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ABSTRACT 

In this work, we prepared a solid polymer electrolyte based on starch and sodium hydroxide via a simple casting 

method. The hybrid starchsodium hydroxide film formed the belts morphology. Such belt structure is believed to be able 

to improve ionic mobility and electrochemical reaction effectively. The highest ionic conductivity was achieved at 3.93 x 

10
3

 S/cm for 25 wt% of sodium hydroxide. A comparative investigation on sodium hydroxide as an ionic dopant in starch 

proved that the sodium hydroxide addition is an effective way to increase ionic conductivity and electrochemical activity.    

 
Keywords: solution casting technique, solid polymer electrolyte, starch, sodium hydroxide, ionic conductivity, physical analyses, 

electrical conductivity. 

 

INTRODUCTION 

Solid polymer electrolyte (SPE) systems are 

promising candidates for allsolid state storage devices. 

These SPEs are known to have a lot of advantages such as 

no possibility of leaks, ability to strengthen devices due to 

its allsolid state construction, shape flexibility, low 

device weight as allsolid state devices do not need heavy 

metal casing, prevention of dendrite development, better 

overheat, wider operating temperature (40
o
C to 150

o
C 

compared to liquid electrolyte at 15
o
C to 60

o
C), and 

improved cell safety. The materials used in solid polymer 

electrolyte systems are inexpensive, 

environmentalfriendly and exist in abundance in nature. 

However, its conductivity at room temperature is not high 

enough for application in batteries. A highly resistive 

layers formation at the anodeelectrolyte interface 

provides another disadvantage.   

Many researchers have been implemented SPEs 

as one of the components in their allsolid state devices 

[18]. Singh et al. had tested the performance of a 

solidstate battery with a Zn/ZnSO4.7H2O/I2configuration 

[1]. The cell was given an open-circuit voltage of 1.1V, a 

shortcircuit current of more than 10mA and an energy 

density of 13.8Whkg
1

 at a constantcurrent drain of 

100A. The cells based on the Zn/PVAKOH/MnO2 

configuration conducted by [4] claimed that its open 

circuit potential had reached above 1.5 V. A plateau of 

cell voltage was shown in the discharge curves ranging 

from 1.3 to 1.1 V. The cell discharge capacity of ca. 210 

mAh g
1

 was obtained per gram of MnO2 mass for 1mA 

constant discharge current and exhibited good discharge 

characteristics and stability of the electrolyte. Hiralal et 

al. studied the mechanical stressed conditions of the 

allsolid state and flexible zinc carbon batteries [2]. By 

using a solid polymer electrolyte in the battery 

fabrication, the results showed that improvements in 

terms of battery shelf life and solidstate mechanical 

flexibility can be achieved. Similar results were also 

obtained by Fu et al. on a flexible solidstate electrolyte 

used in a rechargeable zincair battery system [3]. The 

system which used a nanoporous alkaline-exchange 

electrolyte membrane from natural cellulose nanofiber 

exhibited high ionicconductivity and water retention as 

well as high bending flexibility. These advantages render 

the membrane as a promising solidstate electrolyte for 

rechargeable zinc–air batteries in lightweight and flexible 

electronic applications. All of these novel works provide 

proof that the SPEs have potential in solidstate battery 

applications. Hence, SPEs based on starch complexed 

with sodium salts would be the next new system to be 

explored.  

Starch is a carbohydrate extracted from 

agricultural raw materials which extensively exist in 

factually thousands of daily food and nonfood 

applications. Since it is renewable and biodegradable, it is 

also an impeccable raw material to be used as a substitute 

for fossilfuel components in various chemical 

applications such as plastics, detergents, glues etc. Its 

potential as one of the components of interest in 

electrochemical storage devices provides extra advantages 

for advanced exploration [9-13].  

NaOH is known as a caustic soda. It is an 

inorganic compound with the formula NaOH. It is a white 

solid ionic compound consisting of sodium cations Na
+
 

and hydroxide anions OH
−
. It is used in many industries, 

including electrochemical applications [14-17]. Earlier 

studies have revealed that NaOH could improve some 

electrochemical properties of the energy storage systems 

in terms of its energy density and voltaic efficiency. 

To the best of our knowledge, studies on a 

starchNaOH solid polymer electrolyte hybrid are very 

rare. Therefore, this study is focused on the evaluation of 

the microstructure, crystallization behavior and electrical 

properties of the starchNaOH films. Moreover, this 

study is based on our recent reports on poly (sodium 4-

styrenesulfonate)LiClO4 and poly (sodium 4-

styrenesulfonate)NH4NO3 films [18, 19]. The material 

mailto:mfhassan@umt.edu.my


                                VOL. 13, NO. 20, OCTOBER 2018                                                                                                          ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2018 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                               8190 

produced involves degradable polymers, and thus is more 

biodegradable. 

 

MATERIALS AND EXPERIMENTAL METHODS 

 

Sample preparation 

Starch (derived from corn) and NaOH were 

purchased from Aldrich and SigmaAldrich, respectively. 

Concisely, two different solvents (25 ml distilled water 

and 0.6 ml glycerin) were mixed together under a 

temperature of 70 
o
C. Starch powder (1g) was added to 

the prepared solution under vigorous mechanical stirring. 

Next, NaOH concentrations (varied from 0 to 30 (in 

weight percentage, wt.%)) were added to the solution as 

scheduled in Table-1. The mixtures were stirred 

continuously until homogenous solutions were achieved. 

The solutions were poured into different plastic Petri 

dishes and left for thin film formation. The films were 

then kept in desiccators for a certain period to ease water 

content. All the experimental steps were conducted at 

room temperature. To note here, the weight in gram of 

NaOH was calculated using Equation 1 as follows: 

 𝑤𝑡. % = 𝑥𝑥+𝑦 × 100                    (1) 

 

where x is the amount of dopant in gram (g), y is 

the amount of starch, and weight percentage is the varying 

values of dopant in percentage form. All the experimental 

steps were carried out at room temperature and described 

in Figure-1. 

 

Table-1. The compositions of starch and NaOH powders. 
 

Sample 
Solvent (ml) Starch 

(g) 

Ionic salt 

(wt.%) 

 

Water Glycerin Ionic salt (g) 

Pure 25 0.6 1 0 0 

A 25 0.6 1 5 0.053 

B 25 0.6 1 10 0.111 

C 25 0.6 1 15 0.176 

D 25 0.6 1 20 0.250 

E 25 0.6 1 25 0.333 

F 25 0.6 1 30 0.429 

 

 
 

Figure-1. A schematic diagram to prepare starch-NaOH complex films. 
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Characterizations 

An Xray diffraction (XRD) analysis was 

performed using a MiniFlex II diffractometer equipped 

with an X’ celerator using CuKα operated at 40 kV and 30 
mA to record diffractogram in the range of 2θ = 10o

 to 

80
o
. 

Fourier transform infrared (FTIR) spectra of the 

pure starch and hybrid starchNaOH were recorded using 

a Thermo Nicolet Avatar 380 FTIR spectrometer at a 

resolution of 4 cm
1

 in the wave number range of 675 to 

4000 cm
1

.   

Micrographs of film surfaces were investigated 

using scanning electron microscopy (SEM) at an 

acceleration voltage of 20kV using JEOL JSM6360LA 

under magnifications of x300 to x10000, accordingly. 

Prior to the SEM observations, the samples were coated 

with a fine gold layer.  

Impedance analysis was measured using a HIOKI 

353202 LCR HiTester interfaced with a computer over 

a frequency range of 50Hz to 1MHz. The prepared 

samples were cut to 2 cm diameter size and positioned 

between two stainless steel electrodes on a sample holder 

which were connected via lead to a computer. The 

imaginary impedance (Zi) versus the real impedance (Zr) 

was plotted using the same scale for both vertical and 

horizontal axes in order to obtain the bulk resistance, Rb. 

A micrometerscrew gauge was used to measure the 

sample thickness, and the sample conductivity was 

calculated using the Equation (2) as follows: 

 𝜎 =  𝑡𝑅𝑏𝐴
                                                              

(2) 

 

where t is the thickness of the thin film (in cm), 

and A is the area of the contact and Rb is bulk resistance. 

 

RESULTS AND DISCUSSIONS 

 

 
 

Figure-2. XRD patterns for starch and hybrid starchNaOH films. 

 

The XRD patterns of the starch and hybrid 

starchNaOH films are shown in Figure-2. The pure 

starch diffraction pattern can be acknowledged with a 

broad peak of 2θ (15o
 to 27

o
). As discussed by some 

researchers, this peak is a combination of several peaks 

located at 2θ = 15.19o
, 17, 23

o
, 18.13

o
, 20.10

o
 and 23.10

o
. 

According to Ramirez et al., with the addition of glycerin, 

the starch grains were restructured, causing modifications 

to the crystallographic profile [20]. In other words, the 

crystallinity of starch was significantly reduced, and 

tended to exist in highly amorphous conditions. Similar 

results were also reported in literature [2026]. The other 

XRD patterns refer to the starchNaOH complex films. 

No major alterations were spotted with the addition of 

NaOH up to 20 wt.%, and the diffractograms definitely 

have a similarity and exist in an amorphous state. Several 

peaks at 17.8
o
, 28.6

o
, 33.5

o
, 39.8

o
 and 44.3

o
 were clearly 

visible after the addition of 25-30wt.% of NaOH. The 

peaks at 17.8
o
, 39.8

o
 and 44.3

o
 corresponded to NaOH 

peaks, and the rests were probably matched with Na2O 

and Na2O2[27]. From the XRD analyses, two conclusions 

can be made; first, the complex films were present in 

amorphous rather than crystalline condition, and NaOH 

did not wholly influence the crystallographic profile due 

to the incredibly amorphous nature of polymer and its 

incomplete crystalline structure, and second, the presence 

of a variation of peaks of the studied materials on the 
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crystallographic patterns had confirmed that the 

polymerization process had taken place in the solid 
polymer electrolyte preparation [2830]. 

 

 
 

Figure-3. This FTIR patterns for starch and hybrid starch-NaOH films. 

 

The FTIR spectra for the starch and 

starchsodium hydroxide complex films are illustrated in 

Figure-3. In the figure, the IR spectrum of films shows 

characteristic absorption bands at 1036 cm
1

, 1382 cm
1

, 

1643 cm
1

, 2916 cm
1

 and 3304 cm
1

, respectively. The 

IR spectrum of films showed a CO stretching in the plane 

at 1036 cm
1

 and an –OH bending vibration band at 1382 

cm
1

. The FTIR spectrum of the as-prepared films also 

showed the band at 1643 cm
1

 which was attributed to 

water adsorbed in the amorphous state and has been 

described to diverge based on crystallinity. The other peak 

located at 2916 cm
1

 corresponds to the methyl group (-

CH2 stretching vibration). The prepared film also showed 

an –OH stretching peak at 3304 cm
-1

 due to water 

absorption. As can be seen in the complexed spectra, there 

are significant changes for all films, particularly in terms 

of their intensity. Specifically, the peak intensity 

increased as the amount of NaOH increased (1382 cm
1

) 

and decreased with respect to the addition of NaOH (2916 

cm
1

 and 3304 cm
1

, respectively). All of the 

corresponding bands have been summarized in Table-2. It 

was undoubtedly confirmed that significant modifications 

had taken place in the chemical structure due to the 

doping of NaOH into the starch chains. These results 

verified that NaOH has been embedded into starch in the 

polymerization process.  

 

Table-2. FTIR absorbance, functional groups and references of starch–NaOH complex films. 
 

V(cm
-1

) related to the 

crystal system 
Absorbance change Functional group Reference 

1036  (CO stretching) [31] 

1382  
(OH bending 

vibration) 
[32] 

1643  
Hydroxyl (OH 

bending) 
[33] 

2916  
Methyl (CH2 

stretching vibration) 
[33] 

3304  
Hydroxyl (OH 

stretching) 
[34] 

 

**indicator: - not change;  increase;  decrease 
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Figure-4. SEM micrographs for (a,) starch film, (b) 5 wt.% of NaOH (sample A), (c) 10 wt.% 

of NaOH (sample B), (d) 15 wt.% of NaOH (sample C), (e) 20 wt.% of NaOH (sample D), 

(f) 25 wt.% of NaOH (sample E) and (g) 30 wt.% of NaOH (sample F). 

 

The morphologies of starch and hybrid 

starchNaOH films are illustrated in Figure-4. A without 

dopant film had a smooth surface morphology (Figure-

4a). The morphology had been altered with the presence 

of small quantities of round shapes on certain areas of the 

film after the addition of 5wt.% of NaOH. With the 

addition of 10wt.% of NaOH, the film did not change too 

much, but the round shape morphology had tripled in 

quantity compared to the previous film. The surface 

contour of the following samples (15, 20 and 

25wt.%NaOH) was extremely modified with the presence 

of very tiny particles on top of the film surface (25wt.% 

NaOH). Remarkably, the tiny particles observed at high 

magnification were attributed to the belt shape 

morphology probably because the belt shape can be 

consistently found in the whole area of film. The belt 

shape structure had the width and length of around of 250 

nm and 1.50 m (Figure-4f1), respectively. With further 

additions of NaOH (25wt.%), the contour had changed to 

accommodate a bigger belt size (width = 1 m and length 

= 2.5 m) as shown in Figure 4g. 

 

Table-3. The bulk resistance and ionic conductivity of 

starch–NaOH complex films. 
 

Sample 
Bulk resistance, 

Rb (Ω) 
Conductivity,  

(S cm
1

) 

Pure 8.21 x 10
3
 1.20 x 10

6
 

A 1.18 x 10
2
 1.14 x 10

4
 

B 4.80 x 10
1
 2.09 x 10

4
 

C 1.50 x 10
1
 7.36 x 10

4
 

D 6.00 x 10
0
 1.93 x 10

3
 

E 2.70 x 10
0
 3.93 x 10

3
 

F 3.00 x 10
1
 5.24 x 10

4
 

(a) (b) 

(c) (d) 

(e) (f) 

(f1) (g) 
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Figure-5. The conductivity variation as a function of salt content at room temperature. 

 

The values of bulk resistance and conductivity 

are listed in Table-3, whereas the trend of conductivity 

versus salt content of prepared films is depicted in Figure-

5. The measured thicknesses of the films were in between 

0.009 to 0.049 cm. The bulk resistance of starch was 8.21 

x 10
3
 Ω with an ionic conductivity of approximately 1.20 

x 10
6

 S cm
1

. With the addition of 5 wt.% of NaOH to 

the polymer, the bulk resistance decreased to 1.18 x 10
2
 Ω 

and the ionic conductivity increased to 1.14 x 10
4

 S cm
1

. 

The bulk resistance (4.80 x 10
1
 Ω) decreased after that, 

given the ionic conductivity of 2.09 x 10
4

 S cm
1

 for the 

film containing 10 wt.% of NaOH. With the addition of 

15 wt.% of NaOH, the bulk resistance increased to 2.30 x 

10
2
 Ω and the ionic conductivity achieved was 4.80 x 10

5
 

S cm
1

). The measured resistance decreased to 5.10 x 10
1
 

Ω, while the ionic conductivity increased to 2.27 x 104
 S 

cm
1

 for the film with 20 wt.% of NaOH. The increasing 

trend of ionic conductivity continued for the film 

containing 25 wt.% of NaOH and its value was 1.07 x 

10
3

 S cm
1

 with a bulk resistance of 2.7 Ω. With the 
addition of 30 wt.% of NaOH, the bulk resistance was 

increased; as a result, the ionic conductivity of film 

decreased (5.24 x 10
4

 S cm
1

). With further additions of 

NaOH, the solution experienced low rigidity, thus causing 

the film to be hard to form. It was anticipated that the 

variation in ionic conductivity was attributed to the 

mobilefree ion associations occurring at low and high 

salt concentrations. At the medium salt concentrations, the 

dissociation and redissociation of salt had taken place [35, 

36]. The drop in conductivity could be because of the 

increase in crystallinity as confirmed by the increase in 

intensity and the few peaks which emerged on the Xray 

diffractogram. Besides that, another factor which 

contributed to the high ionic conductivity was the 

modification on the of film morphology to a beltshape 

structure. According to literature, materials with 

beltshape structures are wellknown to have special 

properties such as effective improvisation of electrical 

conductivity, good mechanical strength, high catalytic 

activity and good electrochemical stability. We believed 

that this second factor might be the alternative side that 

contributed to the high ionic conductivity in the studied 

film [37, 38]. 

For comparison purposes, the method of 

synthesis, morphology and conductivity values of our 

prepared starch-NaOH microbelt films in this work and 

those of starchbased materials reported in the literature 

are summarized in Table 4. The results presented here 

show that the prepared starchNaOH microbelt films 

possesses a fascinating structure and exhibit high ionic 

conductivity which is rarely documented in previous 

reports. 
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Table-4. Comparison of the conductivity value of hybrid starchNaOH film prepared in this work with those 

of starch produced with different shapes and by different methods, as reported in literature. 
 

Sample Solvent Morphology Conductivity (S/cm) Reference 

Corn starch-NaOH distilled water + glycerol belts shape 3.39 × 10
−3

 This work 

Potato Starch-Mg(C2H3O2)2 acetic acid + glycerol - 2.44 × 10
−8

 [39] 

Corn Starch-LiPF6 distilled water - 1.47 × 10
−4

 [40] 

Starch-KI distilled water - 7.02 × 10
−3

 [41] 

Potato Starch/Chitosan- 

LiCF3SO3 

distilled water + ethanoic 

acid 
- 7.11 × 10

7
 [42] 

Potato starch-Sodium Salts 

distilled water + 

glutaraldehyde 

+ polyethylene glycol 300 

- 1.12 × 10
−4

 [43] 

Rice Starch-LiI distilled water - 4.68 × 10
−5

 [44] 

Sago starch-KI distilled water entangled matrix 2.91 × 10
−4

 [45] 

Cassava Starch glycerol - 4.90 × 10
−5

 [46] 

Cassava Starch-Glycerol-

Glutaraldehyde-

Polyethyleneglycol-Lithium 

Perchlorate 

water granules 1.6 × 10
−6−8.1 × 10

−3
 [47] 

Corn starch-LiClO4-BaTiO3 water 

aggregate and 

tail like chain 

particles 

1.28 × 10
−2

 [48] 

Starch/Chitosan-NH4NO3 distilled water - 3.89 × 10
5

 [49] 

Corn starch–chitosan-NH4I acetic acid + deacetylation granules 3.04 × 10
−4

 [50] 

 

CONCLUSIONS 
In summary, a highly ionic conducting 

starchNaOH polymer electrolyte film was prepared via a 

solutioncasting technique. Interestingly, this simple 

preparation method had an important effect on the 

formation of a uniform dimension and a highly 

amorphous belt structure. The 25 wt.% starchNaOH 

microbelt film exhibited the highest ionic conductivity at 

as high as 3.39 × 10
3

 S cm
1

. Two main factors were 

thought to contribute to the high conductivity values. First 

is the amorphous structure (belts-shape structure) of the 

complex film which acts as a supportive medium for fast 

ionic movement. The second factor is related to the 

inorganic salt which supplied free mobile ionic 

conductors to the closed system until a saturated condition 

was achieved. Combined with its unique characteristics of 

mentioned above, it is therefore expected that the present 

reported starchNaOH microbelt polymer electrolyte 

film can be a promising candidate material for application 

in energy storage devices.   
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