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ABSTRACT: Different ratios of bismuth ferrite (BiFeO3) nanoceramic doped with cellulose acetate-lithium chloride 
(CA:LiCl) polymer electrolytes were successfully prepared using solution cast method. All samples were characterized 
by attenuated total reflectance-Fourier transform Infrared (ATR-FTIR), X-ray diffraction (XRD), scanning electron 
microscopy (SEM), impedance spectroscopy (EIS). The complex permittivity, 𝜉* and electric modulus, Μ* have been 
analysed. Highest ionic conductivity obtained is 2.34 x 10-4 S cm-1 by employing 0.5 wt % BiFeO3 nanoceramic in 
CA:LiCl polymer electrolyte system. Surface morphology of CA:LiCl: BiFeO3 film showed molecule closely packed 
structure which enable the increment of the conductivity and in association with the enhancement of complexation 
between Li+ ion and CA as resulted from ATR-FTIR and XRD.  
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1. Introduction  
 

Polymer electrolytes (PEs) have been widely 
investigated because of their potential  as an ionic 
conducting materials that can be used in the fabrication of 
solid-state electrochemical devices [1], particularly 
rechargeable batteries [2], electrochromic windows [3], 
capacitors and sensors [1]. Polymer electrolytes are known 
to exhibit several advantages like flexibility, ease in 
formation of thin film and provide a good electrode-
electrolyte contact. Solid polymer electrolyte has a very 
high thermal stability and highly selective than liquid 
electrolytes [4]. Liquid electrolytes are deemed to be 
hazardous as they are hard to be handled due to the leaking 
of electrolyte especially in batteries [3]. From the previous 
studies, poly (ethylene oxide) was used as polymer 
electrolytes for the development of lithium polymer 
batteries [3, 5]. Poly (ethylene oxide) is a polycrystalline 
material due to their good thermal properties and 
interfacial stability with the Li electrode. Poly (ethylene 
oxide) based electrolyte has a low ionic conductivity in 
between 10-8  and 10-7 S cm-1 which are too low to be used 
in electrochemical devices [6].  

	  

Aside from poly(ethylene oxide) which the common 
polymer electrolyte used, there are few types of 
biopolymers such as chitosan [7], starch [8] and cellulose 
derivatives such as cellulose acetate [6] that will sewed as 
polymer electrolyte. Cellulose acetate (CA) is one of the 
numerous attractive polymers due to their 
biodegradability, low production cost and good 
mechanical properties [1, 3]. However, because of their 
low ionic conductivities value around 10-10 S cm-1, the 
polymer has been doped with salt in order to enhance the 
conductivity of system.            	  

Addition of salt is a promising method to prepare 
highly ion-conductive polymer thin films, the values of 
conductivities in between 10-4 to 10-3 S cm-1 [6]. Lithium 
ion is the smallest metal cation, which means it may easily 
complex with polymer. The bigger anionic size of the salt 
is will help to increase the conductivity of the polymer 
electrolyte due to the interaction of Li+ cation and 
polymer. The bigger the size of the anion, the higher the 
chances of lone pair electron to interact with cation 
forming polymer-salt complexation, thus increase the 
conductivity [9]. In this type of composite polymer 
electrolytes with presenting different types of filler have 
been demonstrated as one of the effective ways for solid 
lithium batteries [4]. The filler can either catalyze or retard 
the polymer degradation in the composite. Few types of 
new fillers such as TiO2 [10, 11]. SiO2 [12], and Al2O3 [13] 
have been used in previous studies for enhancement 
properties of polymer electrolyte. Weston and Steele [14] 
first demonstrated the idea as a means to increase the 
mechanical properties of the polymer. It was found that 
composite formation not only increased the mechanical 
properties of the electrolyte, it also enhanced the ionic 
conductivities of the electrolytes leading to their use in 
lithium batteries. 

Bismuth ferrite (BiFeO3) is an inorganic chemical 
compound with perovskite structure, was a well 
investigated material with multiferroic properties. The 
BiFeO3 is also another type of filler which used in 
composites.  It has received considerable interest because 
it has both ferroelectric and ferromagnetic properties [15]. 
Multiferroic filler has the ability to increase the polarity of 
the polymer electrolyte backbone and to increase the 
charge of separation, enhance conductivity [16] and have 
broader applications in field of transducers, magnetic field 



	  

	  
	  

sensors and information storage industry. This paper 
reported the effect of bismuth ferrite nanoceramic using 
biopolymer template on the electrical conductivity and 
properties of CA:LiCl polymer electrolyte. 

 
2. Experimental 
2.1 Material 

Cellulose acetate (Aldrich, USA), acetone (99.5% 
purity), bismuth nitrate pentahydrate (98% purity) (Sigma-
Aldrich, Maxico), iron (III) nitrate nanohydrate (98% 
purity) (Sigma-Aldrich, Germany), ammonium hydroxide 
(30% purity) (Sigma-Aldrich), lithium chloride (99% 
purity) (Riedel-de Haen, Germany) and alginic acid 
(Acros Organic, USA) were used as received. All solution 
was prepared using distilled water during synthesis.  
 
2.2 Preparation of Bismuth Ferrite (BiFeO3) 
Nanoparticles by Biopolymer Template 

Bismuth nitrate pentahydrate (Bi(NO3)3.5H2O) and 
ferrite nitrate nanohydrate (Fe(NO3)3.9H2O) were 
dissolved in 25 ml volumetric  flask using distilled water, 
to make 0.2 M solution. Alginic acid was added to the 
solution under constant magnetic stirring. The pH of the 
mixture was adjusted using NH4OH and dried overnight in 
oven (80 °C) to evaporate the water and brown fumes 
formed. Finally, resultant dried gel was calcined at 550 °C 
for 2h to yield BiFeO3 powders. 
 
2.3 Preparation of Cellulose Acetate Thin Film 

In this work, 0.5 g of cellulose acetate (CA) powder 
was dissolved in 20.0 ml of 95% acetone solution as a 
solvent. To these solutions, LiCl was added in different 
amounts. Cellulose acetate and LiCl were mixed in several 
weight percent ratio (100:0, 80:20, 70:30, 50:50 and 
20:80). The solution was stirred until completely dissolved 
with salt for several hours. The solution was then cast into 
different petri dishes and dry at 80 ℃  in the oven for 20 - 
30 min to form a film. The impedance spectroscopy 
analysis was carried out in order to study their electrical 
properties and dielectric behavior. The optimum weight 
ratio of CA:LiCl which exhibits highest electrical 
conductivity will be further studied.  
 
2.4 Preparation of Cellulose Acetate Thin Film with 
Addition of BiFeO3 

Different weight percent of filler BiFeO3 (0.2, 0.5, 2, 4 
and 6 wt. %) will be mixed with the chosen ratio of 
CA:LiCl due to the optimum conductivity of CA:LiCl 
measured from five different ratios  (100:0, 80:20, 70:30, 
50:50, 20:80 ) that been studied. The conductivity and 
dielectric properties of the sample was investigated. 
 
2.5 Characterization 
 

The morphology and size of the synthesized samples 
were analyzed using Scanning Electron Microscope with 
Energy-Dispersive X-ray (SEM-EDX) FEI-QUANTA 
FEG 650. Chromium was used to coat the sample before 
characterizing the morphology of the sample. The phase 
structure and phase purity of the as synthesized powders 

were determined using powder X-ray diffraction (XRD) 
measurements. It was carried out with a PANalytical 
X’Pert PRO Ɵ-2Ɵ equipped with graphite monochromatic 
Cu from 10º to 70º at room temperature. The complexation 
of the sample was determined by analyzing the functional 
groups present in the sample using Perkin Elmer, FT-NIR 
Spectrometer Frontier Universal ATR sampling accessory. 
The scanning range is from 400 – 4000 cm-1 and the 
resolution is 1 cm-1. The impedance measurements were 
conducted using Gamry reference 600 
potentiostat/galvanostat/ZRA that has been interfaced with 
data collection in the frequency range from 1 MHz to 100 
Hz. Vernier caliper was used to measure the thickness. 
The thickness of films ranging from 0.005 to 0.015 cm. 
Dielectric behaviour of polymer electrolytes was analyzed 
using complex permittivity (𝜉*), complex dielectric 
modulus (Μ*) and dissipation factor (tan δ). 
 
3. Results and Discussion  
 

3.1 ATR-IR of CA-LiCl Doped BiFeO3 
ATR-FTIR spectra of pure cellulose acetate (CA), 

composite CA:LiCl and CA:LiCl doped BiFeO3 were 
shown in Figure 1. Assignments of the representative 
band for studied were noted in Table 1. The characteristic 
bands of pure cellulose acetate (pure CA) in IR spectrum 
were observed in Figure 1(a), the stretching vibration 
carbonyl (C=O) group absorption appears at 1735 cm-1 
and -CH2 bending vibration band appeared at 1431 cm-1, 
C-O is stretching mode of the C-O-C (ether linkage) group 
vibration occurred from 1030-1216 cm-1. 

Figure 1(b) are the infrared spectra of 70:30 CA:LiCl. 
The evidences of complexation were based on the 
characteristic peak of C=O symmetric was shifted to lower 
frequency at 1734 cm-1 and C=O asymmetric was 
displaced to higher frequency at 1637 cm-1 after 
complexation with LiCl. This interaction consequently 
results with changes in peak relative intensity from 55 % 
to 61 % and 93 % to 74 %, respectively upon 
complexation with salt. The shifting of C=O peak to lower 
wavenumber upon the introduction of LiCl suggesting the 
interaction of C=O and Li+ ions occurred via Li+-O=C 
coordination bond to form a complex. The linkage of C-O-
C symmetric, asymmetric and stretching were observed to 
appear between 1037-1230 cm-1 and it is slightly different 
from pure cellulose acetate. The CH2 bending remains the 
same at 1431 cm-1 but slightly decrease in intensity from 
88 % to 87 %. A sharp, strong peak due to C-O-C 
asymmetric stretching vibration of ester group of pure CA 
is shifted to 1231 cm-1.  

From Figure 1(c), C=O symmetric and asymmetric 
mode are remain unshifted, however, the intensity increase 
to 73 % and 77 % respectively, due to the addition of 
BiFeO3 imply that the complexation has taken place. The 
most prominent shifting observed for C-O-C band from 
1217 to 1230 cm-1 (arrow shown in Figure 1c) as well as 
the increasing of peak intensity upon the addition of 
BiFeO3 nanoceramic to CA:LiCl system. Thus, it is 
confirmed that the addition of nanoceramic resulted the 
enhancement of Li+ ion to form complexes and coordinate
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Figure 1: ATR-FTIR spectra of (a) Pure CA, (b) 70:30 CA:LiCl and (c) CA:LiCl:BFO. Arrows represents shifting of C-
O-C (symmetric) wavenumber 
 
Table 1: Band assignments and wavenumbers exhibited 
by the studied samples 
 
Band 
assignments 

Pure CA 
[17, 18] 

CA:LiCl CA:LiCl:BFO 

O-H stretching  3473 3379 3368 
C-H stretching 
(CH3) 

2939 2944 - 

C-H stretching 
(CH2) 

2876 - - 

C=O 
symmetric 

1735 1734 1734 

C=O 
asymmetric 

1634 1637 1637 

CH2 bending 1431 1431 1431 
C-H bending 1367 1369 1369 
C-O-C 
symmetric 

1217 1231 1230 

C-O-C 
asymmetric 
bridge 
stretching 

1161 1159 1159 

C-O-C 
stretching of 
the pyrose ring 

1030 1037 1036 

δ C-H 901 904 903 
 
with cellulose acetate (CA) backbone. BiFeO3 

nanoceramic with rhombohedral structure will help Li+ ion 
to form complete from the structural modification 
associated with the polymer host. The addition of BiFeO3 
nanoceramic assists the lithium ion to dissociate more 
easily in the matrix and form coordinates with CA. The 
enhancements of conductivity value were due to the lewis 

acid nature of the filler with high surface area; this will 
lead the weaker interactions between polymer and lithium 
ions.  Hence, the interaction resulted in stiffening of the 
polymer but allows higher mobility of Li+ ions through an 
interfacial region. Therefore, the addition of filler particles 
created a new pathway for the lithium ions [16]. 
 
3.2 Morphology of CA-LiCl Doped BiFeO3 

Figure 2 shows the SEM image taken for sample of (a) 
pure CA, (b) BiFeO3 (c) 70:30 CA:LiCl and (d) 
CA:LiCl:BiFeO3. The morphology of pure cellulose 
acetate (Figure 2a) was smooth with pores on the feature 
surface while morphology of control BiFeO3 nanoceramic 
exhibits a uniform rhombohedral structure as shown in 
(Figure 2b). The addition of lithium chloride uniformly 
distributed and the surface become smoother as increase 
the amount of salt as shown in (Figure 2c). From (Figure 
2d) the surface of the film of CA:LiCl comparatively 
rough with molecule closely packed each other when the 
film was doped with BiFeO3. This morphology would 
enhance the conductivity properties of polymer 
electrolytes by allowing more hoping sites for conduction 
of Li+ ion. 

 
3.3 X-ray Diffraction of CA-LiCl Doped BiFeO3  

The X-ray diffraction pattern of BiFeO3 nanoceramic 
confirmed highly crystalline rhombohedral structure 
without any secondary phases observed after the synthesis 
(Figure 3). The diffraction peaks for pure BiFeO3 
nanoceramic exist at 2θ = 22.50º, 31.99º, 39.45º, 45.81º, 
51.31º, 57.07º, 67.10º, 71.80º and 76.20º. The X-ray 
diffraction patterns of pure CA, 70:30 CA:LiCl and 
CA:LiCl:BiFeO3 were shown in Figure 4. It can be seen 
that the XRD pattern of pure cellulose acetate exhibits
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Figure 2: Morphology of (a) Pure CA, (b) BiFeO3, (c) 70:30 CA:LiCl, (d) CA:LiCl:BiFeO3 (Magnification : Figure 2A, 
2C, 2D: 30,000x and Fig 2B : 50,000x) 
 

 
 

Figure 3: XRD pattern of control BiFeO3 nanoceramic 
 
2-theta value at 23° corresponds to its partial crystalline in 
nature [19].  

The XRD curve of CA:LiCl complexes with ratio 
70:30 shows the decreasing in partial crystallinity pattern 
of cellulose acetate (CA). This indicates the absence of 
excess of lithium salt that uncomplexed with the polymer 
material [17]. For CA:LiCl:BiFeO3 complexes, broad peak 
were observed with 2-theta value undergo shifting towards 
lower angle from 2θ = 23° to 18° as the optimum 
concentration of filler (0.5 wt. %) added. Thus, it indicates 
the increasing in lattice constant of the cellulose acetate 
that reinforced by BiFeO3 nanoceramics, thus contribute to 
the enhancement of the conductivity. This complexation or 
reinforcement on the polymer backbone was in agreement 
from the results of ATR-FTIR.  

 

 
Figure 4: XRD pattern of Pure CA, 70:30 CA:LiCl and 
CA:LiCl:BiFeO3 
 
3.4 Conductivity of CA-based Polymer Electrolytes 

The impedance plots in Figure 5 and Figure 6 shows 
the addition of salt and nanoceramic have influenced the 
conductivity of the system compared to pure cellulose 
acetate (CA) system.  The impedance plot of one portion 
of the pure cellulose acetate film was observed that the 
plot consists of part of a depressed semicircle indication 
that the ions have different relaxation times [20]. The 
calculated conductivity of pure cellulose acetate gives a 
value of 1.68 x 10-10 S cm-1 and the bulk resistance has 
decreased compared to the pure cellulose acetate with 
addition of salt and nanoceramic fillers. 

Conductivities measured for CA:LiCl based electrolyte 
are higher than the pure cellulose acetate based material
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Figure 5: Impedance plot of (a) Pure CA and (b) 70:30 CA:LiCl at room temperature (inset)
 

 
(Table 2). The maximum conductivity value 5.32 x 10-5 S 
cm-1 was obtained for the sample contain ratio 70:30 at 
room temperature, which is about five magnitudes of 
orders higher than the ionic conductivity value of pure 
cellulose acetate. In addition, the graph (Figure 7) can be 
divided into two distinct regions: Region I and Region II, 
where the ionic conductivity increase as the salt 
concentration increase and decrease as the salt 
concentration further increases, respectively due to the 
number of free ions due to ion association. 

The plot of ionic conductivity versus BiFeO3 
nanoceramic filler content were shown in Figure 8 and the 
conductivity value of different amount of BiFeO3 added 
aaa 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
were summarised in Table 3. The conductivity increases 
to reach a maximum at 0.5 wt. % BFO. Upon further 
increase in BiFeO3 content to 6 wt %, the conductivity of 
the composite polymer electrolytes decreases.  

The maximum conductivity for the system 
CA:LiCl:BiFeO3 at 0.5 wt. % with average conductivity 
value of  2.34 x 10-4 S cm-1. Upon the addition of BiFeO3 
nanoceramic to the mixture of cellulose acetate and 
lithium chloride, the ionic conductivities value are 
improving to one magnitude higher than CA:LiCl system 
conductivity. This effect may be attributed to the fact that 
the nanoceramic fillers retain electrolyte and provide a 
route for ion transfer. 

 
 
 

 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 

Figure 6: Impedance plot of (a) Pure CA and (b) CA:LiCl:BiFeO3 at room temperature (inset) 
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Figure 7: Effect of LiCl concentration on the ionic 
conductivity of CA:LiCl systems at room temperature 
 
Table 2: Conductivity values for the films prepared from 
the different weight percent ratio of cellulose acetate and 
LiCl salt with contact area, A = 2.269 cm2 at room 
temperature. 
 

Sample ratio Conductivity, Scm-1 Std. dev, 𝜎 

100:0 1.68 x 10-10 - 

80:20 3.61 x 10-6 3.62 x 10-6 

70:30 5.32 x 10-5 1.97 x 10-5 

50:50 2.51 x 10-5 6.83 x 10-6 

20:80 2.71 x 10-5 6.93 x 10-6 

 
Table 3: Conductivity values of cellulose acetate and salt 
with different amount of BiFeO3 nanoceramic 
 

Sample Conductivity, Scm-1 Std. dev, 𝜎 

BFO 0.2wt% 1.45 x 10-5 1.50 x 10-5 

BFO 0.5wt% 2.34 x 10-4 1.79 x 10-4 

BFO 2.0wt% 5.21 x 10-5 3.11 x 10-5 

BFO 4.0wt% 7.89 x 10-6 4.29 x 10-6 

BFO 6.0wt% 9.83 x 10-6 3.07 x 10-6 

 
3.5 Dielectric Behaviour of CA-based Polymer 
Electrolytes 

Figure 9 depict the variety of real part (Mr) of the 
electric module and the loss tangent frequency for 
CA:LiCl electrolyte system. The relaxation peak at Mr 
may be clearly seen from (Figure 9a).  

The presence of such relaxation peak indicates that the 
system is ionic conductors [21]. The peak curves at higher 
frequency with increased conductivity and this may be due  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8: Effect of BiFeO3 concentration on ionic 
conductivity of CA:LiCl:BiFeO3 systems at room 
temperature 
 
to the bulk effects. It can be observed from Figure 9 that 
relaxation peak tends to shift to regions of higher 
frequency as the salt increase.  

The further relaxation peaks for system with salt 
content for 70:30 are not seen in the plot since it occurs in 
the frequency range higher than the range permitted by the 
investigation. Therefore, the relaxation time for the highest 
conducting sample 70:30 should be shortest. This can be 
seen in a plot of tan δ versus frequency as shown in 
(Figure 9b) and the value of loss tangent was listed in 
Table 4. The appearance of this long tail at the low 
frequency end is due to the large capacitance associated 
with the electrode at lower frequency [22]. 

The room temperature variation of the electric modulus 
formalism for CA:LiCl:BiFeO3 sample are shown in 
(Figure 10a). The height of the peak in real part increases 
as the conductivity decrease indicating a plurality of 
relaxation mechanisms [23]. The long tail observed at the 
low frequency regime of the plot is due to the large 
capacitance of the electrodes. A relaxation peak is 
observed in the Mr plot indicating that these samples are 
ionic conductors. The relaxation peak that occurs in 
CA:LiCl:BiFeO3 systems at the optimum concentration of 
0.5 wt % BiFeO3 that gives highest conductivity value as 
shown in (Figure 10b). The variation value of tan δ for 
CA:LiCl-BFO systems was listed in Table 5. 
 
Table 4: Tan δ value of CA:LiCl systems at room 
temperature 
 

Sample ratio Tan δ 

80:20 4.67 

70:30 1.12 

50:50 0.99 

20:80 0.48 
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Figure 9: Frequency dependence of the (a) real part of electric modulus and (b) loss tangent (tan δ) with frequency for 
CA:LiCl systems at room temperature 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10: Frequency dependence of the (a) real part of electric modulus and (b) loss tangent (tan δ) with frequency for 
CA:LiCl:BiFeO3 systems at room temperature 
 
Table 5: Tan δ value of CA:LiCl:BiFeO3 systems at room 
temperature 
 

Sample Tan δ 

BFO 0.2wt% 2.51 

BFO 0.4wt% 1.84 

BFO 2.0wt% 2.82 

BFO 4.0wt% 2.53 

BFO 6.0wt% 2.51 

 
4. Conclusions 

In this work, the pure cellulose acetate thin films 
exhibit ionic conductivity of about 1.68 x 10-10 S cm-1. The 
highest ionic conductivity was obtained for the CA:LiCl 
system with weight ratio 70:30 with a value of 5.32 x 10-5 

S cm-1. With addition of optimum concentration of 
nanoceramic (0.5 wt. % BFO), the highest conductivity 
value obtained is 2.34 x 10-4 S cm-1 The modulus spectrum 
and dielectric studies show non-Debye behaviour and are 
strongly dependent on frequency. The changes in the 
matrix properties upon addition of salt and nanoceramic 
were induced by the possible interaction and complexation 
between the added chemical constituents as confirmed 
from the functional groups, morphology and structural 
properties of CA-based polymer electrolytes. 
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