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ABSTRACT

The present work was carried out to investigate the abnormal trend of electrochemical properties of solid biopolymer electrolytes
(SBEs) system-based carboxymethyl cellulose (CMC) blended with polyvinyl alcohol (PVA)-doped NH4Cl. The SBEs system
was prepared via solution casting technique and analyzed through Fourier transform infrared (FTIR) spectroscopy, thermogra-
vimetric analysis (TGA), X-ray diffraction (XRD) analysis, and electrical impedance spectroscopy (EIS). Complexation was
observed with the changes of peaks at 1065 cm−1, 1598 cm−1, 2912 cm−1, and 3396 cm−1 that corresponds to C–O–C, C=O of
COO− stretching, C–H stretching, and O–H stretching, respectively, of CMC/PVA blend system upon the addition of NH4Cl. The
decrease of the amorphousness and the increase of weight loss demonstrated the abnormal observation of the ionic conductivity
when (1–5 wt%) NH4Cl was added in the SBEs system which was lower than the un-doped SBEs system. It was also observed
that the highest ionic conductivity at 8.86 × 10−5 Scm−1 was achieved by the sample containing 6 wt% of NH4Cl. The temper-
ature dependence of the SBEs system is found to be governed by the Arrhenius rule. Through the IR deconvolution technique, the
conductivity of CMC/PVA-NH4Cl SBEs system was shown to be primarily influenced by the ionic mobility and diffusion
coefficient of the ions.
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Polymer electrolytes have been reported to possess a variety
of desirable properties and hence have been extensively uti-
lized in most electrochemical devices [1]. Solid biopolymer
electrolytes (SBEs) have been introduced using natural mate-
rials which are not harmful to the environment and conse-
quently have gained due attention among researchers owing
to their unique properties, namely high ionic conductivity,
good electrode-electrolytes contact apart from their inherent
advantage over liquid- or gel-based electrolytes such as low
self-discharge in batteries, and no leakage [2, 3]. Besides that,

ries [4, 5]. To develop the SBEs system, different types of
polymers were studied widely from natural and synthetic
source. Natural polymers, e.g., starch, chitosan [6], and
carboxymethyl cellulose (CMC) [7], are favorable in the prep-
aration of polymer-based electrolytes due to the abundance
nature of such polymers. Apart from natural polymers, syn-
thetic polymers such as polyvinyl alcohol (PVA) [8], polyeth-
ylene oxide (PEO) [9], and polyvinylidene fluoride (PVdF)
[10] are also suitable to be applied in the SBEs system as a
result of its remarkable ionic conductivity.

The most common method adopted by researchers to pre-
pare thin film is the casting technique [4, 11, 12]. In order to
enhance the ionic conductivity, several methods were used by
researchers including polymer blending, co-polymer grafting,
as well as the addition of ceramic and plasticizer [4, 13]. One
of the viable techniques with ease preparation to increase the
conductivity of biopolymer electrolytes is via the blending
method [14]. Polymer blending is a well-used technique that
employs a low-cost conventional technology in which the
modification of properties is needed to increase the ionic
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