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ABSTRACT 

Biopolymer electrolyte based on carboxymethyl cellulose has been prepared by doping with different concentration of 
oleic acid via solution casting technique. Fourier Transform Infrared spectroscopy was used to study the complexation 
between the salt and polymer. New peak was observed at 1710, 2850, 2920 cm−1. X-ray diffraction study reveals the 
amorphous nature of the biopolymer electrolyte. Impedance study shows the highest ionic conductivity, σ, was found to 
be 2.11 × 10−5 S·cm−1 at room temperature (303 K) for sample containing 20 wt% of oleic acid and the biopolymer 
electrolyte obeys Arrhenius behaviour. 
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1. Introduction 

Electrolyte is the barrier that insulates the anode from the 
cathode in the battery and it is the medium through 
which ions are transported between the anode and cath- 
ode during discharge and charge [1]. The widespread use 
of batteries has created many environmental concerns, 
such as toxic metal pollution. Battery manufacture con- 
sumes resources and often involves hazardous chemicals. 
Used batteries also contribute to electronic waste [2].  

The development of lithium batteries has gained an 
unexpected impact in the last two decades for portable 
telecommunication devices, computers and hybrid elec- 
tric vehicles have been a constantly increasing [3]. Cur- 
rent commercial for e.g. lithium batteries are using liquid 
electrolytes, which are highly flammable, so that metal 
casing has to be used to prevent possible leakage [4]. 
This problem does not exist for solid biopolymer elec- 
trolytes. It will be safer, longer-lasting, lighter, and cheap- 
er than commercial lithium batteries. 

Cellulose is the earth’s most widespread natural organ- 
ic chemical and, thus, highly important as a renewable 
resource. More intensive exploitation of cellulose, as a 
renewable feedstock, is aided by the development of suit- 
able solvents for mechanical and chemical processing [5]. 
In this present study, a solid biopolymer electrolyte is 
presented to overcome this problem. Electrolyte from 
cellulose or cellulose derivative which is carboxymethyl 
cellulose (CMC) was chosen due to the naturally occur- 

ring polysaccharide and the most abundant organic sub- 
stance on the earth. Due to the abundance, low cost and 
easier process ability, so CMC is chosen in this research. 

2. Methodology 

2.1. Sample Preparation 

CMC (Acros Organic Co.) was dissolved in distilled wa- 
ter. The solution was stirred until the CMC completely 
dissolved. Different amount in (wt%) of OA (R&M 
Marketing) was dissolved in ethanol then added to the 
CMC solution and stirred until it become homogenous. 
The mixtures were then casted into Petri dishes and dried 
in oven at 60˚C until film form. The films were then kept 
in desiccators (with silica gel) for further drying.  

2.2. Fourier Transform Infrared (FTIR) 
Spectroscopy 

A Thermo Nicolet Avatar 380 FTIR spectrometer was 
used to analyze the samples. The spectrometer was equip- 
ped with an attenuated total reflection (ATR) accessory 
with a germanium crystal. The sample was put on a ger- 
manium crystal and infrared light was passed through the 
sample with a frequency ranging from 4000 to 675 cm−1 
with spectra resolution of 4 cm−1. 

2.3. X-Ray Diffractometry (XRD) 

XRD measurements were performed on a Rigaku Mini- 
Flex II diffractometer equipped with an X’celerator, us- *Corresponding author. 
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ing CuKα radiation in the range of 2θ = 5˚ to 80˚. 

2.4. Electrochemical Impedance Spectroscopy 
(EIS) 

Conductivity of the CMC-OA biopolymer electrolytes 
were measured by using the HIOKI 3532-50 LCR Hi- 
Tester that was interfaced to a computer in frequency 
range 50 Hz to 1 MHz. The software controlling the mea- 
surement also calculates the real and imaginary imped- 
ance. The films were cut into a suitable size of 2 cm di- 
ameter and placed between the blocking stainless steel 
electrodes of a conductivity cell which are connected by 
leads to a computer. The bulk impedance (Rb) value was 
obtained from the plot of negative imaginary impedance 
(Zi) versus real part (Zr) of impedance and the conducti- 
vity of the sample was calculated from the Equation (1). 

b

t

R A
                      (1) 

where A = Area of film-electrode contact and t = Thic- 
kness of the film (in cm). 

3. Results and Discussion 

3.1. FTIR Study 

Figure 1 shows the FTIR spectrum of CMC and OA 
from 700 to 4000 cm−1. The characteristic transmission 
band at 3315 cm−1 can be attributed to the hydrogen 
bonding OH stretching region [6]. According to [7], the 
small hump at 2920 cm−1 was ascribed to C-H stretching 
associated with the ring methane hydrogen atoms. The 
band at 1590 cm−1 confirmed the presence of COO− and 
assigned to stretching of the carboxyl group [7]. The 
band at 1410 cm−1 and 1320 cm−1 was assigned to OH 
stretching in-plane and C-H stretching in symmetric of 
CMC. The IR spectrum of CMC polymer showed the 
bands at 1110 cm−1 and 1040 cm−1 were characteristic of 
 

 

Figure 1. FTIR spectra of CMC and OA. 

the C-O stretching on polysaccharide skeleton [8]. The 
sharp band at 2920 cm−1 and 2850 cm−1 can be assigned 
to C-H stretching in asymmetric and symmetric, respec- 
tively of OA [9]. The intense peak at 1710 cm−1 was de- 
rived from the existence of the C=O stretch and the band 
at 1280 cm−1 exhibited the presence of the C-O stretch. 
According to [9], the O-H in-plane and out-of-plane 
bands appeared at 1460 cm−1 and 926 cm−1, respectively. 

Upon addition of OA, the intensity of the peak of H+ 
(2850 cm−1 and 2920 cm−1) increase gradually until 20 
wt% indicating that the deprotonation of the OA in- 
creases. Further addition of ionic dopant caused the peak 
intensity of dopant increased. This is accommodating to 
the values of the conductivity obtained for the samples 
[10]. The new peaks are observed by the addition of OA 
as shown in Figure 2. The peak at 1710 cm−1 belongs to 
C=O stretching of OA. The sharp band around 2920 cm−1 

and 2850 cm−1 were assigned to C-H stretching in 
asymmetric and symmetric, respectively. The band at 
1597 cm−1 confirmed the presence of COO− was assigned 
to stretching of the carboxyl group. The IR spectrum of 
CMC showed the band at 1040 cm−1 was characteristic of 
the C-O stretching on polysaccharide skeleton. The in- 
tensity of the peak is less obvious with the addition of 
OA as shown in Figure 2. According to [11], OA mole- 
cules (being relatively small in size compared with 
polymer molecules) penetrate into the CMC matrix and 
establish attractive forces between OA molecules and 
chain segments. These attractive forces reduce the cohe-  
 

 

Figure 2. FTIR spectrum of the sample in the region be- 
tween 1600 and 3100 cm−1. 
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sive forces between the polymer chains and increase the 
segmental mobility, thus enhancing electrical conductiv- 
ity. Based on Figure 2, it can be shown that peak inten- 
sity of H+ (2850 cm−1 and 2920 cm−1) of OA is increases 
whereas the peak of COO− (1597 cm−1) of CMC was less 
obvious with the addition of OA. It is suggested that pro- 
tonation due to H+ occurred in the present samples and 
the interactions between CMC and OA existed. 

3.2. XRD Study 

The X-ray diffraction patterns of pure CMC and samples 
OA-0 until OA-30 at room temperature from 2θ = 5˚ to 
80˚ were shown in Figure 3. Thus, the XRD analysis 
revealed the complex formation in the polymer matrices 
and shows that the sample is amorphous. Besides, it can 
be clearly seen that OA-20 had the highest intensity at 
the peak of 21˚ due to H+ occurred in the present samples 
and accommodated to the values of the conductivity ob-
tained. 

3.3. Conductivity Study 

Figure 4 shows the conductivity plot of the CMC based 
biopolymer electrolytes and it appears to go through a 
maximum value at 20 wt% of ionic dopant (OA) and 
dramatically decreases at higher dopant concentrations. 
The increase in electrical conductivity by increasing the 
dopant concentration implies that the ionic mobility was 
proportionally increases. The presence of mobile ions 
also increased the amorphous structure of the polymer 
and therefore ion migration easily can takes place [12]. 
When more than 20 wt% of OA concentration has been 
added, the value of electrical conductivity drastically 
dropped. This phenomenon exists due to the occurrence 
of non-conducting ion-pair [13]. It can also be explained 
that the mobility of ions depend on the concentration and 
the nature of organic salt in which interactions with the 
polymeric chain occur. As such, the result above agrees 
 

 

Figure 3. XRD pattern for different samples of CMC-OA 
and CMC. 

with the XRD and FTIR studies where the complexation 
is seen to occur between the dopant and the polymer. 
Due to the complexation, the conductivity of the polymer 
electrolytes was enhanced. 

The temperature-dependent of ionic conductivity mea- 
surements were used to analyze the mechanism of ionic 
conduction of polymer electrolytes [14]. Figure 5 depicts 
the plot of log conductivity, σ versus 1000/T for samples 
OA-0 to OA-30 from 303 K to 393 K. From Figure 5, 
the relationship between conductivity and temperature of 
the biopolymer electrolytes are characteristically Arrh- 
enius behavior with the regression values, R2, is almost 
unity and the conductivity is thermally assisted [12]. 

4. Conclusion 

Biopolymer electrolytes based on CMC doped with OA 
has been successfully prepared by solution casting tech- 
nique. The CMC-OA biopolymer electrolyte obtained the 
highest conductivity of 2.11 × 10−5 S·cm−1 at room tem- 
perature for sample OA-20 with OA concentration of  
 

 

Figure 4. Room temperature ionic conductivity of CMC- 
OA. 
 

 

Figure 5. Temperature dependence for conductivity of CMC- 
OA electrolyte. 
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20 wt%. The conductivity of the CMC-OA biopolymer 
electrolyte was further confirmed by the Arrhenius plot 
with regression values, R2, in the range of 0.97 to 0.99, 
showing that the samples obey Arrhenius behaviour. 
FTIR studies was carried out to determine the dissocia- 
tion of free protons (H+) from the carboxyl group 
(-COOH) of OA. XRD had shown that the samples were 
in amorphous state and can be clearly seen that OA-20 
had the highest intensity at the peak of 21˚ due to com- 
plexation of the sample. 
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