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ABSTRACT: 

The evolution of portable electronics devices such as smartphone, notebook and 
tablet required a portable powering sources such as battery. Solid Polymer 
Electrolytes (SPEs) has been prepared due to its potential to replace current 
battery technology, which is liquid electrolytes (LE) that are harmful when 
leaking and give problems with the devices. Sodium ion (Na+) based Solid 
Polymer Electrolyte (SPEs) aims to propose a new biodegradable, safe and low 
cost mainly from Methylcellulose (MC) as host. The different percent of 
Potassium Hydroxide (KOH) and Polyethylene glycol (PEG) was added to 
enhance the performance of the membrane. The study was conducted by using 
the casting method as it is the most appropriate technique due to its ease and 
low cost. The results from Electrical Impedance Spectroscopy (EIS) technique 
shows a highest conductivity of 1.62E-04Sm-1 when methylcellulose (MC) as 
host, potassium hydroxide (KOH) as doping and polyethylene glycol (PEG) as 
plasticizer. Thus, it can conclude that the combination of MC, KOH and PEG have 
the potential to be starting point on developing polymer electrolyte (PE) and to 
be used as solid polymer electrolyte (SPE). 

1. INTRODUCTION 

In present days, the use of technology like cell phones, notebook 
and tablet has become an important necessity in everyday life. 
All these gadgets required the portable powering sources to be 
function. Looking at the diversity of energy demands, major 
research efforts have presently been focused on developing 
materials for rechargeable batteries. SPEs have been developed 
to overcome drawbacks of LE such as leak prone, corrosive, and 
can have hazardous effects to the environment.  

Besides, low cost batteries are required in order to 
advance towards smart electric grids that integrate 
discontinuous energy flow from renewable sources, optimizing 
the performance of clean energy sources. Na-ion batteries can 
be the key for this point, because of the huge availability of 
sodium, its low price and the similarity of both Li and Na 

insertion chemistries. As shown in table 1, the price of Na is 
lower than Li and in terms of ion volume the value is double or 
larger than lithium and an atomic weight that is three times 
larger. 

Characteristics Na Li 

Ratio of reserves 1000 1 

Cost (for carbonate) $150/t $5000/t 

Atomic weight 23g/mol 6.9g/mol 

Ionic volume 4.44Å3 1.84Å3 

Theoretical capacity 1165mAh/g 3829mAh/g 

Normal electrode 
potential vs. SHE 

-2.714V -3.045V 
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Table 1: Comparison of characteristics  between lithium and  

sodium[1] 

Other than that, in producing the Sodium ion (Na+) 
based Solid Polymer Electrolyte (SPEs), the polymer 
electrolytes can be obtained from natural polymers. For 
example the natural polymers such as starch and cellulose 
derivatives like methylcellulose (MC), hydroxypropyl 
methylcellulose (HPMC), hydroxyethyl cellulose (HEC) and 
carboxymethylcellulose (CMC) have attracted attention in 
current times because of their superior mechanical and 
electrical properties.[2] 

An amorphous polymer of methyl cellulose (MC), is 
used in this study because methyl cellulose is easily available, 
low cost and easy to process. Due to the presence of lone pair 
electrons on the oxygen that allow MC to act as a host for ionic 
conduction. By dissolving a salt in a polymer host, it will form 
polymer electrolytes with improved ionic conductivity[3]. 
Potassium Hydroxide (KOH) will be used in this study to 
enhance the ionic conductivity of membranes. Polyethylene 
glycol (PEG), which is almost identical to PE0 in its chemical 
structure, has been used as a plasticizer because PEG give a 
decrease in crystallinity and increase in mobility of the salt in 
the electrolyte, miscibility with the amorphous PEO-salt 
complex, and low volatility. [4] 

2. MATERIAL AND METHODS 

Methylcellulose used as membrane material was supplied by 
Sigma-Aldrich. Potassium Hydroxide (KOH) and Polyethylene 
Glycol (PEG) was obtained from Merck. The SPEs were 
synthesized using simple solution casting technique. The 
solution of MC was prepared with different weights and the 
conductivity of MC was analysed first by using EIS Autolab 
PGSTAT128N. Different weight of MC was stirred for 24 hrs as 
shown in table 2 to find the highest ionic conductivity. 

Weight of MC 
(g) 0.8 1.0 1.2 1.4 1.6 1.8 2.0 

Table 2: Sample preparations of MC 

 Then, the highest conductivity of MC will be added 
with different percentage of KOH as tabulated in table 3.  

Percentage 
of KOH (%) 

11 27 43 50 53 56 

Percentage 
of PEG (%) 

6 16 24 33 38 43 

Table 3: Sample Preparation of KOH and PEG 

There were 6 different percentage of KOH 
(11%,27%,43%,50%,53%,56%) has been added to the MC 
solution to find the best conductivity and to be added in 
different percentage of PEGs. The percentage of PEGs used have 
been shown in table 3. The mixture was casted and dried at 
room temperature. The evaluation of physical characteristics of 
SPEs were evaluated for conductivity, water uptake and 
swelling rate. The conductivity, water uptake and swelling rate 
were calculated as equation (1), (2) and (3) respectively.  

Conductivity, σ =  (1) 

Where d is the thickness of the sample, Rb is the bulk resistance 
and A is the contacted area of the sample. 

Water Uptake =  (2) 

Where . 𝑑𝑟.  was the initial weight of SPEs, � � � �  was the final 
weight of SPEs after soaked in water after 24hours. 

Swelling rate= (3) 

Where 𝐷𝑖 was the initial dimension of SPEs after soaked in 
water after 24 hours, 𝐷𝑓 was the final dimension of SPEs after 
heated in vacuum oven for 48 hours.  

3. RESULTS AND DISCUSSION

Figure 1 illustrated the ionic conductivity of pure MC 
samples. Pure MC shows the lowest conductivity for 1g to 2g. 
The highest conductivity was obtained at 0.8MC with value 
7.49E-08Sm-1. These shows that the less weight of MC got the 
highest conductivity. So, this weight of MC will be added with 
different loading of KOH and PEG. 
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Figure 1: Conductivity value for pure MC at room temperature 

Figure 2 indicates the ionic conductivity of pure MC 
sample and MC-KOH samples. It can also be observed that the 
ionic conductivity increases sharply with addition of 50 
wt.%KOH that give 1.52E-04Sm-1. This increment of ionic 
conductivity is believed due to the increasing number of mobile 
ions in the polymer-salt system. But the ionic conductivity 
decreases slowly from 53-56 wt.%. The decrease in conductivity 
becomes slower on further addition of KOH. Above 50 wt.% 
KOH, the sample becomes mechanically unstable and it is 
difficult to measure the conductivity. It can be proven also based 
to the result of Hazwani, 2010 [5], the ionic conductivity 
increase with dopant salt (KOH).  

Figure 2: Conductivity value for MC and different loading of KOH 
at room temperature. 

The ionic conductivity of MC-KOH-PEG sample was 
recorded as figure 3. The highest conductivity obtained for 
sample 0.8MC- 50%KOH- 38%PEG was at value 1.62E-04Sm-1. 
The addition of PEG had increased the ionic conductivity of the 
samples. Based on the previous study which using PEG as 
plasticizer in polymer electrolytes system, the result shows the 
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addition of PEG increase about 2.48 x 10-3Scm-1[6]. It obviously 
brings out the used of KOH as dopant salt and PEG as plasticizer 
is significantly increased the ionic conductivity with four 
magnitude order.  

 

Figure 3: Conductivity value for MC-KOH and different loading 
of PEG at room temperature 

The potential of thin film membrane had been 
examined by using water uptake for pure MC and different 
loadings of MC-KOH samples as described in figure 4. Three 
samples of MC-KOH have been taking to be examined. The figure 
indicates the highest water uptake is for pure MC (0.8g), 
followed by 0.8MC-50KOH. The lowest water uptake is for 
0.8MC-53KOH. The outcome clearly shows the addition, loading 
of KOH will decrease the water permeability. The MC polymer 
was interloped into the layer structure of KOH, resulting in a 
tortuous path for water conveyance. Thus, the water 
permeabilities of the MC-KOH are lower than that of pure MC.  

Figure 4: Water Uptake for MC-KOH 

Figure 5 shows the water uptake for MC-KOH-PEG samples. The 
result shows that the highest water uptake after the pure MC is 
the samples that contains 0.8MC-50%KOH-38%PEG. The value 
is about 28.3% compare with two others sample that yield 
lower results for water uptake test. This also shows that the 
highest conductivity after the addition of PEG, the water uptake 
for the sample is also have a great value. If the water uptake is 
too much it may cause the damage on the cathode of the 
membranes. 

Figure 5. Water uptake for MC-KOH-PEG 

The swelling degree in polymers can be determine via changes 
in linear dimensions. Most polymers swell by solvent including 
water absorption. Figure 6 shows the swelling test result for 
MC-KOH and MC-KOH-PEG samples. This test to ascertain the 
ability of the membrane to maintain the incoming heat. Based 
on the graph, the swelling rate for MC-50%KOH shows the best 
value which is 13.8%. However, with the addition of 38%PEG, 
the swelling rate value is at 25.6% which is more stable. The 
addition of KOH and PEG will increase the swelling rate 
resulting more dimensional change of SPEs. 

Figure 7: Swelling rate value for MC-KOH-PEG samples 

4. CONCLUSIONS 

The conductivity of SPEs based on Methylcellulose (MC) doped 
with Potassium Hydroxide (KOH) and plasticized with 
polyethylene glycol (PEG) have been prepared by casting 
technique. The study found the sample with loading 0.8MC-
50%KOH-38%PEG poses the best physical properties with the 
highest ionic conductivity value 1.62E-04Sm-1. The addition of 
plasticizer helped to increase the rate dissociation of the salt 
value which produced more free ions for conduction and hence 
increased the ionic conductivity. The 0.8MC-50%KOH-38%PEG 
SPEs have a good stability as the swelling rate have a great 
value. It can conclude that PEGs can become an excellent matrix 
for a solid polymer electrolyte when treated properly. 
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