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Potassium Hydroxide Doped With (Poly(Methyl 
Methacrylate) (PMMA) Polymer as Electrolyte 
for Electrolytic Double layer Supercapacitor 
(EDLC) Application 

Ibrahim Zakariya’u ⃰ and Abubakar A. Sifawa 

The prime objective of the present paper is to develop polymer electrolyte 
doped with salt. A solution cast technique was adopted to develop a solid 
polymer electrolyte of polymer (Poly (methyl methacrylate) (PMMA) as host 
polymer and salt potassium hydroxide, KOH as dopant. Incorporation of salt 
increases the amophosity and homogeneity, decreases the surface roughness. 
Moreover, doping of salt (KOH) increases the overall conductivity of polymer 
electrolyte film. Electrochemical impedance spectroscopy (EIS) reveals the 
enhancement in conductivity (4 orders of magnitude) by salt doping. FTIR 
shows the complexation and composite nature of films. Polarized optical 
microscopy (POM) shows reduction in crystallinity which is further confirmed by 
Differential scanning calorimetry (DSC). Fabricated electrochemical double-
layer supercapacitor using maximum conducting polymer salt electrolyte and 
symmetric carbon nanotubes electrodes shows specific capacitance of 21.86. 

Keywords:   Polymer electrolyte, conductivity, DSC, FTIR. 

1. Introduction 

In the 20th century, most of the polymers have 
been used as structural materials or electric 
insulators. In the past 20 years these polymers 
have been tailored to ion conductor, when 
combined with some inorganic or organic salts 
their ionic conductivity can be up to the mark 
used as an electrolyte[1]. So, polymer electrolyte 
are basically the alkali salt dissolved in polymer. 

The ionic solids which have high conductivity at 
room temperature are known as solid electrolyte. 
The conduction is due to the movement of ions 
through voids, or empty crystallographic 
positions, in their crystal lattice structure. The 
cation or anion of the structure must be free to 
move in the structure as charge carrier. The 
drawbacks of liquid electrolyte lead to the 
polymer electrolyte, although the liquid 
electrolyte has high conductivity and 
electrochemical performance for Edlc 
Application. But there are still lot of drawbacks in 
liquid electrolyte like leakage, volatile nature and 
flammable organic solvent, difficulty in 
fabrication and corrosion [2-3]. Polymer 
electrolytes exhibits the advanced features 
which overcomes the counterparts of liquid 
electrolyte like light weight, low volatility, 
leakage-free, mechanically stable, flexible 

geometry and good compatibility with 
electrodes[4-5]. 

Many polymers have been studied and reported 
in polymer electrolytes like poly (ethylene oxide) 
PEO[6-8], poly (acrylonitrile) (PAN)[9-10], poly 
(vinylidenefluoride) (PVDF)[11-13], 
Biodegradable natural polymers such as 
chitosan [14-16], starch [17-18], cellulose [19-
20], and natural rubber [21-23] have also been 
extensively studied. 

Poly(methyl methacrylate) (PMMA), is one of the 
most thermoplastic polymer used in various 
applications in nanotechnology, photovoltaics, 
sensors, batteries, actuators to named few[24]. 
The polymer PMMA commercially known as 
Plexiglas, acrylate or Perspex and due to its 
physical and mechanical properties, high 
young’s modulus and hardness ratio, is one of 
the most popular thermoplastics [25]. 

In  past years researchers have reported a lot of 
work in polymer electrolyte like PMMA based 
polymer electrolyte using solvent EC-PC mixed  
with dopant LiBF4 salt[26], PVC-PMMA blend 
polymer electrolyte with different plasticizer’s 
which shows increase in mechanical and ionic 
conductivity[27], PAN-PMMA blend polymer 
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electrolyte with  LiClO4 salt[28], the host polymer 
PMMA containing different salt Li, Na, Mg, and 
Zn perchlorates and PC as plasticizers, the 
resistivity of PMMA based polymer electrolyte 
with a smaller cation is higher than that 
containing larger cation[29], the ionic 
conductivity of polymer electrolyte decrease on 
adding the polymer in electrolyte[30]. 

Our present research has focused on developing 
a PMMA polymer doped with salt KOH in order 
to enhance the ionic conductivity. 

2. Experimental Details 

2.1 Materials Used 

The polymer poly(methyl methacrylate) (PMMA), 
was purchased from Sigma Aldrich, USA while 
potassium hydroxide (KOH) and other solvents 
were purchased from Qualikems Fine Chem Pvt. 
Ltd.,Vadodara, India. 

2.2 Electrolyte Preparation 

The solution cast method was adopted to make 
polymer electrolyte film which produces a 
polymer film of varying thickness ranging from 
several micrometers up to several millimeters. 
Initially PMMA was dissolved in acetone and 
allowed to be mix uniformly for 2 hours. Now, in 
prepared solution a certain amount of salt KOH 
by varying its concentration added into a PMMA 
polymer solution. Again, allowed to be mix 
uniformly and was kept for whole night to make a 
homogenous viscous solution polymer-salt. At 
last finally, the prepared solution was kept for 
drying in polypropylene petri dishes at room 
temperature followed by vacuum drying to 
remove the remaining traces of solvent and 
detail conductivity, optical microscopy, FTIR and 
DSC measurement have been done of salt KOH 
doped PMMA electrolyte. 

3. Results and Discussion 

3.1 Conductivity Measurement 

The prepared polymer electrolyte film were 
characterized for ionic conductivity by using CH 
instrument workstation (model 604D, Austin, 
Texas, USA). The ionic conductivity was 
measured  using two stainless steel electrode 
and using the formula 

σ = 1/Rb. l/A 

where σ is ionic conductivity, Rb is bulk 
resistance, l is the thickness of the film and A is 
the area of a film covered by the electrode. 

Complex spectroscopy [31] has been used to 
calculate the room temperature ionic conductivity 
of pristine PMMA and KOH salt doped PMMA 
polymer electrolyte film. The calculated values of 
conductivity are plotted in Figure 1. From the 
conductivity plot, it is clear that the conductivity 
initially increases on adding of KOH into PMMA 
polymer matrix which is due to the number of 
mobile charge carriers’ enhancement as salt 
KOH composed of cation potassium K+ and 
anion hydroxide OH-. The conductivity (σ) at 30 
wt.% KOH into PMMA attains maximum 
conductivity (σ) value of 5.21 x 10-5 and then 
continuously decreases after 40 wt.% to 80 wt.% 
KOH which can be attributed to the formation of 
multiple charge carriers [32-33] 

 

Figure 1: Ionic conductivity vs wt% of salt in pure 

polymer film. 

3.2 Dielectric measurement 

The dielectric constant measurement further 
established a correlation with ionic conductivity 
data shown in Table 1 which was recorded at 
three different frequencies that is 104, 105, and 
106 Hz. At frequency range 104 Hz, the dielectric 
constant increases with increase in the salt KOH 
concentration and follow the same trend which 
we have recorded for conductivity data. At 40 
wt.% KOH, the dielectric constant starts 
continuously decreasing up to 80 wt.% KOH 
which is due to the formation of multiple charge 
carriers. At frequency range 105, and 106 Hz, the 
similar trend has been seen which follows the 
same conductivity trend shown in Figure 1. 

As it is well known that, increase in dielectric 
constant leads to the increase in ionic 
conductivity and decrease in the electronic 
conductivity. 

3.3 Optical Measurements 

Optical micrographs of the PMMA and KOH 
doped PMMA electrolyte films has been 
recorded by the use of polarized optical 



Potassium Hydroxide Doped With (Poly(Methyl Methacrylate) (PMMA) Polymer…       Full paper 

CaJoST, 2022, 1, 87-92 © 2022 Faculty of Science, Sokoto State University, Sokoto.|89 

 

microscope (POM) (Motic-model no. BA310 Pol, 
Carlsbad, California, USA) at 40x magnifications 
to see the effect of KOH salt doping on polymer 
films. 

The optical micrograph of pure PMMA and KOH 
doped PMMA electrolyte films are shown in 
Figure 2. Figure 2 (a) is the micrograph of pure 
PMMA film which exhibit the dense morphology 
which is a interpretation of mostly crystalline 
nature of a electrolyte film. On the other side, the 
micrographs of KOH doped PMMA polymer 
electrolyte in Figure 2 (b) reveals the reduction in 
crystallinity nature of electrolyte film with a dark 
region which indicates the amorphous nature of 
a film shown in it. It is well known that, the 
amorphous nature of a material always be a 
favorable condition for a material to be an ionic 
conductive. The amorphous region of a film is a 
positive sign validate our conductivity graph. 

Table 1: Dielectric constant vs. wt.% of KOH at 
different frequencies in PMMA polymer 
electrolyte. 

 

3.4 FTIR studies 

The FTIR studies were performed using a CARY 
630 (Agilent Technologies, USA) 
spectrophotometer to investigate the salt KOH-
PMMA interaction. FTIR has been used for 
elucidation of structural information. Additionally, 
it shed light on intensity, position, and shape of 
vibrational bands followed by changes in 
polymer at molecular level.  Figure 3 depicts the 
FTIR spectra of (a) pure PMMA, (b) 30 % KOH 
doped in PMMA, and (c) Pure KOH. The 
associated functional groups are tabulated in 
Table 2. It is noticed that the FTIR spectra of 
KOH doped PMMA contains all the peaks which 
is associated with pure PMMA and pure KOH 
with a slightly change in the intensity of the 
peaks, affirms the composite nature of polymer 
electrolyte film. 

 

 

(a) 

 

(b) 

  

Figure 2: POM of (a) pure PMMA matrix and (b) 

maximum conductivity KOH doped film at 
magnification 10x. 

Table 2: Vibrational mode in PMMA 

 

Modes of vibration Wave number 

-CH stretching 2951 
C=O stretching 1726 
CH3 stretching 1439 
-OCH3 stretching 1149 
C-H stretch 2925 
C=O stretch 1622 
C-O stretch 1391 
C-H stretch 1369 

 

 

Figure 3:  FTIR spectra of (a) pure PMMA, (b) 30 wt% 

KOH doped PMMA, and (c) pure KOH 

Wt% 
of IL 

104 Hz 105 Hz 106 Hz 

0 9.34805 8.67497 55.29351 
10 115.51 4701.98 17223.44 

20 851.66 8708.73 65204.72 

30 4920.9 66891.97 342354.92 

40 653.58 7346.84 28833.65 

60 26.74 668.92 15484.21 

80 13.1 196.05 8239.59 
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3.5 Thermal Analysis 

The thermal properties of PMMA and optimized 
30 wt.% KOH doped PMMA were characterized 
by Differential Scanning Calorimetric (DSC). The 
prediction towards the glass transition 
temperature (Tg) for pure PMMA and KOH 
doped PMMA illustrated with black and red color 
respectively in Figure 4.  The pure PMMA 
exhibits the glass transition temperature (g-

=85oC) due to the tautness in the polymer chain. 
An ongoing enhancement in Tg is observed 
when potassium hydroxide is added, showing 
the effect in glass transition temperature 
(Tg=95oC) which is higher than that observed in 
pure PMMA. The Tg of KOH doped PMMA is 
significantly improved than that of a pure PMMA 
polymer film. 

 

Figure 4: Deferential scanning calorimetry (DSC) 

curve of pure PMMA, and 30 wt% KOH doped PMMA. 

4. Conclusion 

This research work reports a new solid polymer 

electrolyte applicable in the EDLC application. 

Solid polymer electrolyte films of PMMA doped 

with KOH were prepared using solution cast 

technique. Complex impedance spectroscopy 

reveals the enhancement in ionic (σ) of PMMA þ 

KOH system by doping with KOH and 

conductivity maxima were observed at 30 wt% 

KOH concentrations. Dielectric data also support 

our conductivity data. FTIR confirms the 

composite nature as well as the interaction 

between polymer backbone and salt. Doping salt 

further assisted in crystallinity suppression 

(enhances in amorphicity) as observed in DSC. 

Laboratory–scale EDLC has been fabricated 

using maximum conducting PMMA 30%wt%KOH 

and r-GO-based electrodes, which shows high 

Csp of approximately 20. 
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