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This research revealed the effect of adding up commercial polypyrrole (PPy) on morphology, 

molecular structure and electrochemical supercapacitor properties of multiwall carbon nanotubes 

(MWCNTs) film. The film was deposited through electrophoretic deposition (EPD) method. The 

method introduces an application of pyrocatechol violet (PV) act as a dispersant to disperse 

MWCNTs-PPy uniformly into deionised water. The uniform colloid was subjected to set direct 

current electric field to 20.7 V. The film was successfully deposited on anode electrode after 15 

minutes of EPD. The morphology assessment of the film magnified at 30k shows the distribution of 

agglomeration of irregular spherical structure on continuous structure similar to wire. FTIR analysis 

indicated the PPy characteristic peaks with C=C stretching vibration in pyrrole ring, =C-H in plane 

vibration band and C=C bending band were preserved in MWCNTs-PPy spectra. The SO3
- peak 

appeared in MWCNTs, PPy and composite spectra confirmed that PV adsorption happened on 

MWCNTs and PPy. The MWCNTs-PPy film has broad diffraction peak around 24°<2θ<28° revealing 

the deposited film contain mixture of crystalline and amorphous nature. The film potential function as 

supercapacitor was further investigated by cyclic voltammetry and galvanostatic charge-discharge 

cycling. From the analysis, the specific capacitance, energy density, power density and energy 

efficiency of MWCNTs film have enhanced with the presence of PPy. 

Keywords: dispersant; electrophoretic deposition; multiwall carbon nanotubes; polypyrrole; 

supercapacitor 

 

 

I. INTRODUCTION 

 
Supercapacitors are the electrochemical energy storage 

device that have diversified applications ranging from electric 

and hybrid vehicles (Burke et al., 2014), aerospace, oil drilling 

(Matheson, 2016), solar energy harvesting (Hurley, 2009) as 

well as in high-tech textile (Abdelkader et al., 2017). The 

electrodes materials are the key components that determine 

the supercapacitor’s performance and capacity such as high 

capacitance, high power density, low resistance, long cycle 

life, high efficiency and also high energy density. To date 

there have been variety of electrode materials candidates 

such as metal oxide (Wu et al., 2016), metal hydroxide (Li et 

al., 2013), conducting polymer (Eftekhari et al., 2017), 

carbon-based (Chen et al., 2017) and composite (Chauhan et 

al., 2017). 

Electrodes materials selection play a major role in 

supercapacitor performance and among issues addressed in 

this area is the preparation or fabrication of the electrodes 

itself. To date, several methods for preparing the in-situ 
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electrodes have been successfully established such as spin 

coating (Yadav & Kaur, 2016), chemical vapour deposition 

(CVD) (Dogru et al., 2016) and thermal oxidation (Zhu et al., 

2015). However, little attention has been paid to the 

preparation of composite film from MWCNTs and 

commercial conducting polymer using electrophoretic 

deposition (EPD) method, perhaps due to the difficulty in 

achieving efficient colloid dispersion. The strong Van der 

Waals forces between the tubes cause critical agglomeration 

of CNTs. Many researchers use surface modification by harsh 

acid on CNTs to tackle the issue (Kar & Choudhury, 2013; 

Park et. al., 2009; Rosca et al., 2005). Unfortunately, this 

treatment would cause severe defects on the side wall and 

shortening of CNTs length (Datsyuk et al., 2008). 

In recent years, the use of dispersants in promoting stable 

dispersion of CNTs is getting popular. Some of the proven 

dispersants are eriochrome cyanine R (Yeling et al., 2014), 

safranin (Shi & Zhitomirsky, 2013), methyl violet (Su & 

Zhitomirsky, 2013), aluminon (Ata et al., 2012) and many 

others. Dispersant is a substance added to a suspension, 

usually a colloid, to obstruct the particles from approaching 

the close distance which dominates by attractive forces and to 

prevent the agglomeration of the suspension. Furthermore, 

dispersant helps to weaken the Van der Waals attraction, 

produce electrostatic repulsive force, assist solvation and 

form a protective coat around the particle (Kissa, 1999). 

The approach described in this work is based on anodic 

EPD from MWCNTs-PPy suspensions in deionised water 

with the use of pyrocatechol violet (PV) as the dispersant. 

Efficient dispersion as well as EPD of MWCNTs-PPy was 

achievable using PV. By introducing PV as the dispersant, no 

acidic oxidation or other functionalisation techniques were 

used to disperse MWCNTs-PPy colloid efficiently. This 

approach was successfully preventing CNTs from 

degradation. The same dispersant was used for efficient 

dispersion of MWCNTs and PPy colloids before all the 

colloids were subjected to EPD. The deposited films acted as 

the control film. This research also reveals the influences of 

PPy on the morphology, molecular structure and 

electrochemical supercapacitor properties of MWCNTs 

prepared by EPD. 

 

 

II. MATERIALS AND METHOD 

 
MWCNTs (obtained from Hasrat Bestari Sdn. Bhd.) has mean 

outer diameter of 30-50 nm, length of 5-20 µm and purity 

more than 95 wt.%. PV was obtained from SIGMA meanwhile 

PPy with conductivity of 10-50 S cm-1 was obtained from 

ALDRICH. The   other   reagent,   hydrochloric   acid (HCl)  

with  purity 99.5 wt.% was ordered from EMPARTA. Fresh 

deionised water was supplied from Elga Water Deionizers 

machine. 

Three types of colloid were prepared which were MWCNTs, 

PPy and MWCNTs with PPy (MWCNTs-PPy). MWCNTs 

colloid were prepared by adding 0.2 g of as-received 

MWCNTs in 200 mL of the deionised water and sonicated for 

1 hour. Later, PV was added to the colloid as dispersant and 

the mixture was magnetically stirred for 1 hour. Then the 

mixture was sonicated for another 6 hours to obtain uniform 

and stable MWCNTs colloid. 

In order to prepare PPy colloid, 0.2 g of PPy was added to 

200 mL of deionised water and sonicated for 1 hour. Then, PV 

was added and the mixture was sonicated for 1hour to form 

PPy colloid. Meanwhile, the MWCNTs-PPy colloid was 

prepared by adding PPy to disperse MWCNTs colloid. 

However, to oxidise PPy, 30 wt.% of PPy with 1 mole of HCl 

need to be shaken for 30 minutes. The ex-situ PPy oxidation 

allows the oxidation to occur in sufficient time. The purpose 

of oxidation is to increase conductivity. After adding PPy, the 

mixture was sonicated for another 1 hour to obtain uniform 

and stable MWCNTs-PPy colloid. The wt.% of PPy with 

respect to the weight of MWCNTs. 
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Figure 1. Fabrication of MWCNTs film, PPy film and 

MWCNTs-PPy film by EPD. 
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The colloids were then subjected to EPD procedures to 

produce MWCNTs film, PPy film and MWCNTs-PPy film on 

the nickel foil. The nickel foil was used as electrode and the 

distance between the electrodes was set 1 cm. After several 

attempts to deposit all the film, the results of the best voltage 

and deposition time were 20.7 V and 15 minutes, respectively. 

From the observation, all the films were deposited at anode. 

An overall step is shown in Figure 1. 

The morphology and molecular structure of the films were 

studied using field emission scanning electron microscope 

(FESEM) and Fourier transform infrared spectroscopy 

(FTIR). Meanwhile, the structural analysis was performed 

using x-ray diffraction (XRD) to observe the state of 

deposited films. 

The electrochemical supercapacitor behaviours of the films 

were characterised using cyclic voltammetry (CV) and 

galvanostatic charge-discharge (CD) cycling. The potential 

window used was 0.45 V and the scan rate was 2 mV s-1. The 

electrochemical properties were conducted using three-

electrode cell. The reference electrode, counter electrode and 

working electrode were Ag/AgCl/KCl, platinum sheet and 

deposited films, respectively with a geometrical area of all 

electrodes were 1 cm2. All electrochemical measurements 

were carried out in a 6 M KOH electrolyte solution. 

The CV measurement was used to evaluate the specific 

capacitance, Cs by using Equation (1): 

 

  
 

I
C

s m S
=

    (1) 

 

where I is the average current area under the graph of cyclic 

voltammogram, m is the mass of the working electrode and S 

is the scan rate. Then, the energy density, E was calculated 

using Equation (2): 
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where V is the potential window. The CD measurement was 

used to evaluate the power density, P of the electrode by using 

Equation (3): 
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where E is the energy density and t is the discharge time in 

hours. Meanwhile to determine the energy efficiency, η, 

Equation (4) was used: 

 

η = 
energy from discharging

energy from charging
×100%  (4) 

 

III. RESULTS AND DISCUSSION 

 
PV is polyaromatic molecules as shown in Figure 2. PV 

containing a SO3
- group which is contributing to negative 

charge of PV. The adsorbed PV on MWCNTs will imparts a 

negative charge to MWCNTs. The adsorption is due to π-π 

interactions of the PV and MWCNTs (Wang et. al., 2013; 

Yeling et al., 2014). It provides dispersion and allowed anodic 

EPD. The suspension of MWCNTs, PPy and MWCNTs-PPy in 

DI without PV were unstable and showed fast sedimentation. 

The EPD for such suspensions was impossible. 
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Figure 2. Chemical structure of PV 

 
EPD by aid of PV produce smooth surface of MWCNTs film 

and MWCNTs-PPy film as shown in Figure 3. The films were 

magnified at 50. The dispersion and distribution of PPy in 

MWCNTs can be observed clearly at lower magnification. The 

dark area in Figure 3 (b) represents PPy. Although this study 

used DI as colloid medium, minimal pores created were 

observed created on the composite film. Generation of air 

bubbles due to hydrolysis of water lead to pore formation. 

This phenomenon was expected in EPD method using direct 

current. The micro-cracking also can be observed in white 

area on the composite film. It is believed due to self-

aggregation of MWCNTs in the present of PPy. 

 



ASM Science Journal, Volume 14, Special Issue 1, 2021 for  ICSTSS2018 

 

 

 

103 

 

 

Figure 3. FESEM images magnified at 50 of (a) MWCNTs 

film and (b) MWCNTs-PPy film. The circles and the arrow 

show the cracks and the pores, respectively. 

 
Figure 4 shows the morphology of all the films, magnified 

at 30 k. MWCNTs shows a continuous structure similar to 

wire which entangled to each other as shown in Fig. 4 (a). Fig. 

4 (b) shows the irregular spherical structure of pure PPy in 

agglomeration form. Meanwhile, Fig. 4 (c) shows the non-

uniform of PPy distribution on MWCNTs. This is probably 

due to the technique which adding commercial polymer, PPy, 

instead of adding monomer, Py during preparation of 

MWCNTs-PPy colloid. 

Figure 5 displays the FTIR spectra of all films. FTIR spectra 

of pristine MWCNTs supposedly do not exhibit any 

significant characteristic of organic or inorganic group 

(Cividanes et al., 2016). However, in this study, there are exist 

peaks at 1977 cm-1, 2030 cm-1 and 2159 cm-1. The peaks are 

maybe attributed to the remaining catalyst during the 

synthesis process. This characteristic peak is preserved in 

composite spectra. The adsorption peak at 1236 cm-1 is 

assigned to SO3
- (Wang et al., 2013). The peak also appeared 

in composite spectra at 1233 cm-1 and PPy spectra at 1235 cm-

1 which confirm PV adsorption on MWCNTs and PPy. In the 

case of PPy spectra, the peak at 1602 cm-1 is associated with 

the C=C stretching vibration in pyrrole ring (Han et al., 2014). 

The peak at 1496 cm-1 is assigned to =C-H in plane vibrations 

(Ruhi & Dhawan, 2014). The peak at 982 cm-1 is due to C=C 

bending band. 

 

 

 

Figure 4. FESEM images magnified at 30 k of (a) MWCNTs 

film, (b) PPy film and (c) MWCNTs-PPy film. The circles 

show the PPy particles. 

 
The composite spectra show the characteristic peak of both 

PPy and MWCNTs which proved that there were interactions 

between PPy and MWCNTs. It also confirms the presence of 

PPy in MWCNTs film as shown in FESEM analysis. From the 

spectra, it can be observed that there were shifts in all PPy 

characteristic peaks from higher to lower wavelength. 

Incorporation of PPy in MWCNTs results in shifting of the 

peaks which indicate the interaction of MWCNTs with 

different reaction sites of PPy (Imani et al., 2013). 

(a) 

(b) 

(a) 

(b) 

(c) 
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Figure 5. FTIR spectra of MWCNTs film, PPy film and 

MWCNTs-PPy film 

 
Figure 6 displays the XRD pattern for all films from 

10°<2θ<40°. The MWCNTs film show a broad and weak 

intense diffraction peak around 24°<2θ<27° which are 

assigned to (002) diffraction patterns of graphite (Atchudan 

et al., 2015). The broad peak revealing that the deposited film 

is not fully crystalline in nature. The PPy film also show broad 

peak around 24°<2θ<28° which is characteristic of 

amorphous PPy. The peak pattern is similar as reported in 

literature (Chougule et al., 2011). The peak is due to 

interplanar Van der Waals arrangement of the pyrrole-

pyrrole rings in PPy chains (Li et al., 2013). For composite 

film, the characteristics of both MWCNTs and PPy can be 

identified in the peak around 24°<2θ<28° which match the 

results discovered in FESEM and FTIR analysis. XRD pattern 

indicates that the deposited composite film contains mixture 

of crystalline and amorphous nature similar with its 

individual component. The noise show in XRD peak was 

contributed by amorphous polymer. 

 

 

Figure 6. XRD spectra of MWCNTs film, PPy film and 

MWCNTs-PPy film 

Figure 7 shows electrochemical changes on the film by 

applying potential from -0.25 V to 0.45 V at the scan rate 2 

mV s-1. The MWCNTs-PPy film shows the largest area of CV 

compared to the MWCNTs and PPy films. The larger CV area 

indicates higher capacitance. PPy is responsible in providing 

major contribution to the capacitance of MWCNTs. Obviously, 

the CV profiles of MWCNTs-PPy film was mainly from PPy 

addition since it followed the same behaviour as CV profiles 

of PPy film. 

 

 

Figure 7. CV profiles of MWCNTs film, PPy film and 

MWCNTs-PPy film at a scan rate of 2 mV s-1 in 6 M KOH 

solution 

 
The specific capacitance and the energy density for all films 

were calculated based on Figure 7 using Equation (1) and 

Equation (2), respectively. From the calculation, the 

MWCNTs-PPy film has the highest specific capacitance of 

25.87 F g-1 which implying to the highest energy density of 

2619.34 Wh kg-1. The measured properties were strongly 

contributed from the pseudo-capacitance due to 

electrochemical redox reaction by PPy at the electrode-

electrolyte interface. Figure 7 shows the redox reactions occur 

at 0.32 V and 0.19 V for both MWCNTs-PPy film and PPy film. 

From previous study (Ansari, 2009), the redox reaction is 

according to Equation (5): 

 

N

H n

+

A

N

H n

o

A+
+ e

- e

      (5) 

 

Figure 8 shows the one of the CD cycle for all films. The 

non-linear CD profiles for all films prove the presence of 
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redox reaction (Yu et al., 2014). The redox reaction in 

MWCNTs film might be from PV or nickel current collector 

contribution. No significant IR drop was observed in 

MWCNTs-PPy film which indicates low resistance film. 

MWCNTs-PPy film shows the fastest and shortest charge-

discharge process compared to MWCNTs and PPy films. 

According to Equation (3), this characteristic implying that 

MWCNTs-PPy film has the highest power density value which 

is 2619.34x103 W kg-1. 

 

 

Figure 8. CD profiles of MWCNTs film, PPy film and 

MWCNTs-PPy film at a current density of 1 mA cm-2 

 
Figure 9 shows the energy efficiency of MWCNTs, PPy and 

MWCNTs-PPy films from 200 CD cycles. Energy efficiency of 

MWCNTs film and PPy film show dramatically drop after 30 

cycles and 70 cycles respectively. After 90 cycles, energy 

efficiency of MWCNTs film starts to stable whereas PPy film 

continuously drops slowly. Meanwhile for MWCNTs-PPy film, 

its energy efficiency has remained constantly up to 100 cycles 

before slowly drops. This result suggests that the synergy 

between MWCNTs and PPy enhanced the stability and energy 

efficiency of the electrode under repeated CD cycles 

compared to the other films. By using Equation (4), 

MWCNTs-PPy film shows the highest energy efficiency which 

is 69.90 % although after completion of 100 cycles. 

 

 

Figure 9. Energy efficiency pattern of MWCNTs film, PPy 

film and MWCNTs-PPy film along 200 CD cycles 

 
Table 1 summarised all the calculated values which consist 

of capacitance, specific capacitance, energy density, power 

density and energy efficiency of all films. These values were 

obtained for half-cell configuration; hence it cannot be 

compared to Ragone plot, which stated values from full cell 

supercapacitor setup. Obviously, the composite film shows 

the best electrochemical supercapacitor properties compared 

to the individual films. The increment of all values was due to 

the present of PPy content in the MWCNTs film which 

contributed capacitance enhancement through redox 

reaction with KOH electrolyte. 

 

Table 1. The value of capacitance, specific capacitance, 

energy density, power density and energy efficiency for 

MWCNTs film, PPy film and MWCNTs-PPy film 

Properties MWCNTs PPy MWCNTs-

PPy 

Capacitance (F) 0.103 0.092 0.196 

Specific 

capacitance (F g-1) 

7.10 18.01 25.87 

Energy density 

(Wh kg-1) 

718.88 1823.51 2619.34 

Power density 

(W kg-1) 

56.88x103 67.75x103 2619.34x103 

Energy efficiency 

(%) 

65.20 67.50 69.90 
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IV. CONCLUSION 

 
A stable colloid of MWCNTs and PPy has been achieved prior 

to deposition using PV as dispersant in DI medium. The thin 

film MWCNTs-PPy has been successfully deposited on nickel 

foil using 20.7 V DC in 15 minutes. FESEM analyses show the 

presence of PPy on MWCNTs while FTIR analyses confirm 

the adsorption of PV on MWCNTs and PPy. The adsorption 

promoted efficient dispersion of MWCNTs and PPy 

throughout the EPD deposition process. XRD analysis 

revealed that the deposited films contain mixture of 

crystalline and amorphous nature. Most importantly, the CV-

CD analysis of MWCNTs-PPy demonstrates good 

performance supercapacitor electrodes. 
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