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Abstract: Solid polymer electrolyte (SPE), which contained of 2-hydroxyethyl cellulose
(2-HEC) and ammonium nitrate (NH,NO,), was prepared using solution casting method.
The ionic conductivity and a.c. conduction mechanism of the SPE was analysed using
electrical impedance spectroscopy (EIS). The highest ionic conductivity of (4.51+0.10)
x 10* Sem™ was achieved for film containing 12 wt.% of NH,NO,. The temperature
dependence of exponent s was observed to be almost independent of temperature. This
conduction mechanism study of 2-HEC-NH,NO, SPE was proven to follow quantum

mechanical tunneling (QMT) model.

Keywords: Solid polymer electrolytes, 2-hydroxyethyl cellulose, ammonium nitrate, ionic

conductivity, quantum mechanical tunneling.

Introduction

In recent year, solid polymer electrolytes (SPE)
have received numerous studies as they show
good potential for application in energy storage
system (Yusof et al., 2014). In contrast to liquid
electrolyte, SPE promises excellent mechanical
stability, leakage free, lightweight, flexibility in
design and ease of production, which is in great
demand for battery technology (Hafiza et al,
2014; Tiruye et al., 2016).

2-Hydroxyethyl cellulose (2-HEC)
has been chosen as the polymer host in this
SPE system. 2-HEC is derived from cellulose
and known as water-soluble polymer. This
polymer is widely used in cosmetic, industrial
application, pharmaceuticals products, as well
as thickening and stabilizing agents (Abdel-
Halim, 2014). In fact, organic polymer is usually
known as insulator based electronic component
which gives the lowest ionic conductivity value
(10">-10" Sem™) (Hafiza & Isa, 2014). With
the addition of ammonium nitrate in different
composition (in wt.%), it is expected can
enhance the ionic conductivity value.

In this study, the influence of NH,NO,
compositions on the ionic conductivity of 2-HEC

SPE is reported and the conduction mechanism
involved in the system is also investigated.

Method

2.00 g of 2-HEC powder (Sigma-Aldrich) was
dissolved in 100 ml of distilled water. Different
amount of NH,NO, (4-24 wt.%) were added
into the solution and stirred until homogenous.
The solution of 2-HEC-NH/NO, SPEs were
casted into different petri dishes and dried in the
oven at 50 °C.

For film characterization, the nature of
SPE can be determined from X-ray diffraction
(XRD) analysis using Rigaku MiniFlex II
diffractometer equipped with an X’celerator
using Cu Ka radiation in the range of 5° to
75°. The ionic conductivity, ¢ of SPE was
characterized using HIOKI 3532-50 LCR Hi-
Tester that interfaced to a computer in the
frequency range of 50 Hz to 1 MHz. The ¢ was
calculated using Eq. 1 (Khairul et al., 2014;
Shukur et al., 2013),
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where 4 is area of electrode-electrolyte contact,
t is thickness of SPE and R, is bulk resistance
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which obtained from interception of negative
imaginary impedance, —Z, vs. real impedance, Z .

Result and Discussion

Figure 1 presents the variation of ionic
conductivity and activation energy as a function
of NH,NO, composition. The activation energy
was calculated using the Arrhenius equation as
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follow:

-F
c=0,exp “hr (2)

where ¢ is the conductivity of the sample
at room temperature (Scm™), o is the pre-
exponential factor, £ is the activation energy,
k is the Boltzman constant and 7 is the value of
temperature that measured in kelvin (K) (Bakar
etal,2015).
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Figure 1: Tonic conductivity and activation energy of 2-HEC-NH,NO, SPEs at room temperature

In Figure 1, the ionic conductivity
of free salt SPE is (3.33+0.05) x 10 Scm’,
and increased to (4.51+0.10) x 10* Scm™ for
12 wt.% NH,NO, SPE. The increase of ionic
conductivity with the addition of NH,NO,
may be attributed to the increase in number of
charge carrier and amorphous nature (Hema
et al, 2009; Kamarudin & Isa, 2013). As
expected, the addition of NH NO, has increased
the amorphous nature of SPE as proven from
XRD analysis (Figure 2) where the highest
conducting SPE has the highest amorphous
nature (corresponding to the lowest crystallite
size value, L). The increase of amorphousity
and ionic conductivity is due to the reduction

of energy barrier which lead to decrease in
activation energy. This causes high ion mobility
through the system and so does the ionic
conductivity (Fonseca et al., 2006; Khairul et
al.,2014). In contrary, the subsequent decrease
of ionic conductivity at above 12 wt.% NH,NO,
may be due to the decrease in amorphous nature
(corresponding to the increase of crystallite size
value, L) and overcrowded of ions which tend
to form ion cluster thus limits the ion migration
through the SPE system (Fonseca ef al., 20006;
Hema et al., 2009). This study is in agreement
with the fact that lower activation energy is
desirable to promote ionic conductivity to
higher value (Samsudin ef al., 2012).
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Figure 2: XRD spectrum and crystallite size, L for i) 0 wt.% NH,NO, SPE, ii) 12 wt.% NH,NO, SPE and iii)
24 wt.% NH,NO, SPE at room temperature

Figure 3 represents the frequency
dependence of dielectric loss for the highest
conducting SPE. As observed in Figure 3, it
shows the value of dielectric loss is very high
at low frequency and decrease as the frequency
increased thereafter, it becomes constant at
higher frequency applied. In low frequency
region (5<In w<12), the decrement of dielectric
loss is attributed to space charge polarization
and electrode polarization. Space charge occurs
when there is more than one phase having
different conductivities present in the same
material, while electrode polarization arises due
to accumulation of ions at electrode-electrolyte
interface (Buraidah et al., 2009; Bakar et al.,
2015). In high frequency region (12<In w<16),
the direction of electric field changes at a faster
rate, which causes the reduction of electrode
polarization as well as the decrease in dielectric
loss to a constant value (Bhide & Hariharan,
2007; Khiar & Arof, 2010).

The study of a.c. conduction
mechanism is performed to explain the hopping
process occurred in between two sites of 2-HEC
and NH,NO, at minimum effect of polarization
(El Mkami et al., 2000; Buraidah et al., 2009).
The value of exponent s is obtained from the
slope of In ¢ against In @. From the plot of s
against 7 (Figure 4), a small gradient value of s
obtained from the fitting equation of s =0.00006x
+ 0.02099 is independent with temperature.
This indicates that the ionic conduction of
2-HEC-NH,NO, SPE is accompanied by
quantum mechanical tunneling (QMT) model.
This result is comparable to other polymer-
salt system (Majid & Arof, 2007; Buraidah &
Arof, 2011; Shukur et al., 2013; Hafiza & Isa,
2014). In quantum mechanical phenomenon,
the polaron which is made up of conducting
proton together with their stress fields, are
attempting to travel and tunnels through the
potential barrier that exist between two possible
complexion sites with the addition of NH,NO,
in the present SPE system (Shukur ez al., 2013)
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Figure 3: Frequency dependence of In ¢, at elevated temperatures for the highest conducting SPE

17

1.0

0.84

0.64

0.44

y = 0.00006x +0.02099
0.24

—— 00— ——o———¢———o——o0—%
0.0

300 310 320 330 340 350 360 370
T(K)

Figure 4: Temperature dependence of exponent s for the highest conducting SPE
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Conclusion

Solid polymer electrolytes (SPEs) based on
2-hydroxyethyl cellulose (2-HEC) incorporated
with different compositions of ammonium
nitrate (NH,NO,) were successfully prepared
using solution casting technique. The ionic
conductivity was significantly increased to
(4.51£0.10) x 10* Scm™' with the addition
of 12-NH,NO, SPE. The ionic conductivity
enhancement was found to be influenced by
the amorphous nature of the SPE and due to
the decrease in activation energy. The a.c.
conduction mechanism study showed the plot
of exponent s is independent to temperature and
best explained by QMT model.
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