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Abstract. Biodegradable polymer electrolytes materials conslstmg salt dissolved in high 
molecular weiQht chitosan acetate was studied. Mobility and number density of mobile ions of 
chitosan acetat~ doped with NH4CF3SO-, and chitosan acetate-NH4Cr,S03-DMC system has been 
calculated using the Rice and Roth model. The conductivity improved by as much as two orders of 
magnitude with added salt concentration but the correlation was not apparent. The addition of 
plasticizer further improved the conductivit). The polymer electrol)1eS developed were then used 
in batteries and fuel cells and their performance were evaluated. 

1.0 Introduction 
The interest for polymer electrolytes has been 
steadily increasing [2]. Polymer electrolj1es 
ditfer from ceramics. glass and crystal based 
solid ionic materials with respect to the charge 
transport mode and ionic conductivity value. 
which are several orders of magnitude lower than 
for the latter materials [3]. The conductivity of a 
polymer complex increases when a salt is 
dissolved in a polymer matrix as a result of the 
increase in charge carriers. However the 
conductivity reaches a maximum as the salt 
concentration is increased above a certain 
concentration level. The value of conductivit) 
decreases when the concentration level is further 
increased. According to Gray [3], solvations of 
salt in a polymer increasingly introduce a 
number of transient cross-links in the system. 
thus making the polymer complex more rigid. 
The decrease in conductivity has been ascribed 
to the formation of immobile aggregated species 
at high salt concentrations. The addition of 
sufficient entry of high salt concentration can 
also induce the complex to become crystalline 
leading to a decrease in conductivity. 
In order to obtain a high ionic conductivity. cr. in 
a material: the concentration of charge carriers 
and their mobilities have to be high according to: 

u == L.17 (J /Io,1wrn/ 

Here '7/11. 4111 and /J," are the concentration, chame 
and mobility of charge carriers of type ~1. 
respectively By virtue of this equation and 

assuming q is constant, the increase in 
conductivity can be attributed to the increase in 
the number of free mobile ions due to 
dissociation of the salt. 
In the present work. chitosan acetate \\ as doped 
with NH~CF3S0y. Chitosan is the product of 7\­
deacetylation of chitin [4]. The transpon 
parameters such as mobility, coefficient 
diffusion and number of mobile ions ha\.; been 
calculated using the Rice and Roth model [5j. 
This was done by using the value of activation 
energy of conduction obtained from the log CJ 

versus 1000/T plot of the appropriate sample. 
Conductivity of the system was further enhanced 
using dimethyl carbonate as plasticizer and th.: 
transport parameters of the latter s) stem \\er.: 
also evaluated. The transport parameter of the 
present work was also compared to the pre\ ious 
work of Chintapalli and co-workers [6 J that uSeS 
polyethylene oxide (PEO) as host pol) mer and 
NH 4CF,SO:; as the doping salt. The highest 
conducting samples in the salted and salted­
plasticized samples were used in the fabrication 
of several electrochemical devices. 

I. Experimental 
1.1. Sample Preparation 
The polymer electrolytes were prepared b: the 
solution cast technique. 1.00 g of the chilOsan 
powder was dissolved in 100 1111 1% acetic acid 
solution (Ajax Chemicals). The mixture \\35 

stirred continuously with a magnetic stirrer t~)r 

several hours at room temperature until thc 
chitosan has completely dissolved. Differeilt 
amounts of NH4CF.1SO:; were then added to thc 
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chitosan solutions and stirred until the salt has 
completely dissolved. The solutions were then 
poured into different plastic petri dish and were 
left to dry at room temperature for the film to 
form. The plasticized system was prepared by 
mixing different amounts of dimethyl carbonate 
to the highest conducting sample of the salted 
system. The mixtures went through the same 
process as preparing the chitosan-salt samples 
and in all these samples the amounts of chitosan 
and salt were kept constant. 

1.2. Impedance Measurements 
For the impedance measurements. the polymer 
electrolyte film was sandwiched betlleen two 
stainless steel electrodes with a diameter of I cm. 
Data was recorded using the HIOKI 3531 Z LCR 
H i-tester impedance spectroscopy in the 
temperature range between 298 K to 373 K. 

1.3. Electrochemical Cell Studies 
.3.1. 	 Solid State Battery 

The highest conducting sample Ivas used to 
fabricate of the batteries. The anode of the 
battery was made up of a mi:xture of Zinc. Zinc 
Sulphate (ZnSO~.7H~O). activated carbon and 
PVDF with a weight ratio of 60:20: I 0: 10. whi Ie 
the cathode consists of a metal oxide which is 
MnO] (battery grade. Aldrich). activated carbon 
and PVDF in the weight ratio of 80: 10: 10. 
PVDF acts as a binder. The battery was 
assembled by successively pressing the anode, 
electrolyte and cathode composition in the same 
palletizing die to obtain a pellet. The fabricated 
cell was loaded in a Tetlon casing and a good 
mechanical contact I\as established by screwing 
the casing tight. 

2. Results and Discussion 
2.1. Conductivity Studies 
The variation of rool11 temperature conductivity 
of the system prepared in the present work is 
shown in Fig. I. Initially upon addition of 5 lIt. 
% of NH~CF3S0,. the ionic conductivity 
decreases. The conductivity then increases by 
about two orders of ma\!'nitude when 10 11·t. % of 
salt was added. The c~nductivity do not show 

any significant change when 20 and 30 wt. % of 
salt was added. Only after the addition of 45 \\1. 

% of salt. then the conductivity starts to increase 
again until 50 1\1. % of salt was added. When the 
amount of salt exceeded 50 \\1. %. the 
conductivity decreases. This means that the 
conductivity of the system was optimized for a 
salt concentration of 50 \\1. %. The conductivity 
of the salted system was further enhanced with 
the help of plasticizer. It can be observed that the 
values of conductivity decreases when 5 lIt. 00 of 
DMC was added to the system. The conductilit:­
then increases up to 10 \\1. % of DMC and then 
gradually decreases Ivith further addition of 
plasticizers. The conductivity was optimized at 
25 lIt. ~'o of DMC. Further increase of Dt.,lC 
leads to a decrease in conductivity. The decrease 
in conductivity could be attributed to ion 
association and the increase in conductil ity 
could be attributed to ion dissociation. 

I \111~..jI' r-----------------, 
--+- PbsUClZ,.:.:! ~\ ~ldll 

-e- Salt..:d s~ :>'1~·111 

I HilL-III '------------------' 

~(' 

Concetrarion or sahlll'asricizer t" t. '1..) 

Figure I The' rariation of room tllll/pal/flll,' 
conductirit.r Hith 11·t % concentration iI! 
NHJCF/W.< 

The temperature dependence of the conducti\ it:­
for the systt'm prepared in the present work Jnd 
also other polymer electrolyte from prel il)u~ 
work which uses the same doping salt is silo\\ 11 

in Fig. 2. The plot shows that as temperalUre 
increases. the conductivity 
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Figure 2 The temperature dependence ofthe conductivity 

increases. Regression values are close to unity relationship, the nature of cation transport is 
(0.97-0.98) suggesting that all the points lie on quite similar to that occurring in ionic crystals. 
an almost straight line. This indicates that the where ions jump into neighboring vacant sites 
plots obey Arrhenius rule given by: [13]. The activation energy has been calculated 

from the slope of the line and the values are 
tabulated in Table I. 

2.2. Transport Studies 
Here 0;, is the pre-exponential factor. E" is the Using the Rice and Roth model. the transport 
activation energy, k is Boltzmann constant and T parameters for the samples have been calculated 
is the absolute temperature. ;;;inre the and the values are tabulated in Table I. 
conducti vity~temperature ddt<,: uut:y:o /\IIiJi':ii1US 

Table 1 

(1: I :0.5) 

1.64 x 10' 1.90 x 10-­PEO:AT 293 0.49 5.07 x I 
2:1 

1:1 
CA:AT:DMC 298 0.60 9.11 x 1 3.65 x 10' 

It can be observed that the plasticized samples of 
the present work have a higher number density 
of mobile ions when compared to the salted 
system. This shows that the plasticizer has 
helped in dissociating mort:' free ions which in 
turn enhanced the conductivity as shown in Fig. 

1. When compared to the work of Chintapalli et 
al [6] using PEO-NH 4CF:;SO" the number 
density of ions of this system is higher by one 
order of magnitude from the present work. This 
is reflected by the higher conduc~: .!ty of t!.-:­
sample at 293 K wh ich is one order of magn itude 

http:0.97-0.98
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Figure 4 Discharge curves lIsing sample CA: 
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Figure 5 The roltage and power density versus 
current density plots of both cells operating at 
ambient temperature 

3. Conclusions 
Polymer electrolyte which uses chitosan as host 
polymers and NH 4CF3S03 as the doping salt has 
been developed. Conductivity was enhanced 
using DMC as plasticizer. The transport 
parameters of the samples were calculated using 

the Rice and Roth model. It was found that 
conductivity could be attributed to the increase in 
the number of mobile ions. The transport 
parameters of the present study were also 
compared to previous system whieh uses the 
same salt but with different polymer which was 
PEO. Electrochemical cells were fabricated and 
the performances were evaluated. The polymer 
electrolytes prepared in the present study was 
able to drive a battery capacity of -6 mAh. 
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