do not induce any
weight loss curves of the cathodic material. From the deterioration in the materials.
shape of the curves, it is observed that the cathodic Fig. 3 displays the thermogram of the;@s-based
material is very stable up to 20€. The weight loss  cathode performed underMux from —70 to 150°C
was only 0.25% at 130C and 0.59% at 195C. The with a 5°Cmin~! heating rate. The curve shows
degradation process of the composite cathode initiatestwo endothermic transitions centred at around 40 and
at temperature higher than 200, as indicated by the  60°C, which correspond to the melting of the PEG
steep change of the two curves illustrated-ig. 1. and PEO crystalline polymeric matrices, respectively.

3. Results and discussion
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Fig. 2. Weight loss (TGA) and derivative weight loss (DTA) vs. temperature curves of R{EBETI polymer electrolyte.
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Fig. 3. DSC thermogram of the )0s—C—PEG—-PEO composite cathode.

In Fig. 4is shown the thermogram of the polymer
electrolyte (P(EQ)LIBETI) performed under a nitro-
gen atmosphere from70 to 170°C with a 5°C min—t
heating rate. In the figure are clearly visible three ther-

mal transitions. The first and the third features are as-

sociated to the pure polymer. In particular, the first fea-
ture is detected as a step change arou8°C and is
due to the glass transition of the polymeric matrix. The
broad peak centred at BT is instead associated with
the melting of the polymer. The intermediate feature
is an endothermic transition related to the melting of
the crystalline PEO-LIBETI complex which composi-
tion is not clearly identified ye2]. PEO-based poly-
mer electrolytes are well known to form crystalline
complexes with lithium salts, which the most common
are P(EO]LiX and P(EO}LiX [6,7]. However, to our
knowledge this is the first evidence of a sub-ambient
melting crystalline complex composed of PEO and a
lithium salt.

Apart from the temperature regions at which ma-

supplied by a DSC instrument to a sample is propor-
tional to the specific heat capacity at constant pressure
(C,) of the latter. Therefore, th€, of a sample in a
defined temperature range can be determined by DSC
measurements. This is done by comparing the ordi-
nate displacement of the unknown sample)(Bnd
that of a sample of knowiC, (D'®f) with the base-
line behaviour of the empty pan. A sapphire {8k)
disk can be used as standard specimen, wigseal-
ues (expressed in kJk§K~1) are reported from 90
to 1650 K[8].

The specific heat of the sample can be calculated
from the following expression:

= (5) (5w

whereM™f andMj refer to the weight of the sapphire
standard and test samp@'e" andDs to the baselines

Mref
Ms

Ds
Dref

ref
p

@)

terial phase changes take place, the differential heatof the standard and sample, respectively.
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Fig. 4. DSC thermogram of the P(E£)BETI polymer electrolyte.
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Fig. 5. Specific heat capacity curve ohb®—-C—PEG—-PEO composite cathode (curve a) and REMETI polymer electrolyte (curve
b) as a function of temperature, expressed@(lower axis) and in K (upper axis).
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Table 1 4. Conclusions
Specific heat capacity vs. temperature data g03%-C—PEG-PEO
composite cathode and P(EQLIBETI polymer electrolyte

The determination of the specific heat capaci-
Temperature C, of composite C, of polymer ties of polymer battery components was driven by

e K ?ST(Ode—l) (ell'ji”o'ly:(e_l) the need of designing high-performance lithium an-
g g ode, polymer electrolyte batteries. The determination

70 843 0.941 - was performed by means of DSC in the operative

75 348 0.957 - .

80 353 0959 176 range of such devices (80-120). The heat capac-

85 358 0.952 1.75 ities of the polymer electrolyte and the composite

90 363 0.947 1.77 cathode have shown a linear correlation with the

95 368 0.936 1.77 temperature_

100 373 0.931 1.78

105 378 0.916 1.78

110 383 0.920 1.79

115 388 0.913 1.79 Acknowledgements

120 393 0.904 1.80
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