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Sulfur dopant effects on hybrid rGO/MoS2/PANI nanocomposites for
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Abstract — In this study, 3 different materials were combined to form hybrid nanocomposite for
SupercapBattery applications. The effects of using sulfur (S) doped and undoped reduced graphene oxide
(S-rGO), Molybdenum (IV) sulfide (MoS>), and polyaniline (PANI) were used as a component of
nanocomposites. Electrochemical performances were performed by cyclic voltammetry (CV),
galvanostatic charge / discharge (GCD) and electrochemical impedance spectroscopy (EIS)
measurements. EIS measurements were analyzed by Nyquist, Bode-magnitude, Bode-phase, and
Admittance plots. Long-term stability tests were obtained by CV method using 1000 charge/discharge
performances at a scan rate of 100 mVxs™. The highest specific capacitance was calculated as Csp=
1753.77 Fxg! at 2 mVxs™ for ~GO/MoS,/PANI nanocomposite.
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I. INTRODUCTION materials, acetylene black and N-methyl-2-

The energy storage mechanism divides SCs
into two types [1]. These are given as:
electrochemical double-layer capacitors (EDLCs)
and pseudocapacitors. In EDLCs, the energy is
stored electro-statically at the electrode-electrolyte
interface in the double layer, while in
pseudocapacitors, charge storage occurs via fast
redox reactions on the electrode surface.

To improve the energy density of SCs, one
design is hybrid supercapacitors (HSCs) that
consider the fundamental principles of combining
the advantages of batteries and supercapacitors to
increase both energy density and power density of
HSC devices [2]. In this study, S-doped effect on
rGO/MoS2/PANI  hybrid nanocomposite was
studied as prepared hybrid nanocomposite with
2032 coin cell in ionic liquid electrolyte.

Il. MATERIALS AND METHOD

Electrochemical measurements were
performed with 2032 coin-type cells. The slurry
was obtained by mixing the as-synthesized

pyrrolidone (NMP) as a solvent for materials.
Polyvinyl pyrrolidone (PVP) was performed by
binder. Then the slurry was pasted onto Al and Cu
foils and dried at 60 °C in a vacuum oven for 12 h.
The electrolyte was ionic liquid (IL). And the mass
loading of electrode of 414 mg for
rGO/MoS2/PANI nanocomposite and 14.7 mg for
S-rGO/MoS2/PANI nanocomposite. Galvanostatic
charge/discharge, rate performance and cyclic
performances were tested between 0.0 and 0.8 V
by using ivium-vertex potentiostat-galvanostat
instrument.

A. GO and rGO synthesis

Graphene oxide (GO) was synthesized from
graphite powder according to modified Hummers
method [3]. GO was reduced by microwave-
irradiation method at 180 W and 10 min. [4, 5].

B- S-rGO synthesis

In literature, the conductivity of GO
increases by doped of S and N elements [6, 7]. As
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a result, S doped GO have a superior performance
compared to other additives (N, B or P) in terms of
capacitor performance [8]. 5 ml NaxS was mixed in
various sources (0.5 M). It was synthesized in a
microwave oven at 180 Watt and 20 min. So, S-
GO was obtained by centrifuged 3 times [9].

C- MoS; synthesis

0.6653 g sodium molybdate (VI) dihydrate
(NaM00O4x2H.0) and 0.8453 g of thiourea
(H2NCSNHy>) were dissolved in 33 ml of deionized
(DI) water. The mixture was then transferred to a
hydrothermal synthesis reactor (autoclave) for 24 h
at 210 °C. After annealing, the solution was
removed and the resulting precipitates were
immersed in DI water and sonicated for 30 min.
Excess impurities were removed from the mixture
by centrifugation 5 times at 4000 rpm for 15 min.
Thus, MoS; nanomaterial was synthesized [10].

D- Polyaniline (PANI) synthesis

Aniline (0.2 ml) and sodium dodecyl benzene
sulphate (SDBS, 3.3 g) as a surfactant will be
mixed with 0.06 ml of H3sPO4 in 10 ml of DI water
in an ice-bath. The resulting ANI/H3POj4 salt will
be added to the 0.46 g / 5 ml DI water soluble
ammonium persulfate (APS) mixture.
Polymerization will continue in the ice-bath for 12
h. A green colour solid PANI will be formed. The
resulting solid PANI will be dried by DI water and
ethyl alcohol [11].

I11. RESULTS & DISCUSSION

E- Electrochemical performances of
SupercapBattery device
Electrochemical performances of

rGO/MoS,/PANI and S-rGO/MoS2/PANI
nanocomposites were performed by CV, GCD and
EIS measurements.

F- CV measurements
CV plots of rGO/MoS./PANI and S-
rGO/MoS2/PANI nanocomposites at different scan

rates from 1000 mVxs™ to 100 mVxs* were given
in Figure 1.

& b)

Current density / A-g”’'

Current density / Axg”'

.........

02 04 06 02 04 0e
Potential / V Potential / V

Fig. 1 CV plots of a) rGO/MoS,/PANI, b) S-

rGO/MoS2/PANI nanocomposites at different scan rates from
1000 to 100 mVxs™,
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Fig. 2 Cs vs. Scan rate plot of a) rGO/MoS2/PANI, b) S-
rGO/MoS,/PANI nanocomposites at different scan rates from
1000 to 2 mVxs™,

The highest specific capacitances were presented
as Csp= 1753.77 Fxg! and Csp= 1094.81 Fxgl at a
scan rate of 2 mVxs™ for rtGO/MoS2/PANI and S-
rGO/MoS2/PANI  nanocomposites, respectively.
The lowest specific capacitances were obtained for
highest scan rates (1000 mVxs?). The specific
capacitances were taken as Csp= 17.24 Fxg? and
Csp= 22.65 Fxg? at a scan rate of 1000 mVxs™ for
rGO/MoS,/PANI and S-rGO/MoS2/PANI
nanocomposites, respectively.

G- GCD measurements

GCD plots of rGO/MoS2/PANI and S-
rGO/MoS2/PANI nanocomposites were given at
constant current density from 0.1 Axg™ to 1.0 Axg"
! as shown in Figure 3. The highest specific
capacitance was obtained as Csp= 1.54 Fxg™ at 0.1
mA for rGO/MoS,/PANI nanocomposite by GCD
measurements. In addition, it was obtained as Csp=
2.02 Fxg! at 0.1 mA for S-rGO/MoS,/PANI
nanocomposites by GCD method.
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Fig. 3 GCD nplots of a) rGO/MoS,/PANI, b) S-

rGO/MoS2/PANI nanocomposites at constant current density
from 0.1 Axg?lto 10 Axg?,

H-EIS measurements

EIS plots of rGO/MoS2/PANI and S-
rGO/MoS2/PANI nanocomposites were given in
Figure 4. Specific capacitance was obtained as
Cep= 0325 Fxg! for S-rGO/MoS,/PANI
nanocomposite obtained from Nyquist plot (Fig.4).

Double layer capacitance (Ca) and phase
angle (0) were obtained as Cqi= 0.29 Fxg™! and 6=
27.05° at 0.015 Hz for rGO/MoS2/PANI
nanocomposite obtained from Bode-magnitude and
Bode-phase plots, respectively. The other Cq and 6
values were obtained as Cg= 0.21 Fxg? and 6=
49.97° at 0.0019 Hz for S-rGO/MoS,/PANI
nanocomposite, respectively (Fig.5). Admittance
plots defined conductivity of nanocomposite
materials as Y"= 0.0017 S for rGO/MoS2/PANI,
and Y"= 0.000425 S for S-rGO/MoS./PANI
nanocomposites as shown in Figure 5.
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Fig. 4 EIS plots of Nyquist plots a) rGO/MoS,/PANI, b) S-
rGO/MoS,/PANI nanocomposites, Bode-magnitude plots c)
rGO/MoS,/PANI, d) S-rGO/MoS,/PANI nanocomposites.
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Fig. 5 EIS plots of Bode-phase plots a) rGO/MoS,/PANI, b)
S-rGO/MoS,/PANI nanocomposites, Admittance plots a)
rGO/MoS,/PANI, b) S-rGO/MoS2/PANI nanocomposites.

J- Stability tests

The stability graphs of the rGO/MoS2/PANI
and S-rGO/MoS,/PANI nanocomposites for 2032
coin cell electrodes were given charge/discharge
device performances for 1000 cycles (Fig.6). The
first capacitance value after 1000 charge/discharge
performances were obtained as 92.38% for
rGO/MoS2/PANI nanocomposite, and 88.74% for
S-rGO/MoS2/PANI nanocomposites in ionic liquid
in 2032 coin cell.
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Fig. 6 Stability tests of a) rGO/MoS./PANI, b) S-
rGO/MoS,/PANI nanocomposites. The measurements were
taken at a scan rate of 100 mVxs, 1000 charge-discharge
measurements.

IV.CONCLUSION

SupercapBattery device performances were
obtained by 2032 coin cell. The highest energy and
power densities were obtained as E= 1.95 Whxkg™
at 0.1 mA and E= 5.37 Whxkg! at 5 mA and P=
714.98 Wxkg?! at 10 mA and P= 1725 Wxkg™! at
10 mA for rGO/MoS2/PANI  and  S-
rGO/MoS2/PANI nanocomposites, respectively.

Phase angles were also presented as 6=
27.05° at 0.015 Hz for rGO/MoS./PANI
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nanocomposite and 6= 49.97° at 0.0019 Hz for S-
rGO/MoS2/PANI nanocomposite from EIS data.
The highest initial capacitance preservation was
obtained as 92.38% for rGO/MoS2/PANI
nanocomposite and 88.74% for S-rGO/MoS,/PANI

nanocomposites  for 1000 charge-discharge
measurements.

Our results have demonstrated that
rGO/MoS2/PANI and S-rGO/MoS2/PANI

nanocomposites for 2032 coin cell electrodes will
be considered as a promising symmetrical
electrode materials for the next generation of
supercapacitor applications.
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