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18 January 2024 we used commercial multi-walled carbon nanotube (MWCNT), polypyrrole (PPy)
and synthesized porous carbon (PC) from Astragalus brachycalyx plant as support-

© The Author(s), 2024 ing materials to prepare Pt-NiO,/PPy-MWCNT and Pt-NiO,/PC electrodes by a

straightforward method and tested their electrochemical properties for superca-
pacitor applications. X-ray diffractometer (XRD), scanning electron microscope
(SEM) and energy dispersive spectroscopy (EDS) were employed to characterize
synthesized electrodes. The XRD results confirmed the composition and crystal-
line structure of related materials in the Pt-NiO,/PPy-MWCNT and Pt-NiO,/PC
electrodes. While the MWCNT supporting materials with PPy exhibited filled rod
like structure, PC supporting materials showed porous surfaces according to SEM
images. The EDS analysis approved chemical composition of the Pt-NiO,/PPy-
MWCNT and Pt-NiO,/PC depending on their ingredients. Cyclic voltammetry
(CV) measurements were used to characterize capacitor behaviors of the electrode
materials in a Swagelok-type cell. The Pt-NiO,/PPy-MWCNT and Pt-NiO,/PC
materials displayed 252.36 F/g and 390.97 F/g capacitance values, respectively.
The electrochemical experiments revealed that the synthesized materials can be
used as energy storage electrode materials for supercapacitor applications.
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1 Introduction

The use of clean energy is vital for sustainable devel-
opment in today’s society, and one of another impor-
tant issue is to storage energy, which can be made by
supercapacitors, in natural ways [1-3]. Supercapaci-
tors are known as a double-layer electric capacitors,
and they have many advantages such as long cycle
life, high power and energy density, fast charge and
discharge, friendly to the environment and low cost
[4-6]. Due to these advantages, they have gained
great interest in the field of energy storage, and can
be widely used in many electrical applications such
as emergency backup powers, electric-vehicles, medi-
cal area, airbags, power-banks etc. [7, 8]. Researchers
have studied on electrode, binders, current collectors,
electrolyte materials, and separator of supercapacitors
[9]. Various materials and optimization techniques are
widely used to improve supercapacitor performance
by using various electrode materials for high chemical
stability and wide specific surface area [10]. For exam-
ple, activated carbon (AC), carbon nanotubes (CN),
polyaniline (PANI), polypyrrole (PPy), multi-walled
carbon nanotubes (MWCNT) are some of the materi-
als that used as support in the preparation of vari-
ous supercapacitors [11, 12]. While the reactions take
place both on the electrodes and in electrolytes, the
charge/discharge events occur only on the electrodes
in supercapacitors, and thus the material of electrodes
and electrolytes is very important due to impact on
the supercapacitor performance [13, 14]. Carbon-based
materials have been employed in supercapacitor appli-
cations as electrodes after eliminating deficiencies by
using some metal and polymer materials [15, 16].
Many researchers have developed composite materi-
als such as mixed metals and polymers to improve
performance of cyclic stability and specific capaci-
tance in supercapacitors [17-22]. As a carbon-based
material, MWCNT makes a significant contribution
to improvement of mechanical properties by increas-
ing the stability of the formed composite structure,
and it provides to increase conductivity properties
of materials without changing the electronic struc-
ture [20, 23]. Furthermore, successful studies have
been carried out by using various noble metals like
Pd, Ru, etc. with and without MWCNT to increase
electronic activity for non-enzymatic H,O, sensors
[24, 25]. Addition of Pt metal particles into carbon-
based materials can increase supercapacitor power
density of electrode materials and decrease power/
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charge transfer resistance [26]. Moreover, several car-
bon-based materials like polypyrrole (PPy) have been
used for preparation and tuning of electrode materials
with carbon-based materials in the composition, and
this has been detected to be effective way to increase
of the supercapacitor performance [27-29]. In addi-
tion, porous carbon (PC) derived by green synthesis
have been widely used in supercapacitor electrodes for
energy storage materials due to their high surface area
and porous structure [30, 31]. The PC has been used in
double-layer capacitors and pseudocapacitors accord-
ing to the adsorption-desorption mechanism formed
on their surfaces [32-34].

Most of carbon sources such as MWNCT, PPy are
available commercially market. However, to use green
synthesized carbon sources can protect environment,
and may cheaper than commercial ones with same
performance applications. Aim of this study is to
synthesize high performance carbon-based electrode
materials by green synthesis method for superca-
pacitor applications. In that aim, we used commer-
cial MWCNT with PPy and green synthesized PC as
supporting material for loading of Pt and NiO. Thus,
Pt-NiO,/PPy-MWCNT and Pt-NiO,/PC materials have
been obtained, and their electrochemical properties
tested as supercapacitors.

2 Materials and methods
2.1 Chemicals

Precursors of PtCl,, cetyltrimethylammonium bromide
(CTAB), nickel (II) chloride, palladium (II) chloride,
sodium borohydride (NaBH,), MWCNT, and polypyr-
role (PPy) were purchased from Sigma with analytical
degree and employed directly without any purifica-
tion process. Hydrochloric acid (HCI) and sulfuric acid
(H,SO,) were supplied from Merck.

2.2 Synthesis porous carbon (PC) derived
from Astragalus brachycalyx plant

Astragalus brachycalyx plants were collected in a moun-
tainous region of Hakkari City, in Turkey. Astragalus
brachycalyx plant firstly was dried in a dark environ-
ment at 78 °C for 48, and then were ground and sieved,
and then PC was prepared by carbonization process
for treated Astragalus brachycalyx plant at a pyroly-
sis device under nitrogen atmosphere of 5 °C/min at
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Fig. 1 Production procedure of the PC supporting material

600 °C for 1 h. The obtained carbonized materials were
washed with distilled water and dried in an oven at
105 °C for 24 h [35]. Schematic illustration of the pro-
duction of the PC has been shown in Fig. 1.

2.3 Synthesis of Pt-NiO,/PPy-MWCNT
materials

MWCNT/PPy nanomaterial was prepared by the
interaction of MWCNT suspension solution and oxi-
dative polymerization of pyrrole monomer. MWCNT
(0.50 g) was added into a 40 ml water in a vessel and
kept in the sonication medium for 30 min. Then, CTAB
(0.15 g), hydrochloric acid (120 mL) and pyrrole (0.30
mL) materials were added into the mixture, and the
mixture was stirred for 12 h to form the pyrrole mon-
omer structure surrounded by MWCNT. In another
vessel, a new solution was prepared by dissolving 3 g
ammonium persulfate (APS) in hydrochloric acid (5 M,
200 mL). This prepared solution was added dropwise
into the pyrrole monomer solution integrated with the
MWCNT suspension by a smart pipette. The stirring
of the final solution was kept in the ice bath for about
60 min and then allowed to polymerize at about 6 h at
room temperature conditions. The resulting MWCNT/
PPy precipitate was centrifuged and washed with dis-
tilled water and ethanol to remove unwanted impu-
rities. The final product was left to dry in a vacuum
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oven at 75 °C [36, 37]. The synthesized PPy/MWCNT
(1 g) powder was homogeneously dissolved in 200 mL
water by an ultrasonic bath for 30 min. PtCl, (177 mg,
10 m M) was added into this mixture and stirred for an
additional 30 min. Then, NaBH, (750 mg, 20mM) as a
reducing agent was added into the solution medium
and stirred for 1 more hour. The final solution was
filtered by a filter, and obtained product was washed
profusely by distilled water and methanol. It was
dried in a vacuum oven at 80 °C for 12 h at the end.
For a better understanding, the synthesis protocols of
the Pt-NiO,/PPy-MWCNT materials have been sum-
marized in Fig. 2 as schematically.

2.4 Synthesis of Pt-NiO,/PC materials

Typically, Pt-NiO,/PC was synthesized using the
chemical reduction method combined with the easy-
impregnation technique. Firstly, the Na,PtCl, pre-
cursor solution was obtained by adding PtCl, into
aqueous NaCl solution. Then, 1.1 mL of Na,PtCl, and
0.0550 mL of NiCl, were added into 4.60 mL of DI
water and mixed for 10 min. Then, 100 mg of PC was
added into the solution medium, and the mixture was
kept in the ultrasonic environment for 1 h to ensure
dispersion homogeneously. A 0.5 mL of NaOH solu-
tion was added into the resulting suspension and
mixed for 30 min. 42 mg of NaBH, was also added to
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the mixture by vigorous stirring in 30 min. Finally, the
obtained product was washed with plenty of distilled
water and ethanol after centrifugation, and it was left
to dry at 60 °C for 10 h [38].

2.5 Electrochemical measurements

The energy storage property analysis has been con-
ducted with Swagelok-type cell and Gamry 1010-E
galvanostat/potentiostat. In order to measure elec-
trode properties, two equal amounts of Pt-NiO,/PPy-
MWCNT and Pt-NiO,/PC as 0.36 g were dropped
on the two same 1 cm diameter stainless-steel foils,
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separately. After the electrode preparation, 6 M KOH
aqueous solution has been prepared as electrolyte
material. To prevent short-circuit of the cell, the cel-
lulosic paper membrane was used between two elec-
trodes. The capacitor diagram, image of the Swa-
gelok-type cell and measurements system have been
shown in Fig. 3a—c, respectively. The measurements
were obtained for constant scan speeds of 100, 200,
400, and 800 mV/s. The CV measurements were con-
ducted as 3 cycles to observe any anomalies, but only
one CV cycle data were given in the result section to
avoid data analysis confusion. In order to measure the
capacitance, the two-electrode method was exploited.
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Fig. 4 XRD patterns of Pt-NiO,/PPy-MWCNT and Pt-NiO,/PC materials a all samples are together, b closer look XRD pattern of Pt-

NiO,/PPy-MWCNT and ¢ Pt-NiO /PC

The cycle life study capacitance measurements were
performed under 200 mV/s constant scanning speed
in the range of 0-1 V for 200 cycles. Then, capacitance
values of the samples were calculated with Eq. 1 in the
reference of CV results [39].

1AV

T 2mAVY’ (M

where [ is current, m is the electrode active mate-
rial weight as 0.36 g, v is scan rate, and AV is voltage
range.

2.6 Characterization

XRD measurements were carried out by a X-ray dif-
fractometer (Rigaku Rint 1000) operating at Cu-Ka
radiation (40 kV, 40 mA). Surface analyzes of the
materials were performed with scanning electron

microscopy (SEM) combined with energy dispersive
spectroscopy (EDS) by ZEIS EVO18 SEM and Hitachi
Regulus 8230 FE-SEM. Cyclic voltammetry (CV) elec-
trochemical measurements were performed using
Gamry Interface Potentiostate-Galvanostat (Gamry
1010E) instrument. Carbonization of Astragalus
brachycalyx plant for PC material preparation was
carried out in a nitrogen-bonded furnace by DEFNE
Pyrolysis instruments.

3 Results and discussion

Figure 4 shows XRD pattern of the Pt-NiO,/PPy-
MWCNT and Pt-NiO,/PC electrode materials for the
range of 10-90° 2-Theta degrees. While the Fig. 4a indi-
cates all the XRD patterns of the materials together,
Fig. 4b and c show separately and closer look of the

@ Springer



174 Page 6 of 13

J Mater Sci: Mater Electron (2024) 35:174

Fig. 5 SEM images of a MWCNT, b Pt-NiO,/PPy-MWCNT, ¢ PC and d Pt-NiO,/PC materials

Pt-NiO,/PPy-MWCNT and Pt-NiO,/PC XRD patterns,
respectively. Both Pt-NiO,/PPy-MWCNT and Pt-NiO,/
PC exhibited XRD peaks due to having carbon com-
position according to Fig. 4a [40-42]. However, PC
sample has more amorphous structure due to having
non-sharp peaks. This result is good agreement for PC
samples according to literature [32]. Furthermore, the
samples exhibited separately other peaks of their com-
position when the closer look in Fig. 4b and c. While
the XRD patterns of the Pt-NiO,/PPy-MWCNT exhib-
ited Pt, Ni and NiO with carbon characteristic peaks,
the Pt-NiO/PC revealed Pt, Ni, NiC,0,, Ni,O; and NiO
peaks in Fig. 4b and c according to JCPDS 04-0802 for
platinum, JCPDS 04-0850 for nickel, JCPDS 25-0582 for
NiC,0,4 JCPDS 14-0481 for Ni,O3 and JCPDS 04-0835
NiO [43-47]. The phases of NiC,0, and Ni,O; com-
pounds can be attributed low synthesize temperature
of the samples because calcinating temperature causes
various phases Ni and O elements [48, 49].

Figure 5a—d indicate SEM images of the MWCNT,
PC Pt-NiO,/PPy-MWCNT and Pt-NiO,/PC materials
for 50.00 kx magnification scale, respectively. While

@ Springer

the MWCNT rods have been clearly identified in
Fig. 5a and b, the PC have exhibited porous surfaces
according to Fig. 5c and d. In the case of SEM images
of Pt-NiO,/PPy-MWCNT material in Fig. 5b, the sup-
porting MWCNTs were coated or filled related mate-
rials such as Ni, Pt, Pd and PPy, and the radii of rods
are around 70-80 nm. These results are in good agree-
ment with literature [50, 51]. In the case SEM image
of the Pt-NiO,/PC the porous structures in Fig. 5d can
be seen with big blocks which have 200 nm to 1-2 pm
sizes, and structures are homogenously distributed.

Figure 6a and b show EDS analysis results of the
Pt-NiO,/PPy-MWCNT and Pt-NiO,/PC materials,
respectively. All materials have exhibited C and O
peaks due to having porous carbon and MWCNT in
the composition as well as NiO, compounds. Atomic
and weight ratios also have been given inset of Fig. 6a
and b. The results clearly revealed that the amount of
the elements was almost protected.

CV analyzes were performed to determine elec-
trochemical characteristics of Pt-NiO,/PPy-MWCNT
and Pt-NiO,/PC electrode materials before analyzing



J Mater Sci: Mater Electron (2024) 35:174 Page 7 of 13 174

81 (a) Pt-NiO,/PPy-MWCNT 81 (b) Pt-NiO,/PC
c Cc
2 6 2 6
X X
’g o E o Element Weight % Atomic %
o Element Weight % Atomic % o c 81.84 88.12
> 4- c 85.80 89.00 > 41 0o 13.68 11.06
@ o] 11.37 10.45 @ Pt 1.09 0.07
2 Pt 0.31 0.02 ] Ni 3.39 0.75
£ N N 2,52 0.53 £
1
w‘

Energy (keV)

10

Fig. 6 EDS spectrum of a Pt-NiO,/PPy-MWCNT and b Pt-NiO,/PC

—
Y

—

e

Current (mA)
=

—— 100 mV/s
[} 200 mV/s
-6 400 mV/s
8t — 800 mV/s
-1.0 -0.5 0.0 0.5 1.0
Voltage (V)
(c) s
4L
3 F
< 2
E 1
0
)
= -1
=
o -2 —— 100 mV/s
3 200 mV/s
———400 mV/s
4T ——800mV/s
-5 1 I 1
-1.0 -0.5 0.0 0.5 1.0

Voltage (V)

(b) — oomvs

4 6 8 10
Energy (keV)

200 mVis

400 mV/s =———800 mV/s

>
4
=
Voltage (V)
(d ) 100 MV/s = 200 Vs e 400 mV/s e 800 mV/s

0.009

0.006
>
= 0.003
—
=

0.000

-0.003 L . L
-1.0 -0.5 0.0 0.5 1.0

Voltage (V)
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the operating performance in energy storage systems.
Figure 7a—d shows the CV and dI/dV analyzes of the
Pt-NiO,/PPy-MWCNT (Fig. 7a and b) and Pt-NiO,/PC
(Fig. 7c and d) samples. As seen in the Fig. 7a, almost
rectangular shape current characteristic was obtained

for CV characteristics of the Pt-NiO,/PPy-MWCNT.
This shows that the MWCNT structure exhibits elec-
tric double-layer capacitor (EDLC) feature [52]. On the
other hand, in Pt-NiO,/PC (Fig. 7c) electrode material
exhibited some Faradaic reactions and degradations
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in the rectangular CV characteristic. However, these
Faradaic reactions can be thought to have weak pseu-
docapacitive effects that do not suppress the EDLC
characteristic. This situation especially reveals the
difference in capacitive effect between Pt-NiO,/PPy-
MWCNT and Pt-NiOx/PC electrode materials. Fur-
thermore, dI/dV analyzes were also performed using
CV results to display the analysis of possible redox
reactions. The Pt-NiO,/PPy-MWCNT electrode mate-
rial has rectangular shape CV characteristics, and there
is no determined redox reaction in the range of +1 V
or the samples show permanent capacitive current
plateaus in the range of + 1 V. Moreover, these capaci-
tive current plateaus generally resemble characteristic
supercapacitor current plateaus [53, 54]. This situation
shows that the Pt-NiO,/PPy-MWCNT electrode mate-
rial may store energy at high level capacitance values
as a supercapacitor. In addition, another important
point is that the Pt-NiO,/PPy-MWCNT electrode mate-
rial shows an increasing capacitive current trend when
the value of scanning speed increase from 100 mV/s
to 800 mV/s. This reveals that Pt-NiO,/PPy-MWCNT
electrode material has fast charge discharge the energy
behavior.

According to CV characteristic of Pt-NiO,/PC
electrode material (Fig. 7c), some redox reactions
occurred in the structure depending on the increased
voltage scanning rate, and the rectangular shape CV
feature revealed. According to literature research,
these redox peaks occur due to the Ni%*/Ni®* transi-
tions in the 0-0.50 V region, and it is caused espe-
cially by the OH™ ion from the KOH,,,, electrolyte
[55]. While there are NiO and Ni,O; phases that
can provide these transitions in the Pt-NiO,/PC, the
effect of NiC,0, (another phase in the structure) was
also investigated based on the literature. In the study
of Sahu et al. in 2021, the NiC,0, phase had only a
capacitive effect [56]. On the other hand, when the
CV values of study by Sahu et al. were compared
with CV of Pt-NiO,/PC, it was determined that the
Pt-NiO,/PC electrode material provided approxi-
mately 100 times lower current value (Sahu et al.
obtained ~ 0.12 A at 0.40 V and 100 mV/s scan rate).
This shows that the presence of NiC,0, in the Pt-
NiO,/PC structure is at a negligible level. In addi-
tion, when the dI/dV are examined, the anodic and
cathodic peak voltage levels reducing depending on
increasing scan speeds. Pt-NiO,/PC electrode mate-
rial has anodic peaks at 0.35, 0.32, 0.30, and 0.28 V
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and cathodic peaks at 0.40, 0.38, 0.35, and 0.32 V for
100, 200, 400, and 800 mV/s scan speeds, respectively.
This show that the material can adapt to high-speed
charge-discharge energy storage processes. The most
important factor in this situation is that the Pt ele-
ments in the electrodes increase the structural sta-
bilization [57]. Because, within the transition metal
group, elements such as Ni (58.69 u), Mn (54.94
u) and Co (58.93 u) are generally most used metal
elements in energy storage systems. Compared to
these, the Pt (195.08 u) element has a higher atomic
weight [58]. This can be thought as an important fac-
tor for reducing the mechanical vibrations occurring
in molecular and crystal structures, especially dur-
ing the insertion/disinsertion processes of ions into
electrodes.

The first charge-discharge capacitance values, the
first-3 discharge capacitance values under various
scanning speeds and 200 cycle cycle-life analysis have
been displayed in Fig. 8a—d for Pt-NiO,/PPy-MWCNT
and Pt-NiO,/PC electrode materials. The data shown
in Fig. 8a, c and d belong to a scan rate of 200 mV/s.
The most important factor for presenting the data
obtained at a scanning speed of 200 mV/s is to obtain
higher scanning speed than other analyzes performed
in the literature. Since circuit components operating at
higher speeds have been demanded in technological
applications, we have desired to show the character-
istic behaviors more clearly by that way. The Pt-NiO,/
PPy-MWCNT and Pt-NiO,/PC have 252.36 F/g and
390.97 F/g charge capacitance values, respectively. The
discharge capacitance values obtained as 199.82 F/g
and 230.89 F/g for Pt-NiO,/PPy-MWCNT and Pt-NiO,/
PC, respectively. The results highlighted that both of
two electrode materials show supercapacitor feature.
Moreover, the Pt-NiO,/PC electrode material shows
an anomaly according to charge-discharge capaci-
tance differences. There is a capacity loss of about 35%
between the stored energy and the discharged energy
for first cycle.

Figure 8b shows the analysis of the specific capaci-
tances of the first three cycles depending on 100-800
mV/s scanning speeds for Pt-NiO,/PPy-MWCNT and
Pt-NiO,/PC electrode materials. The most important
indicator of this analysis is the change in the stored
energy depending on the increasing scanning speed.
For a more detailed analysis of stored energy changes,
the capacity retention calculations were obtained for
the first 3 discharge cycles for 100-800 mV/s scan rates.
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Table 1 Discharge

] ’ Pt-NiO,/PPy-MWCNT Pt-NiO,/PC

capacitance retention values

depending on scan rate for Scanrate st (F/g) 2nd (F/g) 3th(F/g) CR (%) 1st(F/g) 2nd (F/g) 3th(F/g) CR (%)

first 3 cycles (mV/s)
100 203 200 198 97.60 223 220 217 97.40
200 199 197 195 98 230 224 221 96.10
400 179 177 175 97.80 220 213 210 95.50
800 163 161 160 98.20 207 202 199 96.10

Capacity retention (CR) values are calculated as given
by following formula:

()

where C,, is the first-cycle capacitance value (F/g) and
C, is the last cycle capacitance value (F/g). Capaci-
tance and CR values depending on scanning speeds
during 3 cycles are given in Table 1 for comparison.
When the differences in CR performances were exam-
ined together with the morphological features, it was
determined that the Pt-NiO,/PPy-MWCNT electrode
material responded better to K" or OH™ polarization

than the Pt-NiO,/PC electrode material with their
porous structure. Therefore, both electrode materials
have more stable CR performance in charge-discharge
processes at high speeds.

The cycle-life analysis of the Pt-NiO,/PPy-MWCNT
and Pt-NiO,/PC have been indicated in Fig. 8c and
d for charging and discharging, respectively. Similar
to the results of Fig. 8a, the charge-discharge capaci-
tance difference of the Pt-NiO,/PC electrode material
is clearly seen. However, although there is a differ-
ence in charge-discharge capacitance compared to
other materials, Pt-NiO,/PC provides more stable
energy for discharge capacitance stability. That is, the
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Table 2 The capacitance values of some specific cycles and capacitance retention values

Sample 1. cycle 50. cycle 100. cycle 200. cycle CR (%)
Ch. Dch. Ch. Dch. Ch. Dch. Ch. Dch. Ch. Dch.
Pt-NiO/PPy-MWCNT 252.36 199.82 177.57 161.38 163.98 148.71 151.18 137.37 59.90 68.80
Pt-NiO/PC 390.96 230.89 270.89 201.66 257.29 194.08 239.75 184.52 61.30  79.90
Table 3 Capacitive . Electrode Material Type Specific Capac- Capacity References
performance comparison itance (Flg) Retention (%)
of carbon-type electrode
materials Vertical Graphene Nanosheets Graphene-based 230 >99 [59]
N-Graphene Graphene-based 405 87.70 [60]
NiSe on Graphene Graphene-based 1280 98 [61]
Three Rose Petal-Derived Porous Carbon-based 56 - [62]
Carbons
TiC-Derived Carbon-based 163 107 [63]
Nanoporous Carbon
Multiwalled Carbon Nanotube MWCNT-based 32-41 - [64]
LiNi; ¢Coy ,0,/MWCNT MWCNT-based 196.70 54.20 [65]
Multiwalled Carbon Nanotube MWCNT-based 18.50 - [65]
Pt-NiO/PPy-MWCNT MWCNT-based 199.82 68.80 This Study
Pt-NiO/PC Carbon-based 230.89 79.90 This Study

Pt-NiO/PC material is structurally more stable state.
On the other hand, Pt-NiO,/PPy-MWCNT capaci-
tance values decreased during the increasing cycles. In
order to analyze this situation better and to determine
which material exhibits more stable performance, the
CR values are calculated for 200 cycles (at 200 mV/s
scan rate) and given in Table 2. The contribution of
Pt to the structural stability (for Pt-NiO,/PC electrode
material) during 200 cycles shows that oxidative reac-
tions are sustained in longer cycles than other samples.
Although the Pt-NiO,/PC has disadvantageous at high
speeds charge-discharge, the Pt stabilization creates a
great advantage especially for porous structure than
other samples.

When evaluations are made in terms of technol-
ogy and industrial uses, commercial MWCNT with
PPy and green synthesized PC have great importance,
especially for this study because it is of great impor-
tance to use both economical and environmentally
friendly materials in energy storage systems to pro-
duce alternatives to expensive nanotubes. However,
this makes it difficult to achieve the desired high
capacitive performances. For this reason, it is aimed
to increase the capacitive performance by loading Pt
and NiO into our economical and environmentally
friendly materials. Whether this aim has been achieved

@ Springer

Table 4 Comparison of Pt-NiO,/PPy-MWCNT and Pt-NiO,/PC
supercapacitors for industrial applications

Sample Capacitance  CRrate  Energy
storage
stability

Pt-NiO/PPy-MWCNT  Good Good Good

Pt-NiO/PC Better Better Better

or not is revealed by a literature comparison shown
in Table 3.

The capacitive performances and CR values of car-
bon-based materials given in Table 3. It has been deter-
mined that Pt-NiO,/PC and Pt-NiO,/PPy-MWCNT
materials offer higher capacitive performance and CR
values than many other carbon-derived electrodes.
This situation also supports the application com-
parison given in Table 4. When a general evaluation
is made, it is thought that Pt-NiO,/PC and Pt-NiO,/
PPy-MWCNT will be more economical and more envi-
ronmentally friendly alternative materials for energy
storage systems.

Capacitive performance results of Pt-NiO,/PPy-
MWCNT and Pt-NiO,/PC supercapacitors have been
listed in Table 4 for the classification of good and better
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in terms of use in industry and technology. In this com-
parison, the first charge-discharge performances, the
first 3 cycles of discharge capacitance values at vari-
ous scanning speeds, the 200-cycle cycle-life results at
a constant scanning speed of 200 mV/s, CR calculation
values and data in Table 3 for these results were taken
into account. In this context, it has been determined
that Pt-NiO,/PC is better thans Pt-NiO,/PPy-MWCNT.
Moreover, it is considered that both materials have high
capacitance values at levels that can be used in industry.

4 Conclusion

We prepared Pt-NiO,/PPy-MWCNT and Pt-NiO,/PC
materials by a facile synthesis method for supercapaci-
tor electrode materials to usage in technological appli-
cations. The electrode materials were characterized by
XRD, SEM and EDS analyses. The XRD results revealed
crystalline structure of the composition of the related
materials such as C, Pt, Ni in the electrodes. SEM images
of the materials confirmed filled rod like and porous
surfaces of the MWCNT and PC supported materials.
EDS analysis approved chemical composition of the
Pt-NiO,/PPy-MWCNT and Pt-NiO,/PC depending on
their ingredients. The capacitance values of the Pt-NiO,/
PPy-MWCNT and Pt-NiO,/PC materials were obtained
as 252.36 and 390.97 F/g, respectively. The comparison
of the materials was made according CR and energy
storage stability. As a results, the synthesized electrode
materials can be used for supercapacitor applications.
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