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A transparent polymer-hydrogel electrolyte was successfully synthesized on the basis of polyvinyl 

alcohol (PVA). Sulfuric acid (H2SO4) as a dopant electrolyte was used to dissolve PVA. 

Hydroxyethylcellulose (HEC) was then added into the PVA/H2SO4 solution. By analyzing their FTIR 

spectra, it was found that HEC interacts with PVA/H2SO4 in the form of a three dimensional polymeric 

network or HEC and PVA/H2SO4 chains existed in the hydrogel-polymer electrolytes. From the AC 

impedance spectroscopy, it was shown that the hydrogel-polymer electrolyte with 1 wt.% of HEC has 

the highest ionic conductivity. The highest capacitance of 160 F/g was given by the supercapacitor 

employing the hydrogel-polymer electrolyte with 1 wt.% of HEC as confirmed by its cyclic 

voltammetry. 
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1. INTRODUCTION 

In the last decade, utilization of a hydrogel containing an electrolyte (a hydrogel electrolyte) 

has been considered as a substitute of a liquid electrolyte for supercapacitors because of its reliability, 

flexibility, leakage free and safety [1,2]. A few studies of hydrogel electrolytes for supercapacitors 

application including the hydrogels based on potassium poly(acrylate) (PAAK), poly(acrylamide) 

(PAAM), polyvinyl alcohol (PVA), and polyvinyl alcohol/poly(acrylic acid) (PVA/PAA) have been 

done [3-9]. Among the polymers, PVA is more attractive because it is biodegradable, nontoxic, 

inexpensive and chemically stable. The PVA hydrogels also have high structural integrity and good 

mechanical properties [10,11]. Moreover, the –OH groups of PVA absorbs a large of water that extend 

the water content absorbs consequently enhance its ionic conductivity [12].   
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The PVA hydrogels are usually prepared from dialdehyde (glutaraldehyde)-based cross linking 

agents under acidic condition [10,13]. However, the prevalent crosslinkers have drawbacks due to 

toxicity, cost, and difficulty in controlling the reaction. Fortunately, PVA has unique properties that 

allow the crosslinking without using a chemical reaction. It is a challenge to utilize gelatin substance to 

substitute glutaraldehyde and serve as an efficient route to produce the hydrogel. 

Hydroxyethylcellulose (HEC) as one of gelatin/thickening agents commonly known in industry 

application [14,15] is a nonionic polymer compound that is soluble in water and its ionic conductivity 

can be fine-tuned under acidic condition [16]. However, an elaborate study on PVA/HEC hydrogels 

for supercapacitor applications is still lack. This paper reports the syntheses of hydrogel-polymer 

electrolytes based on PVA dissolved in H2SO4 and added with HEC and the fabrication of 

supercapacitors using the hydrogel-polymer electrolytes. 

 

 

 

2. EXPERIMENTAL 

Polyvinyl alcohol (PVA), (CH2CHOH)n, (Bratachem, Indonesia) with an average molecular 

weight of 20,000 was dissolved in 4 M sulfuric acid (H2SO4) at 40C. After complete dissolution, 

hydroxyethylcellulose (HEC) (Bratachem, Indonesia) was added into the solution and then stirred at 

room temperature for several minutes. A transparent hydrogel-polymer electrolyte was finally 

obtained. The concentration of HEC was varied from 1 to 5 wt.% to optimize the hydrogel-polymer 

electrolyte.   

For making supercapacitors, the electrodes were the coconut shell-based nanoporous carbon 

(NPC) mixed with 10 wt.% graphite and 10 wt.% PVA solution. The resulting mixtures were then 

coated on an aluminum current collector to obtain an NPC electrode on the aluminum current 

collector. The resulting NPC electrodes were then dried at 110C for 2 h. A supercapacitor was 

assembled like a sandwich in which the hydrogel-polymer electrolyte is inserted between the 

electrodes. The detailed procedure was described in our previous work [17].   

As-synthesized hydrogel-polymer electrolytes were characterized using a Fourier transform 

infrared spectrometer (FTIR) (Shimadzu IRPrestige-21). Their electrical impedance characteristics 

were investigated by using an AC impedance spectroscopy (Agilent E4980A). Cyclic voltammetries of 

the supercapacitors were performed using a potentiostat (Hokuto Denko HB-501) with Ag/AgCl 

reference electrode. 

 

 

 

3. RESULTS AND DISCUSSION 

Figure 1 gives FTIR spectra and their peaks were identified by comparing to those in Ref. [18]. 

The FTIR spectrum of PVA/H2SO4 solution (Fig. 1.(a)) has the following peaks. The broad peak in 

3500-3450 cm
-1

 region (label A) is attributed to the O-H stretching of alcohol group. The sharp peak at 

1637 cm
-1 

(B) is assigned to the C=O stretching of carboxyl group. The bands at 1288 cm
-1

 (C) and 

1174 cm
-1

 (D) are due to the CH2 and CH wagging vibrations, respectively. The bands at 1055 cm
-1
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(E), 1002 cm
-1

 (F), and 883 cm
-1

 (G) belong to the C-C stretching, C-O stretching, and CH2 out of 

plane vibrations, respectively. The others are the O-H plane bending motions at 669 cm
-1 

(H) and 584 

cm
-1

 (I). The FTIR spectrum of HEC given in Fig. 1.(b) shows several typical peaks. The peaks at 

3440 and 1635 cm
-1

 are originated from the O-H stretching and C=O stretching of carboxyl group, 

respectively. The wider peak at 678 cm
-1

 is due to the O-H plane bending.   

Figures 1.(c)-1.(e) depict the spectra of hydrogel-polymer electrolytes with 1, 2.5, and 5 wt.% 

of HEC, respectively. It is seen that the peaks of O-H stretching, C=O stretching, and CH wagging are 

still found while that of CH2 wagging disappeared. The peaks of C=O stretching in the spectra of 

hydrogel-polymer electrolytes are strengthened as compared to that in the spectrum of PVA/H2SO4 

solution. It is also observed from the spectra of the hydrogel-polymer electrolytes that the peak of CH 

wagging at 1174 cm
-1

 shifted to higher wavenumbers (1199-1205 cm
-1

), indicating shortened bond 

lengths of gel-like structures in the electrolytes [19]. These indicate that HEC interacts with 

PVA/H2SO4 in the form of a three dimensional polymeric network. In other words, HEC and 

PVA/H2SO4 chains existed in the hydrogel-polymer electrolytes [20].    

Moreover, a broad peak of O-H stretching in the spectra of hydrogel-polymer electrolytes with 

1 wt.% of HEC reflects possible interactions through hydrogen bonds between PVA and HEC [21]. By 

increasing the concentration of HEC up to 5 wt.%, the peak of O-H stretching is narrowed due to the 

hydrolysis of the HEC as consequence of a large amount of HEC itself [22]. The hydrolysis breaks the 

molecular bonds of HEC under acid condition [23-24]. The higher the concentration of HEC, the more 

extensive hydrolysis of the hydrogel is. As the network junction of the HEC moves away, the 

hydrogen bond strength is therefore reduced.  This phenomenon was observed physically from the 

stiffness of hydrogel-polymer electrolytes with 2.5 and 5 wt.% of HEC.  

 

 
 

Figure 1.  FTIR spectra of (a) PVA/H2SO4
 
solution, (b) HEC solution, and hydrogel-polymer 

electrolytes with 1 (c), 2.5 (d), and 5 wt.% (e) of HEC.  
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The impedance spectra of as-synthesized hydrogel-polymer electrolytes are depicted in Fig. 2. 

The typical Nyquist plot includes a small semicircle part at higher frequencies corresponding to the 

ionic transport and a linear part at lower frequencies resulting from the interface between electrolyte 

and the electrode. The behavior of the hydrogel-polymer electrolyte can be clarified by an equivalent 

circuit shown by the inset of Fig. 2. The equivalent circuit includes the ohmic resistance (Rs) of the 

hydrogel-polymer electrolyte, the Warburg impedance (Zw) of the electrode, the constant phase 

element (CPE), and the interface resistance (Ri) of the electrode and the electrolyte.   

The point of an impedance spectrum in the range of high frequency intersecting the real axis 

(Z’) represents the ohmic resistance (Rs) of the polymer electrolyte. Their ohmic resistances were 

estimated to be 0.3, 0.25, 0.9, and 2  for the PVA/H2SO4 solution, hydrogel-polymer electrolytes with 

1, 2.5, and 5 wt.% of HEC, respectively. The lowest ohmic resistance indicates the most rapid ionic 

transport which is contributed from the O-H groups throughout the chain of HEC in the hydrogel-

polymer electrolyte with 1 wt.% of HEC. This finding is consistent with the broadest peak of O-H 

stretching of the FTIR spectra as discussed before. The increase of the resistance with increasing the 

concentration of HEC implies that the free-volume of the electrolyte to transport ions becomes less. 

This is supported by narrow peaks of O-H stretching of the hydrogel-polymer electrolytes with 2.5 and 

5 wt.% of HEC.  
 

 
 

Figure 2.  AC impedance spectra of the PVA/H2SO4 solution (a) and the hydrogel-polymer 

electrolytes with 1 (b), 2.5 (c), and 5 wt.% (d) of HEC.  

 

Figure 3 shows the cyclic voltammetries (CVs) of the supercapacitors at the scan rate of 10 

mV/s. The specific capacitance was obtained by calculating the charge under the curves along the 

voltage applied as given by Eqs. (1) and (2): 
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                                (1) 

                                                       (2)                                                                    

where Ccell is the capacitance (F), I is the charging/discharging current (A), V is the potential 

range (V), vs is the scan rate, Cs is the specific capacitance (F/g), and m is the mass of active material 

of the electrode. 

The specific capacitances were 120, 160, 50 and 40 F/g for the supercapacitors employing the 

PVA/H2SO4 solution, hydrogel-polymer electrolytes with 1, 2.5, and 5 wt.% of HEC, respectively. The 

highest capacitance of the supercapacitor using the hydrogel polymer electrolyte with 1 wt.% of HEC 

corresponds with the lowest ohmic resistance of the electrolyte. As previously discussed, the lowest 

ohmic resistance of the electrolyte is due to the most rapid ionic transport contributed from the O-H 

groups throughout the chain of HEC in the electrolyte. By increasing the concentration of HEC in the 

hydrogel-polymer electrolyte, the specific capacitance decreases.  Following the argument of Ref. 10, 

the decreased ionic conductivity could be due to the less free-volume of the hydrogel-polymer 

electrolytes with 2.5 and 5 wt.% of HEC.  

 

 
 

Figure 3.  Cyclic voltammograms of the supercapacitors using PVA/H2SO4 solution (a), hydrogel-

polymer electrolytes with 1 (b), 2.5 (c), and 5 wt.% (d) of HEC. 

 

 

 

4. CONCLUSIONS 

A hydrogel-polymer electrolyte based on polyvinyl alcohol (PVA) with the addition of 

hydroxyethylcellulose (HEC) has been produced and characterized. The FTIR spectra have 

demonstrated that HEC and PVA/H2SO4 chains existed in the hydrogel-polymer electrolytes. The 

highest ionic conductivity has been shown by the hydrogel-polymer electrolyte with 1 wt.% of HEC as 
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confirmed by its AC impedance spectrum. From the cyclic voltammetry, it has been found that the 

supercapacitor using the hydrogel-polymer electrolyte with 1 wt.% of HEC has the highest capacitance 

of 160 F/g.  
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