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Multiwall carbon nanotubes-polyaniline (MWCNTs-PANi) films were fabricated through
electrophoretic deposition (EPD) by using crystal violet (CV) and safranin (SAF) as the dispersant.
EPD was conducted in deionised water as a suspension medium. The analysis and comparison of the
experimental data for CV and SAF conveyed the influence of dyes in the deposition of MWCNTs-
PANi. It was discovered that CV and SAF both can be used as a dispersant for EPD of MWCNTs-
PANi via in-situ polymerisation. Both dyes were co-deposited on MWCNTs-PANi as it can be
observed through FESEM images supported by the FTIR result. Contrariwise, CV appears to co-
deposit dominantly compared to SAF. MWCNTSs-PANi electrodes were analysed with active mass
loading in the range of 7.0 - 7.4 mg cm™ of the nickel foil current collector for electrochemical
supercapacitor application. The highest specific capacitance achieved for CV was at 15.94 F g and
SAF was at 21.32 F g1, respectively. Meanwhile, charge-discharge curve analysis for MWCNTs-PANi
in CV and SAF as the dispersant were evaluated with power density of 12.26 x 104 W kg and 37.40
x 104 W kg, respectively. The organic dyes are the promising dispersant to deposit MWCNTs-PANi

composite materials. Nonetheless, the effect of organic dyes used must be taken into consideration

since it may influence the material ability to perform as a supercapacitor electrode.
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I. INTRODUCTION

Up to date, the use of carbon as electrode material for
supercapacitor is rising due to their cost-efficient and ability to
enhance supercapacitor performance (Hao et. al., 2017; Liu et.
al., 2017; Zhou et al.,, 2018). Carbon material has been
engineered to various type of structures such as porous carbon,
wire-like carbon, onion-like carbon and carbon nanotubes in
order to enhance supercapacitor performance (Liu et. al., 2017;
Shaibani et. al., 2017; Zhou et al., 2014, 2018). Strategies
include engineered carbon materials or by creating carbon
composite materials were commonly done by researchers
(Wang et al., 2016). One of the engineered carbon materials is
multiwall carbon nanotubes (MWCNTs). MWCNTs are
acclaimed to have a high aspect ratio which facilitates the

charging process while ions transport in the electrochemical
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process. MWCNTs as the supercapacitor electrode material
element used to associate with other related elements such
as polymer was done to produce powerful material in
providing more reliable supercapacitor electrode material.
Many types of conducting polymer (CP) found can be used
to create MWCNTs composite material in supercapacitor
application especially polypyrole and polyaniline (PANi)
(Dhibar & Das, 2014; Eising et. al., 2017; Guo et. al., 2015;
Online et. al, 2013; De Souza et. al, 2014; Su &
Zhitomirsky, 2015).

In order to develop a method in creating MWCNTSs-CP
composite, several studies showed, the use of organic dyes
efficiently fabricated MWCNTs-CP composite (Chen et. al.,
n.d.; Fahdil et. al, n.d.; Njuguna et. al.,, 2015; Su &
Zhitomirsky, 2013). Previous work had published that the
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use of safranin (SAF) and crystal violet (CV) as the organic dye
material used to fabricate MWCNTs-CP material. The approach
used to produce MWCNTs-CP material was done by using
electrophoretic deposition (EPD) method. SAF and CV are able
to disperse MWCNTs well in aqueous solution (Hasnida et al.,
2018). Furthermore, the use of organic dyes were the easiest,
reliable and effective way to create MWCNTSs-CP composite.
The used of SAF and CV as dispersant reagent have been
proven to disperse MWCNTSs in aqueous solution. However, the
effects of using both types of dyes in achieving good
supercapacitor properties remain as a gap to be studied. This
study focused on the effects of using organic dyes to fabricate
MWCNTSs-PANIi for supercapacitor electrode. The deposition of
MWCNTSs-PANi using SAF and CV were successfully done. The
chemical structure of SAF and CV were shown in Figure 1. Both

dispersants had cationic charged group.
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Figure 1. Structure of (a) crystal violet and (b) safranin

II1. FABRICATION OF ELECTRODES

SAF and CV used as MWCNTs dispersant in deionised water.
Both dye powders containing 15 weight % of MWCNTSs were
dispersed in deionised water and ultrasonically agitated for 7
hours. Aniline was added to the suspensions with 10 volume %
respectively to fabricate MWCNTSs-PANi composite. Since
aniline was used as monomer, in-situ polymerisation method
took place in order to polymerise the aniline. In-situ

polymerisation also allows MWCNTs-PANi to be fabricated
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simultaneously in the polymerisation process. The in-situ
polymerisation was conducted for 6 hours with titration of
aluminium persulphate (APS) at the earlier 30 minutes.
Nickel foil was used as a substrate to deposit the MWCNTs-
PANi composite. The film deposition preparation was
fabricated according to EPD general procedure. The

procedure of the electrodes fabrication was simplified in
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Figure 2. Framework of MWCNTs-PANi electrode
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After several attempts of EPD, the films were found

deposited at cathode using parameter as shown in Table 1.

Table 1. Optimum parameter for EPD of MWCNTSs-PANi
films using SAF and CV as dispersant

Parameters Value
Voltage (V) 8
Deposition time (minute) 10

III. RESULTS AND DISCUSSION

Figure 3 compares the microstructures of MWCNTs-PANi
deposited using CV and SAF as dispersant. The FESEM
images of MWCNTs-PANi showed agglomerates of dyes
particles with PANi. The agglomeration of dyes or PANi
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seems hard to be distinguished since the agglomeration of dyes
covered likely the whole part of MWCNTs-PANi especially in
CV. The size of agglomerates was about 40-50 nm for
MWCNTs-PANi in CV and 20-40 nm in SAF. This result
indicated the amount of SAF was less agglomerated compared

to CV coated MWCNTSs-PANI.

Figure 3. Comparison of MWCNTs-PANi deposited usingn(a)
CV and (b) SAF as dispersant

Uncoated MWCNTs still can be seen in the FESEM image of
MWCNTSs-PANI in SAF. However, as for MWCNTs-PANi in CV,
all surfaces were covered by CV. The formation mechanism of
CV and SAF coated MWCNTs involved hydrophobic interaction
of CV and SAF with dispersed MWCNTs-PANi (Barsan et. al.,
2015; Wang et. al., 2012; Zare et al., 2015). The amount of dyes
coated influence the capacitance amount through MWCNTs-
PANi. This result showed, too much agglomeration of dye will
agitate the amount of capacitance as the properties of
MWCNTs-PANi was distracted.

The FTIR spectra for MWCNTs-PANi in CV and SAF as
dispersant were shown in Figure 4. The MWCNTs-PANi
structure properties change can be seen in the FTIR spectra. CV
and SAF molecular structure were shown in Figure 1 as a
reference. The electrical charge of CV is related to two C-N and
C=N ligans, whereas the charge of SAF is attributed to two C=N
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and two C-C. Both dyes containing redox active C-N+
groups which reacted via electrochemical reaction with
MWCNTSs-PANI in deionised water (Arshadi et. al., 2016;
Shi & Zhitomirsky, 2015; Zare et al, 2015). This
electrochemical reaction is accountable in resulted to the
agglomeration of both dyes to MWCNTs-PANi (Maiaugree
et. al.,, 2012; Online et al.,, 2013). The interaction of
MWCNTs-PANi with the redox active from both dyes was
sketched in Figure 5. The appearance of C-N stretching for
both CV and SAF were shown in the FTIR spectra of the
variable absorption band in the range of 2000 cm™ to 2407
cm* and 1977-2355 cm respectively (Cheriaa et. al., 2012;
Sahu et al., 2015). This variable band may also pointed to
PANi amine group (Roy et al, 2018). This result also
explains how agglomeration of dyes and PANi are hard to
be distinguished. The chemical structure related to the
redox active reaction towards MWCNTs-PANi was also
shown in Figure 5.

Nonetheless, the broad absorption band at 3286 cm™ in
CV FTIR spectra may shows O-H stretching which also
revealed CV dominantly interact with MWCNTs-PANi
compared to SAF. Benzoid ring with N+ chemical structure
can be seen on the FTIR data in the variable of the
wavenumber in the range between 3000—-4000 cm™ of
amine group from both types of dispersant, CV and SAF
(characteristic of primary amine group).

The stretching of C-C for MWCNTs-PANi in CV and SAF
appeared to be shifted to the lower wavenumber of 1018 cm-
tand 938 cm™, respectively. This is due to resonance of C-C
and C=N from CV and SAF structure. The resonance
structure occurred when a single bond and double bond
characters were introduced into C=N of MWCNTs-PANi
base on their chemical structure. These results show
MWCNTs-PANi was successfully deposited by using both
dyes. However, the fingerprint of PANi in CV was unseen
since CV had annihilated the PANi properties. Whereas, as
for SAF the fingerprint of MWCNTs-PANi was not dilated
much. This result also explained that the agglomeration of
CV lowers the capacitance value as CV submerged the

MWCNTSs-PANi properties.
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Figure 4. FTIR spectra of MWCNTs-PANi deposited using (a)
CV and (b) SAF as dispersant
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Figure 5. Schematic structure of MWCNTs-PANi interaction
with dyes used

Mobilised MWCNTs-PANi was influenced by direct current
applied with electric field of 8 V. Both dispersants, SAF and CV
had resulted the deposition formed on the negative electrode.
Thus, the chemical reaction of MWCNTs-PANi and suspension

occurred on negative electrode. When current passed through
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the electrode, the electrochemical reaction at cathode
surface involved with the reductions reaction of N+, H.O
and O: in dyes ions containing solution (Ata et. al., 2018;
Salavagione et al., 2014). The chemical reaction related to

the schematic structure in Figure 5 was shown as below;

The suspension contains deionised water resulted the

possible reaction involving water:

2H-0 + 2e ----------- H- + 20H- (D

In the presence of H.O and O- together, another possible

reaction was also occurred:

0> + 2H-20 + 2e -----—--- 20H- + H202 (2)

All reactions produced hydroxyl ions (OH-) at the

cathodic surface:

N* 4 OHF NOH ©®)

OH- produced at the CNTs surface by the electrochemical
reaction, would react with the N+ which are the functional
group contain in both dyes and in PANi. This chemical
reaction equation points out the agglomeration occurred
due to the electrochemical reaction resulted at redox active
group. This result also explains why it is hard to
differentiate between the agglomeration of PANi and dyes
on MWCNTs as shown in Figure 3.

Figure 6 shows cyclic voltammogram at 2 mV s for
MWCNTs-PANi electrodes. The MWCNTSs-PANi fabricated
by SAF clearly shows a larger area of cyclic voltammogram
compared to MWCNTs-PANi fabricated by CV as the
dispersant. The larger area of cyclic voltammogram was
resulted by higher capacitance. The capacitance exhibited
by CV and SAF were then calculated to obtain the specific

capacitance value.
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Figure 6. Cyclic voltammogram for MWCNTs-PANi using CV
and SAF as dispersant

The highest specific capacitance of MWCNTSs-PANi deposited
via CV and SAF as dispersants were achieved at 15.94 F gt and
21.32 F g7, respectively through cyclic voltammogram. The
measured properties were strongly contributed from the
pseudo-capacitance due to electrochemical redox reaction
provided by PANi at the electrode-electrolyte interface. The

redox reaction shows in Equation (4).

H +e H0
N A — N . A
S 4)

Figure 7 presents the charge discharge curves of MWCNTs-
PANi in CV and SAF. The time taken for charge discharging
process shows that the MWCNTs-PANi cycling was much
longer than the MWCNTSs-PANi in CV compared to MWCNTs-
PANi in SAF. The discharging time was used to evaluate the
power density. The power density calculated was 12.26 x 104 W
kg and 37.40 x 104 W kg for CV and SAF, respectively. This
result pointed out the influence of using dyes as dispersant for
fabrication of MWCNTs-PANi supercapacitor electrode. The
specific capacitance was significantly different as CV was
dominantly agglomerated on MWCNTs-PANi compared to SAF
which had changed the properties of MWCNTs-PANi. The co-
deposited dyes affect the properties of MWCNTSs-PANi since
the electrochemical reaction appears to be overlapped with

dyes in macromolecule compound.
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Figure 7. Charge-discharge curve of MWCNTs-PANi using
CV and SAF as dispersant

The chemical reaction involved was notified in the
Equation (1)-(4). All calculations were evaluated using
Equation (5)-(7). The specific capacitance, Cs (F g) can be
calculated by using Equation (5):

(5)

where I represents average current that can be obtained
from cyclic voltammetry graph, S is the scan rate (mV s?)
and m is the mass of deposited film (g). Energy density, U
(W h kg?) of the deposited film was calculated using
Equation (6):
U=2CVe (6)

where V is the potential window (V). The power density, P
(W kg™) can be calculated using Equation (7):

U
P = v 7
where At is the time of discharging range.
Table 2 summarised all calculated values of

electrochemical properties including mass of deposited film

on 1 cm? of nickel foil.
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Table 2. Mass, specific capacitance and power density of
MWCNTSs-PAN:i film

Properties Dispersants
Ccv SAF
Mass (mg) 7.4 7.0
Specific capacitance (F g ) 15.94 21.32
Power density (W kg ) 12.26 X104  37.40 X 104
IV. CONCLUSION

The used of CV and SAF allow the dispersion of MWCNTs-PANi
in deionised water and electrophoretically deposited on nickel
foil. The presence of CV and SAF dyes microstructure influence
the result of MWCNTs-PANi for electrode supercapacitor
application. MWCNTs-PANi in SAF resulted higher specific
capacitance compared to MWCNTs-PANi in CV due to the
lower amount of SAF co-deposited on MWCNTSs-PANi as
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