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Abstract

We reported the fabrication of three different supercapacitor cells using a commercially prepared carboxyl
multiwalled carbon nanotubes (CPCMWCNTs) as electrode, and hybrid solid polymer electrolytes (HSPE) of
different electrical conductivities as separators. The Three cells were then constructed and leveled as cell-A
(C90PVdF-HFP10 [H50] C90PVdF-HFP10), cell-B (CO90PVdF-HFP10 |H60| C90PVdF-HFP10) and cell-C
(C90PVdF-HFP10 [H70] C90PVdF-HFP10). Numbers of analysis, such as FESEM, XRD, TGA and
electrochemical analysis were carried out on both the commercial CNT and that of the electrolytes. From the
overall results of the electrochemical analysis of cyclic voltammetry (CV), cell-B delivered higher capacitance of
60.10 Fg'doubling that of cell-A, and tripling cell-C. Whereas the charge-discharge (CD) tests carried out in the
cells reveals that even at the lower voltage window of 1.5 V, cell-A delivered slightly better than that of B and C
with a balanced and good discharge capacitance of 86.06 Fg ' and higher energy/power densities of
432.22 Jg'/8.37 Jg 's 'and less internal resistance. All the cells were able to deliver a modest capacitance at a
voltage window of 3V.

Keywords: supercapacitor, hybrid solid polymer electrolyte (HSPE), carboxyl multiwalled carbon nanotubes.
Differential Scanning Calorimetry (DSC) analysis, cyclic voltammetry (CV), charge discharge (CD)

1. Introduction

Experts in the energy and its usage have identified the recognition of energy, pattern of consuming energy (Paul et
al., 2012), the role of industry structure and its values as an energy paradigm change of the globe, with many of
them, suggesting and developing a new paradigm, which occurred as a result of the complicated problems such as
petroleum exhaustion, environmental pollution, greenhouse effect and climate change. They, however, forecasted
that, the future energy paradigm will include concepts that diminishing wasteful energy, enriching the lifestyle and
not burdening the environment (Iwama et al., 2012). All these, is in order to pave away to the few prominent
energy storage devices such as batteries and most importantly “Supercapacitor” which could be one among the
most efficiently used sustainable paradigm which also could tackle the current paradigm (Choi et al., 2012; Dubal
et al., 2012).

Supercapacitors, also known as ultracapacitors (Inagaki et al., 2014a; Hashim & Khiar, 2011; Burke, 2009) or
power capacitors, store electrochemical energy by accumulating the charge from electric double layer, which is
caused by electrostatic attraction. In this case, the capacity of the supercapacitor is proportional to the electrode
surface, i.e., the electrochemically active surface, where, how much ions are attracted, (Gund et al., 2013; Jiang et
al., 2013). Electrochemical Double Layer Capacitors (EDLCs) are possible to be fully charged and discharged in
seconds. Although their energy density (about 5-10 Whkg™) is lower than in batteries or fuel cells, higher power
density (10 Whkg™) can be reached in a short time (Choi et al., 201). The most attractive advantage of EDLCs is a
high power capability (Ayad et al., 2011; Domingo-Garcia et al., 2010; Snook et al., 2011;) with the fast
charge/discharge rate (Zheng et al., 2012; Choi et al., 2012). Moreover, most of the EDLCs are safer against short
circuit than batteries in terms of the possibility of self-ignition. They do not contain any hazardous or toxic
materials (Aravinda et al., 2013a; Aravinda et al., 2013b) and have the durability during long CD cycles.
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Basically supercapacitors can be represented by two distinct mechanisms describing them: (i) EDLC and (ii)
Psuedocapacitor. EDLCs store the charge electrostatically following a reversible adsorption—desorption cycles of
electrolyte ions onto active electrode materials. These active materials might not only be electrochemically stable,
but also have accessible large surface area and with no any Faradaic reaction at EDLC electrode. The surface
storage mechanism allows very fast energy uptake and delivery, and better power performance. However, the
physicochemical process and electrode polarization in EDLC are not enough to apply high energy devices. On the
other hand, pseudocapacitors, undergoes reversible Faradaic reactions. Chemically modified carbon materials,
(Inagaki et al., 2014 b; Inagaki, 2012; Inagaki et al., 2014 c; Inagaki et al., 2014d; Inagaki et al., 2014 ¢), metal
oxide, (Choi et al., 2012; Paul el al., 2012) and conducting polymers (Hsieh et al., 2012; Choi et al., 2012; Paul el
al., 2012) are used as electrodes. In case of pseudocapacitors, the stability for charge-discharge (CD) cycling is
relatively poor, though, their energy densities are relatively high compared to EDLCs. Furthermore, the response
time is longer than EDLCs, because it takes longer time to move electrons during the redox reaction (Choi et al.,
2012). Although supercapacitors can be regarded as “still evolving” into the area of ever more energy containing
and powerful devices, they have since been able to address the increasing needs of electronic (cell phones, digital
cameras, etc. (Probstle et al., 2002), industrial (uninterruptible power supplies, grid conditioning, windmills,
cranes, etc.) (Payman et al., 2008; Wu et al., 2012) and in the sectors of transportation/automotive (trains, busses,
cars) (Shi et al., 2013; Tran et al., 2013; Wu et al., 2013; Inagaki et al., 2014). Although supercapacitors have
higher capacity than batteries and capacitors, it may present disadvantage of high raw material cost and process
difficulty. However the application of thin film processes to the fabrication of the supercapacitors might overcome
the above disadvantage. As a result, supercapacitors in thin film form (and using solid and flexible electrolyte)
(Wang et al., 2013) are gaining increasing interest in the field of lightweight, ultrathin energy management devices
for wearable electronics (Dubal et al., 2012). So far most of the current supercapacitors uses liquid electrolyte
which could have side effect on the environment in terms of its hazards; the housing of the cell after the sealing of
the electrolyte could also be another issue (Wang et al., 2013), the reason why we chose the former method for the
cell fabrication.

Recently, number of researchers have diverted their attentions towards the development of advanced electrode
materials, which could replace the most commonly used once (such as Activated Carbon (AC)), by mainly using
Carbon Nanotubes (CNTs) networks or graphene as flexible electrodes, for high-performance flexible
supercapacitors. CNTs, especially MWCNTs have high inherent conductivity, flexibility, chemical and
mechanical stability, and larger surface area polarizability (Paul et al., 2012), and can operate within the voltage
window of 3 V or more. Furthermore, their predominant exohedral surface favors the quick accumulation and
transport of electrolyte ions so as to increase the performance of quick charge and discharge under high currents
(Zheng et al., 2012). This will be vindicated in our cell construction and fabrication highlighted in this paper. In
order to reduce the toxic effect to the environment and its inhabitants, (Dumortier et al., 2006) functionalized
CNTs were selected for this purpose. Functionalized CNTs are said to be stable for long-term storage, are soluble
in aqueous solution, have low toxicity, (Capek, 2009), while increasing more reactivity at their surface walls
(Prato et al., 2007; Mittal, 2011). Most importantly, when CNTs are functionalized, their pore sizes will be
widened up, thereby increasing the chances of ionic penetration at the electrode-electrolyte interface of fabricated
supercapacitor (Van Hooijdonk et al., 2013).

2. Experimental
2.1 Electrolytic Materials

Hybrid Solid Polymer Electrolyte (HSPE) was prepared from a percentage ratio of 70:30, 60:40 and 50:50 wt. %
respectively of PVA and H3PO, with cellulose filter paper immersed into it. The H3PO4 (>85 wt.% in water, molar
mass of 98.00 gMol, product, number of 1502-80) was obtained in aqueous form from R & M marketing, Essex,
UK brand, while the PVA (molecular weight; 89,000-98,000, 99 + % hydrolyzed) was obtained from Sigma
Aldrich. Both H;PO4 and PVA were used as-received without further treatment or purification. An aqueous
solution of PVA was then prepared by combining PVA with distilled water in the ratio of 1:10 by volume. This
solution is mechanically agitated by magnetic stirring at 60 °C for five hours to thoroughly dissolve the PVA in the
distilled water. H;PO4 was then mixed with the PVA aqueous solution in the ratio of 70:30, 60:40 and 50:50 wt. %
as mentioned above. After the mixture cools to a room temperature, the resulting homogenous solution of
PVA/H;PO,4 was cast over a plastic Petri dish. This was after a cellulose filter paper (Whatman brand) was cut into
a 6 cm x 5.5 cm and soaked in a segment of the aforementioned solution. The above mixture took roughly four
weeks before it dries. After which it can be able to peel off was used as the separator and at the same time as the
HSPE.
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2.2 Electrode Materials and Cell Assembly

The carboxyl multiwalled CNTs with the following specifications; -COOH content of 0.49 wt.%, an outer
diameter of > 50 nm, length of 10-20 pm, purity and Ash are both >95 wt.%, and <1.5 wt.%, respectively, Surface
area of >40 m’g" and Conductivity of >10° Sem™ was purchased locally in Malaysia (with material code
MC&8/21/20). The binder used, was P(VdF-HFP) (average molecular weight of ~400,000; Mn of ~130,000 pellets;
product number of 427160) was purchased from Sigma Aldrich. So, the double layer capacitor was made with a
mixture of 90 wt. % of the CPCMWCNTs and 10 wt. % of P(VdF-HFP), mixed inside a 20 ml of the acetone. The
slurry was then cast onto to the Aluminum foil and allowed to dry for about two hours at room temperature. Prior to
that, an applicator was used to polish the slurry with the view to leveling it and obtaining a desired thickness which
was around 0.127 mm. The dried sample was then further dried in an oven for about 12 hours at a temperature of
100 °C. Afterward, the solid films were obtained and were further cut into 2 cm”x 3 cm” each. The weights of the
films were measured by means of a micro-balance (Santorius, Ax 224) with an accuracy of 0.001 mg. The average
weights of two electrode films that make a cell was around 0.224 g. Using a Perspex of about 5 cm x 4 cm, the cell
was set up by sandwiching two electrodes with the electrolyte and assembled in an innovative supercapacitor tester
(see Figure 1).

Figure 1. Cross-section of the fabricated supercapacitor cells in our laboratory

The surface morphologies of all films were investigated via FESEM (SU 8030 a family member of SU 8000;
Resolution capability of 1.0 nm / 15 kV, 1.3 nm / 1 kV and abling magnification of 80x to 2 000 000x). XRD
spectra were obtained with an XRD (Philip X'Pert XRD with Cu K, radiation of wavelength A=1. 54056 A for 20
angles between 10° and 80°) that used Cu Ka radiation (A = 1.5406 A) operating at 40 kV and 30 mA. CD analysis
and CV were respectively carried out by using a newer battery which has been interfaced to a computer called
“e-machines” (model: ET1850, Rating: 100-127/220-240Vac, 6/3.15A (6/3,15A), 60/50 Hz) and Gamry
instrument Framework (version 5.61).

The following symmetric capacitor cells were assembled

Cells: Cell A- C90PVdF-HFP10 | H50 | C90PVdF-HFP10
CellB- C90PVdF-HFP10 | H60 | C90PVdF-HFP10
CellC- C90PVdF-HFP10 | H70 | C90PVdF-HFP10

3. Results and Discussions
3.1 Microstructure Characterizations

As mention earlier, XRD spectra were obtained with an XRD (Philip X'Pert XRD with Cu K, radiation of
wavelength A=1. 54056 A for 20 angles between 10° and 80°) that used Cu Ka radiation (4 = 1.5406 A) operating
at 40 kV and 30 mA. The XRD analysis of the COOPVdF-HFP10 electrode is depicted in Figure 2. As seen from
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this figure, all the diffraction peaks can be observed and the major diffraction peaks of the CPCCMWCNT can also
be seen clearly. The XRD peaks that appear in 6= 26° and 6= 43° might be as a result of the hexagonal structure of
(002) and (101) respectively, which indicates that the carboxyl multiwalled CNT have high conductivity (Dong et
al., 2007). In addition, there appeared a wider diffraction at 8=20.1° which correspond to crystalline peaks of
PVDF (Stolarska et al., 2007). This also results proved well with the same result of the XRD obtained by many
researchers such as (Li et al., 2010; Stolarska et al., 2007).
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Figure 2. XRD Analysis C90PVdF-HFP10 electrode

In Figure 3 (a, and b), FESEM images of 100 % CPCMWCNTSs sample electrode with 90 % CPCMWNTs and
10 wt.% of P(VdF-HFP) were shown. Pure CPCMWNT exhibits regular, entangled and smooth surface
morphology with an average outer diameter of ~30 nm and length of several micrometers. The few larger tubes
that were cited in the FESEM structure indicate that the original MWCNT has been oxidized thereby resulting in
the enlargements of the tubes. However, the FESEM image in Figure 3 (b), although was clearer, but it's not as in
Figure 3 (a), which is as a result of the addition of 10 % binder into the composition of the electrode. This could be
seen even more clearly in Figure 4, where the FESEM images of CPCMWCNTs were taken at different
magnifications of (a); 3.6 mm x 50 k (1 pm) (b); 3.6 mm x 100 k (500 nm) and (c); 3.6 mm x 150 k (300 nm).

On the hybrid polymer electrolytes parts, Figure 5, first show the FESEM images of HSPE containing 50 wt. % of
both PVA and H;PO, at a magnification of (a); 3.5 mm x 35 LM (1.00 mm) (b); 3.5 mm x 150 LM (300 pm) and (c)
3.5mm x 300 LM (100 pm). The entangling nature of the surface of the image was a clear indication of the
presence of the filter paper. Except in a few spots, all over the surface of the polymer look unique as the Watman
filter paper was coated with composites of both PVA and H;PO,. The same can also be said to Figure 6. However,
in Figure 7 where the FESEM images of HSPE with the content of 70 wt. % of H;PO,4 30 wt. % of PVA and at a
magnification of (a); 3.5 mm x 35 LM (1.00 mm) (b); 3.5 mm x 150 LM (300 pm) and (c¢) 3.5mm x 300 LM (100
pum). There appear some obvious changes in the surface morphology. Several places spotted seem to have openings
almost everywhere, indication of flaws in the coating. This could result in obtaining a lower capacitance as, the
contact between the electrode and the electrolyte could only lead to leaving wider pore sizes that are not in good
contacts to each other. Lastly, Figure 8 depicts the FESEM images of C90PVdF-HFP10 electrode overlapped on
HSPE containing 60 wt. % of H;PO4 40 wt. % at the magnifications of x 45 k (1.00 um). The image was taken at an
angle of 30° in order to see the boarder where the electrode and electrolyte interface. Here it can be deduced that,
the thinner the electrode the better, so, thicker electrodes will only result in higher internal resistance.
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Figure 3. FESEM images of 100 % CPCMWCNTs (a); and (b); sample with 90 % CPCMWNT and 10 wt. % of P
(VdF-HFP) showing average diameters of the pore sizes. The magnifications of the two samples were 4.3 mm x
150 k and 3.6 mm x 150 k respectively
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Figure 4. FESEM images of CPCMWCNTs showing C90PVdF-HFP10 electrode at a magnifications of (a); 3.6
mm x 50 k (1 pm) (b); 3.6 mm x 100 k (500 nm) and (c); 3.6 mm x 150 k (300 nm)
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Figure 5. FESEM images of HSPE containing 50 wt. % of both PVA and H;PO, at a magnification of (a); 3.5 mm
x 35 LM (1.00 mm) (b); 3.5 mm x 150 LM (300 pm) and (¢); 3.5mm x 300 LM (100 pum)
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Figure 6. FESEM iages of HSPE containing 60 wt. % of H;PO4, 40 wt. % of PVA at a magnification of (a); 3.5
mm x 35 LM (1.00 mm) (b); 3.5 mm x 150 LM (300 um) and (c); 3.5mm x 300 LM (100 pm).
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Figure 7. FESEM images of HSPE contamlng 70 wt. % of H3PO4 30 wt. % of PVA ata magnlﬁcatlon of (a); 3
mm x 35 LM (1.00 mm) (b); 3.5 mm x 150 LM (300 um) and (c); 3.5mm x 300 LM (100 pm)
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Figure 8. FESEM images of C90PVdF-HFP10 electrode overlapped on HSPE contalmng 60 wt. % of H;PQ,, 40
wt. % at the magnifications of x 45 k (1.00 um) and an angle of 30°

3.2 Thermogravimetric Analysis (TGA)

The thermogravimetric analysis (TGA) was carried out on the scale-range of 50 °C to 1000 °C under nitrogen gas
(N,) flow at a heating rate of 10 °C min™' on a METTLER, STAR® SW 10.00 thermal analyzer in line with our
previous work (Hashim et al., 2014). The thermal stability of the samples was discerned in Figure 9. The Figure
were (a); 0 % sample (Background) (b); pure CPCWMCNT (c) C90PVdF-HFP10 — Single scale (d);
C90PVdF-HFP10 — Double scale.

Before beginning the experiment a background heating was conducted in order to pave way with any ruminant
residue and for re-calibration. Trace in Figure 9 (b) shows that, the pure CPCWMCNT experience a major loss of
just 11.0719 % occurring at 611.76 °C leaving a residue of 87.9109 %. This result shows that, the pure MWCNT
have very good thermal stability and consequently, good in application for electrochemical devices. While in
Figure 9 (b and ¢), it can be noticed that, when the active materials were all incorporated in a single electrode, three
losses were then recorded. The initial loss of 2.5224 % of the total samples occurs at 307.24 °C, then the second
loss of 5.9640 % was observed at 449.5 °C and the highest loss of 11.629 % was noticed at 708.84 °C. This shows
that, the introduction of active material to the pure CPCWMCNT will work well in the supercapacitor fabrication
process.
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Figure 9. TGA of the electrode at (a); 0 % sample (Background) (b); pure CPCWMCNT (c); C90PVdF-HFP10 —
Single scale (d); C90PVdF-HFP10 — Double scale

3.3 Electrochemical Behavior

The electrochemical behaviors of CPCWMCNT were investigated by cyclic voltammetry (CV) and CD
measurements using two-electrode system. Figure 10 shows a CV of Cell —A (C90PVdF-HFP10 HS50|
C90PVdF-HFP10) at (a); scan rates of 10, 50 and 100 mV; 3 V- voltage window (b) scan rate of 50 mV; 1 V —
voltage window. It can be discerned that at a scan rate of 50 mV and 1 V- voltage window, the EDLC curve look
more rectangular in shape. The specific capacitance of the electrode materials obtained in the two-electrode system
was calculated by integrating the CV curves in Figure using the formula;

¢, ==

sp

(M

S

Where i is the current difference, m is the mass of the electrode and s is the scan rate.

It could be obtained that the specific capacitance is 30.1 Fg ', 13.5 Fg™', and 11.2 Fg ' for scan rates of 10, 50 and
100 mV, respectively. This gives an explanation of the relationship between the capacitance and scan rate. The
specific capacitance decreases from 30.1 Fg 'to 11.2 Fg ' which could be attributed to the slow transfer of ions on
the electrode electrolyte interface (Shu et al., 2013). It can also be due to the un-uniformity of the coated filter
paper by the electrolyte as vindicated in the FESEM analysis.

Furthermore, Figure 11 also shows CV of Cell -B (C90PVdF-HFP10 [H60| C90PVdF-HFP10) at (a); scan rates of
1, 50 and 100 mV, 3 V- voltage window (b) scan rate of 50 mV; 1 V — voltage window. The specific capacitances
obtained in this cell were 60.1 Fg™',28.0 Fg ' and 21 Fg' for scan rates of 10, 50 and 100 mV respectively. These
results almost double that of cell-A which might be attributed to the increase in ionic conductivity in the polymer
electrolyte of the HSPE. And Last but not the least, is the Figure 12, depicting the CV of Cell -C
(C90PVdF-HFP10 |H70| C90PVdF-HFP10) at; (a) Scan rates of 1, 50 and 100 mV, 3 V- voltage window, (b) Scan
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rate of 50 mV; 1 V — voltage window. This result represent weakest of all the three cells with the lowest
capacitance delivery of 24.0 Fg', 5.6 Fg'' and 2.9 Fg ' obtained for the scan rates of 10, 50 and 100 mV
respectively. It can be recalled that FESEM analysis of HSPE of this cell shows the poorest coating of the
electrolyte as a result very high internal resistance recorded. Table 1 gave a summary report of the capacitance
obtained in all the three cells and Figure 13 (a) summarize the capacitance performance in the combined graph of
capacitance against the scan rates for Cells A, B and C while Figure 13 (b) revealed the cyclic performances of
cell-A (C90PVAF-HFP10 |H50] C90PVdF-HFP10), cell-B (C90PVdJF-HFP10 |H60] C90PVdF-HFP10) and cell-C
(C90PVAF-HFP10 [H70| C90PVJE-HFP10). Cell-B show a more stable capacitance at about 35 Fg ' up to 5000
cycles, however, both cell-A and C were shown to maintain their cycleabilities at around 10 Fg™' only. This
degradation is attributed the high internal resistance that both the cells exhibited.
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Figure 10. CV of Cell —A (C90PVdF-HFP10 [H50| CO0PVdF-HFP10) at (a); scan rates of 1, 50 and 100 mV, 3 V-
voltage window (b); scan rate of 50 mV; 1 V — voltage window
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Figure 11. CV of Cell -B (C90PVdF-HFP10 [H60| C90PVdF-HFP10) at (a); scan rates of 1, 50 and 100 mV, 3 V-
voltage window (b); scan rate of 50 mV; 1 V — voltage window

113



www.ccsenet.org/apr Applied Physics Research Vol. 6, No. 4;2014

SR100

SRS0 0.00025 -
SR10

0.0012 -

0.0002 -

0.0008 -
B ~ 0.00015 -

0.0001 -

current (A/cm sq.)
=}
\
w |g
current (A/em sq.)

0.0004 -
5E-05 -
1E-19 ! : .
/ 0.2 0.5 0.75
-SE-05
-0-0004 - _0.0001 J
voltage (V) voltage (V)

Figure 12. CV of Cell —-C (C90PVdF-HFP10 |H70| C90PVdF-HFP10) at (a); scan rates of 1, 50 and 100 mV, 3 V-
voltage window (b); scan rate of 50 mV; 1 V — voltage window
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Figure 13. Combined graphs of capacitance against the scan rates and cyclic performances for cells A, B and C

Table 1. Performance of Supercapacitor by the CV

Capacitance value of Different scan rates (Fg™)

Cells Working Voltage (V)

100 mV 50 mV 10 mV
A-C90H50 3 11.2 13.5 30.1
B-C90H60 3 21.0 28.0 60.1
C-C90H70 3 2.9 5.9 24.0
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Figure 14. CD graphs of (2); Cell-A (b); Cell-B and (c); Cell- C

Table 2. Performance of Supercapacitor by the CD

Cells Working Voltage (V) Cq(Fg') ESR (Qcm?®) Energy Density (Jg') (Jg's") Power Density
A-C90HS50 1.5 8.6-86.1 0.15-1.5 43.2-432.2 0.8-8.4
B-C90H60 1.5 7.7-76.7 0.2-2.0 38.8-385.3 0.6-6.3
C-C90H70 1.5 8.9-89.3 6.6-66.0 44.7-448.4 0.02-0.1

The galvanostatic CD test is considered to be an alternative and arguably better quantitative method to evaluate the
supercapacitive nature of an electrode material compared to the CV measurement (Shu et al., 2013). In this respect,
we determined the capacitance of the supercapacitor cell yet, using this method. In Figure 14, the CD graphs of (a);
Cell-A (b); Cell-B and (c); Cell- C were all depicted at a working voltage of 1.5 V and at three different current
densities i.e. 10, 20 and 100 mA. In addition to effective capacitance, power and energy densities were also
calculated using Equations 2, 3 and 4.

For effective capacitance,

oA
AV

Where i is the applied current and At and AV are the changes in time and current respectively. For energy and
power of the capacitance, we use the following Eqgs.;

@)

|
E = ECV 3)
VZ
= 4
4 mESR @

ESR denotes equivalent series resistance, m is the mass of the electrode and ¥ represents the applied voltage (or
voltage window). In cell-A, the discharged capacitances obtained were 8.60 Fg™', 17.71 Fg™' and 86.06 Fg '
respectively at an applied current density of 100, 20 and 10 mA; the calculated energy and power densities are
43.20Jg7'/0.84 Jg7's™', 86.42 Jg7'/1.67 Jg"'s " and 432.22 Jg '/8.37 Jg's " at the said current densities. In cell-B,
the discharged capacitances obtained were 7.67 Fg ™', 15.35 Fg ™' and 76.72 Fg ™' respectively at an applied current
density of 100, 20 and 10 mA; the calculated energy and power densities are 38.77 Jg '/0.63 Jg''s™', 77.54
Jg7'/1.26 Jg7' s7" and 385.31 Jg '/6.28 Jg~' s at the said current densities. And finally cell-C has the following
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results for the capacitance; 8.89 Fg ™', 17.80 Fg ' and 89.28 Fg ' respectively at an applied current density of 100,
20 and 10 mA; power/energy densities are 44.70 Jg '/0.02 Jg's™', 89.41 Jg '/0.04 Jg"'s™" and 448.40 Jg '/0.19
Jg''s™" at the said current densities. From the overall results, it can be observed that, the discharged capacitance
decreases with the increase in current density, which could be as a result of the low penetration of ions into the
inner region of the pores due to fast potential changes.

3. Conclusion

In this work, we have explored the noble of CPCWMCNT used as an electrode for high performance
supercapacitors using HPSE as a separator. Three cells were constructed and leveled as cell-A (C90PVdJF-HFP10
[H50] C90PVAF-HFP10), cell-B (C90PVAF-HFP10 |H60] C90PVdF-HFP10) and cell-C (C90PVAF-HFP10 [H70|
C90PVdF-HFP10) with changes in the separator. The XRD peaks of the sample electrode C90PVAF-HFP10
appeared in 6=26° and 6=43° which might be as a result of the hexagonal structure of (002) and (101) respectively,
which also indicates that the carboxyl multiwalled CNT have high conductivity. Again, a wider diffraction at
0=20. 1° which correspond to crystalline peaks of PVDF. TGA traces shows that, the pure CPCWMCNT
experience a major loss of just 11.0719 %, which occurred at 611.76 °C leaving a residue of 87.9109 %, which also
shows that, the pure MWCNT have very good thermal stability and consequently, good in application for
electrochemical devices. This result, even gets better when the active material was added. From the overall results
for the electrochemical analysis of the CV, cell-B delivered higher capacitance of 60.10 Fg 'doubling that of
cell-A, and tripling cell-C. Also in CD analysis with much lower voltage window of 1.5 V, cell-A delivered
slightly better than B and C with a balanced and better discharge capacitance of 86.06 Fg ' with higher
energy/power densities of 432.22 Jg'/8.37 Jg 's ! and lowest in terms of internal resistance.
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