
www.jespublication.com Page No:473 

Vol 11, Issue 5,May/ 2020 

ISSN NO: 0377-9254                                  

  

 

 
  
  

  

Effect of TiO2 dipping time on TiO2/MWNTs nanocomposites 

thin film electrode for Supercapacitor application 
H. B. Gajarea, P. R. Nikama and V. R. Khadsea 

aDepartment of physics, School of Physical Sciences, M. J. College,  

Jalgaon-425001, Dist-Jalgaon , (M.S.), India 

*Corresponding Author: ahbgajare@yahoo.co.in 

 

Abstract 

We reported the supercapacitor synthesis 

technology using low cost chemical route. The 

synthesis of  porous network of TiO2/MWNTs 

nanocomposites  thin film electrodes with 

combination of  via a dip and dry method and  

chemical  bath deposition  method, where 

TiO2/MWNTs nanocomposites electrode  by 

varying the dipping time of TiO2  onto MWNTs. 

X-ray diffraction (XRD) is used to characterize the 

nanocomposites, while scanning electron 

microscopy (SEM) is used to investigate their 

morphologies. Cyclic voltammetry (CV) is used to 

study electrochemical activities and 

pseudocapacitive properties of the nanocomposites. 

Such outcome can give new vision to construct 

solid-state  electrochemical storage device using 

simple and low cost method with potential ability 

towards roll-to-roll technology for 

commercialization.   

Keywords: Multiwalled carbon nanotubes 

(MWNTs), Supercapacitor, cyclic voltammetry, etc. 

1. Introduction 

Energy is essential for human growth. Energy 

consumption and production, which depend on 

combustion of fossil fuels, is going to affect the 

global economy and ecology severely. So, there has 

been an increasing demand for environment-

friendly, high-performance renewable energy 

storage devices. Electrochemical energy is an 

unavoidable part of the clean energy portfolio. 

Batteries, supercapacitors (SCs) and fuel cells are 

unconventional energy devices working on the 

principle of electrochemical energy conversion. 

Electrostatic and electrolytic capacitors are 

considered the first and second generation 

capacitors. These early capacitors were developed 

for use as primary circuit elements in holding 

microfarad to pico- farad charges of direct current 

or to filter the frequencies for alternating current 

circuits. With the rapid developments in materials, 

the third generation known as the supercapacitor 

was invented by Becker at SOHIO in 1957, and 

intended to serve as an electrolytic capacitor for 

low voltage operation. The rapid growth of mobile 

electronics and alternative energy vehicles created 

a need for advanced electrochemical energy storage 

devices with high power capabilities. This need led 

to substantial research and development of 

supercapacitors. A typical double-layer capacitor 

which consists of the positive electrode, an 

accumulation of positive charges attracts an equal 

number of negative charges around the electrode in 

the electrolyte side due to Coulomb’s force. 

However, due to heat fluctuation in the electrolyte, 

the charges carried by the ions have a scattering 

distribution, leading to some net negative charges 

in the electrolyte zone near the electrode. The 

charge balance between the electrode and the 

electrolyte represents an electric double layer. 

Electrochemical supercapacitors (ESs) differ from 

traditional capacitors because they have lower 

power densities, greater charge storage densities, 

and different material requirements. Electrical 

double-layer capacitors (EDLCs) incorporate an 

electrolyte that allows charged ions to assemble on 

porous electrode surfaces with much higher areas 

than traditional capacitors. The charge is separated 

by a solvent cage layer at the interface of only 5 to 

10 angstroms [1, 4]. A combination of high surface 

area and small charge separation enables the 

generation of high energy density compared to 

traditional static capacitors. Supercapacitors can be 

made from different materials, depending on the 

type of energy storage required by the applications. 

A significant number of materials are presently 

available for supercapacitors; the major 

commercial material is carbon [5,6], Metal oxides 

[7,11], Conducting polymers [12,13], Optimizing 

supercapacitor design involves the selection of 

appropriate electrodes, electrolytes, separators, and 

sealants. Electrode materials must be conductive 

and highly porous to increase charge storage 

ability. Non-metal porous electrodes are used in 
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supercapacitor  rather than the metal plates of 

traditional capacitors; this creates a need for current 

collector plates to enhance the conduction of 

electrons in the capacitor. Collectors must be in 

strong contact with the electrode layer, remain 

stable during charge and discharge, and be highly 

conductive to enhance electron transport.  

Electrolyte materials require high ion mobility to 

provide ions to the double layer quickly.  Chemical 

bath deposition (CBD) is a low temperature 

technique that allows for relatively inexpensive 

deposition of material on large-area substrates .The 

CBD method involves the direct deposition of a 

material from a solution medium without the 

application of current or voltage. CBD occurs on a 

substrate immersed in a solution by means of a 

reaction from the solution containing different 

precursors dissolved either in ionic or molecular 

form. These react chemically on the substrate, 

resulting in film formation by nucleation.  

In this report, attention has been focused on: (i) 

Preparation of MWNTs solution (ii) Functionalized 

the MWNTs (iii) Deposition of MWNTs thin film  

on stainless steel electrodes via a simple dip and 

dry method at room temperature (iv) the synthesis 

of TiO2 nanoparticles on SS and MWNTs/SS 

substrates using a simple and low-cost chemical 

bath deposition (CBD) (v) comparative studies of 

different deposition time of TiO2 onto MWNTs/SS 

substrates . 

2 Experimental details 

2.1 Coating of MWNTs  thin film on SS 

substrate 

Carbon nanotubes (MWNTs) (>95% purity, outer 

diameter from 15 to 20 nm and length from 5 to 15 

µm) were purchased from Nano Amor (Housten, 

TX). These MWNTs were refluxed in H2O2 at 60 

for 48 h to remove amorphous carbon derivatives 

and to generate oxygenated functional groups. The 

oxidized MWNTs are thoroughly washed with 

double distilled water and then dried in oven at 90 

C for 12 h. The 0.125 g of oxidized MWNTs were 

sonicated in TritonX-100 and in 25 ml double 

distilled water (1:100, Tx-100: water) for 1 h to 

obtain stable dispersion. Well cleaned stainless 

steel substrates were dipped in MWNTs solution 

for 10 min. The MWNTs gets adsorbed on the 

surface of stainless-steel substrate (SS). This 

process was repeated by 6–7 times to deposit 

MWNTs onto SS substrate. Further these MWNTs 

coated stainless steel substrate were dried under IR 

lamps to evaporate the solvents and to make it 

ready for  

further deposition of TiO2 

2.2 Coating of TiO2 nanoparticles on 

MWNTs/SS substrate 

The TiO2 nanodots were coated on pre-deposited 

MWNTs by chemical bath deposition (CBD) 

method. The solution of TiOSO4 (100 mM) was 

prepared in double distilled water, and the 

complexing agent H2O2 was added to maintain the 

pH~2. MWNTs coated SS substrates were dipped 

in this solution at different times  such as 2 ,3,4,5 

and 6 hours. The solution was kept at room 

temperature (300 K) where the solution color was 

red. After few minutes, the yellowish precipitation 

was started in the bath. During precipitation, a 

heterogeneous reaction occurred and titanium oxy-

hydroxide nanodots were deposited on the MWNTs 

coated substrates. The substrates coated with 

nanodots were removed after 4 h from the bath, 

rinsed with double distilled water, dried in air and 

preserved in air tight desiccators. The films were 

annealed at 723 K for 2 h in order to remove oxy-

hydroxide phase to pure oxide and to improve the 

crystallinity of deposited films. The optimized 

parameters for deposition of MWNTs films onto 

stainless steel and subsequently TiO2 onto as 

prepared MWNTs films feasible for supercapacitor 

application are listed in Table 1 [15] , 
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Table: 1: Optimized preparative parameters for 

the synthesis of MWNTs and TiO2/MWNTs thin 

films 

 

2.3 Characterization techniques 

The amount of TiO2 loaded on MWNTs was 

measured by commonly used weight difference 

method using a sensitive microbalance. The 

structure of the prepared samples was characterized 

by X-ray diffraction (XRD; RIGAKU RINT 2000  

model) with Cu Ka radiation (l = 1.5406 Å) with an 

diffraction angle 2  between  20 °and 80°. Surface 

morphologies of TiO2/MWNTs films were 

examined by using field emission scanning electron 

microscopy (FE-SEM, Model: Hitachi S 4800) 

attached with an energy dispersive X-ray analysis 

(EDAX) to measure the sample composition. 

Transmission electron microscopy (TEM) and High 

resolution TEM (HRTEM) were carried out by 

using PHILIPS CM200.  Electrochemical 

measurements were conducted in a three electrode 

cell which consist of a 25 ml beaker equipped with 

a reference electrode (V, vs,Ag/AgCl), counter 

electrode (platinum), and a working electrode 

(TiO2/MWNTs thin film) using potensiostat 

(Gamry Instrument PWR600).  

2.4 Electrochemical study  

Cyclic voltammetry (CV)  study was performed to 

investigate supercapacitive performance of 

TiO2/MWNTs electrodes varying   chemical bath 

deposition time in 1M of H2SO4 electrolyte 

solution within a potential window of 0 to + 0.9 V 

(V,vs, Ag/AgCl) as shown in fig. 1. 

The specific capacitance of the samples was 

estimated from the integrated charge from the CV 

data using the equation.  
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    Where, Cs is the specific capacitance (F.g-1), v is 

the potential scan rate (mVs-1), (Vc -Va) is the 

potential range (0 to 0.9 V (V, vs,Ag/AgCl) and Im 

denotes the response current (mAcm-2) based on 

the mass of the TiO2 /MWNTs material. 

 

Fig. 1 Cyclic Voltammetry setup 

3. Results and discussion 

3.1. Structural and compositional analysis  

XRD patterns of the bare steel, MWNTs, and 

TiO2/MWNTs nanocomposite thin films are shown 

in Fig.2. The XRD pattern of bare steel  or stainless 

steel (SS) is shown as a reference.The 

characteristic graphitic (00 2) peak of the MWNTs 
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at 25.8 ° was clearly observed in MWNTs thin 

films . The reflection along (101) obtained at 

24.42° is characteristic peak for anatase phase of 

TiO2 nanodots (JCPDS 01-1047). The low intensity 

diffraction peak indicates that the TiO2 coated onto 

the MWNTs has a nanocrystalline nature [15]. This 

phase is feasible for supercapacitor application 

because the protons can easily permeate through 

the bulk of the TiO2 material, and the entire 

electrode can be used for energy storage. 

Moreover, the peaks obtained at 43.66 °, 50.32°, 

64.30° and 74.46° result from the contribution of 

the stainless steel substrate and are marked with 

triangle. Since the stainless steel and TiO2 peak 

intensities are much higher than MWNTs, detection 

of carbon is not possible by using XRD analysis of 

the TiO2/MWNTs composite film. There were no 

other contamination or impurity peaks observed in 

XRD analysis.  
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Fig.2 XRD pattern of (a) SS (b) MWNTs (c) 

TiO2/MWNTs 

3.2. Surface morphological analysis  

Fig.3 presents FESEM images of MWNTs at two 

(200 nm and 100nm) different magnifications and 

TiO2/MWNTs nanocomposites thin films at two 

(50 nm) magnifications. No aggregation and 

alignment of bundles of  MWNTs due to van der 

Waals interactions is observed as seen from Fig.3(a 

and b). No aggregation of TiO2 was observed in the 

porous area between MWNTs network. However 

from Fig. 3(c), the films exhibit uniform coating of 

TiO2/MWNT nanocomposite on substrate surface 

with rough surface. The outside surface of the 

MWNTs is uniformly spotted with TiO2 nanodots 

(less than 10 nm) indicating that the nucleation 

occurs predominantly on the exterior surfaces of 

the MWNTs [15]. 

 

Fig.3 presents FESEM images of (a and b) 

MWNTs at different magnifications (c) 

TiO2/MWNTs nanocomposites thin films 

3.3. Supercapacitive studies   

Fig.4 shows the typical CV of  TiO2/MWNTs thin 

film electrodes prepared with different dipping 

time during chemical bath deposition at the scan 

rate of 50 mV s-1. All the curves have redox peaks 

and non-rectangular nature of CV curves indicate 

deviation from ideal behaviour and considerable 

contribution of pseudocapacitance to the total 

specific capacitance which indicates capacitive 

behaviour. The values of supercapacitance 

calculated from the CVs are 98, 142, 158, 44, and 

20 Fg-1 for 2, 3, 4, 5 and 6 h dipping time, 

respectively. Inset of Fig.4. (a) shows CV of bare 

MWNTs/SS in 1 M H2SO4 solution at the scan rate 

of 50 mV s-1 as reference which shows the 

capacitance value of 40 Fg-1. It is clear from fig. 5  

that as dipping time increases up to 4 h, the 

supercapacitance of TiO2/MWNTs thin film 

electrode increases from 40 to 158 Fg-1. Further 

increase in dipping time decreases the 

supercapacitance. The specific capacitance of 

TiO2/MWNTs thin films were estimated according 

to the equation. Initial increase in specific 
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capacitance with increase in deposition time is due 

to fact that it takes 4 h of deposition time for just 

covering whole outer surface of MWNTs. With 

further increase in deposition time, the specific 

capacitance gets decreased. This decrease in 

specific capacitance with respect to the increase in 

the further deposition time of TiO2 may be due to 

the higher dead volume of TiO2, high equivalent 

series resistance (ESR) for heavier deposits, and 

ineffective ionic transportation due to the 

destruction of the 3-dimensional network structure, 

which is result of the reduced pore size, pore 

clogging or decrease in the porosity. The decrease 

in the porosity of TiO2/MWNTs thin film electrode 

reduces the surface area of the electrode.   

 

Fig.4. CV of TiO2/MWNTs thin films at 

different dipping time. Inset shows CV of 

MWNTs at the scan rate 50 mVs-1 

The data indicated that the rougher the TiO2 

deposited on the MWNTs, the higher 

supercapacitance can be achieved. However,  

according  to  this  study, surface morphology is 

considered to be the most important factor that 

governs  the  supercapacitance  of  the 

TiO2/MWNTs thin film electrode . This may be 

due to porous nature and nanocrystalline nature of 

the TiO2/MWNTs thin film electrode. Hence, the 

super capacitive properties of TiO2/MWNTs thin 

film electrode could tested only for dipping time of 

4 h.  

 

Fig.5 Variation of specific capacitance with 

dipping time 

4. Conclusions  

In conclusion we described of  porous network 

TiO2/MWNTs nanocomposites  thin film electrodes 

with combination of  via a dip and dry method and  

chemical  bath deposition  method and applied 

them as electrochemical capacitive electrodes. The 

values of supercapacitance calculated from th 

cyclic voltammetery curves  CVs for 2, 3, 4, 5 and 

6 h dipping time  are 98, 142, 158, 44, and 20 Fg-1, 

respectively .The cyclic voltammetery study shows 

at 4 h dipping time of TiO2 onto the MWNTs in 1 

M H2SO4 electrolyte gave the largest specific 

capacitance than the other dipping times .Thus, 

these encouraging results of cyclic voltammetry 

suggest that the TiO2/MWNTs nanocomposites can 

serve as promising electrode materials in 1M 

H2SO4 electrolyte for high performance 

supercapacitors. 
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