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CHAPTER YV
CONCLUSION AND RECOMMENDATION

N3

This thesis described the fabrication of supercapacitor using three of
commercially obtained CNTs and hybrid polymer electrolytes. At firstugonductivity
studies were conducted on two different kinds of aqueous polymer elggrojytes (PSPE
and HSPE) in order to ascertain their extents of effective condu 'vm)r used in the
fabrication of the supercapacitor. Their preparation was e pr 'd m the
»
composition of PVA and H3;PO4, with the PVA samples kep stant Whil a’yi.@;‘x::
H3POsat 0 - 70 wt. % in the multiple of 10 (for PSPE) i me&gi ellub@vb'ﬁlter
&
paper (in order to obtain HSPE samples). Both PS%@ Sf’q S ed af&cellent of
256 x 10> Sem™ and 1.67 x 107 Sem™ respec%

optimum composition of 70 wt.%. Furth OD, er e \Irah}c&sults of the XRD
o Q
analysis carried out on both categories N sam eale&'ﬁemi-crystalline peak
NS

of the PVA decreases as the acid ence rat Lc ich in turns indicated that,
there is an enhancement in thw 1¢i

ion ncregsep.
'3 L 4
p i \OQ e saﬁ%&s responsible for the process
of ion transport. Furlhermc\%deg stal&éﬁ’y calculated from the XRD peaks
’

k
hese res werthained at the
\ £

revealed that, the lowgryhie grei of ta{l@, the higher the conductivity. Hence,
gy
the result wasinc wt with X

with the decrea%p rcentage crystalliﬁ%/. However of the 16 different samples (eight

each for :%and HSPE), three samples with the highest conductivity from HSPE

pattergydf the samples, as the XRD peaks decrease
N

were s€ for use in the fabrication process, they are H50, H60 and H60.

Secondly, after extensive studies of the, polymer electrolytes was conducted, a

fabrication of supercapacitor from three different commercially prepared Multiwalled
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CNTs namely CPCMWCNTs, CPHMWCNTs and CPNMWCNTSs. Within each of the

aforementioned CNTs, three cells were constructed. This brings the total number of

cells to nine.
This researcher was able to show detail fabrication processes of the g

type of CNTs (C PCMWCNTs) that three cells were constructed and label*cell-A
(C9OPVAF-HFP10 [H50] C90PVdF-HFP10), cell-B (C90PVdF-m [H60|
C90PVdAF-HFP10) and cell-C (C90PVdAF-HFP10 [H70| C90 #H1FP10) with
changes in the separator. From the overall results for the electroclcfgcal a‘alys's of the
CV. cell - C delivered highest capacitance of 313 Fg ! by goore than fol\?&\qﬂs

A and B. within a voltage window of 0.0 -1.0 V. This It, as tiofied er, 1S

Ry

attributed to the remarkable increase in conduct1v1t%ft elec use@) which

has the highest conductivity over H50 and &e) in the bl cell A and B

respectively. This was further proved by th@ analys\h?re c;é C shows perfect
N

linear characteristic implying a fomlat'@w ‘lectr Helg@c‘glyte interface with a
A

well-defined conductivity. In addi?,-no fu‘ui op @observed in the profile
(

delivering the highest specific capa;tan e JINLSF G0 %Q and a specific energy and

power densities of 76.50 \&\nd !00 i r@tively, and attained the overall

N
@)
columbic efficiency of@ ¢ :' 1)
O
clif that

Furthermor% thrge, y, )@}3 successfully fabricated from Hydroxyl
CNTs (CPHM Ts) and which v@;beled as cell-A (H9OPVdAF-HFP10 |H50|
H()OPVdF@ cell-B (H9OPVJF-HFP10 [H60| H90PVAF-HFP10 and cell-C
(H90RYdF- P10 |H70| H90PVAF-HFP10), cell - C delivered highest capacitance of
92 Fg 'also by more than 3 folds over cells A and B using CV analysis, measured within
a voltage window of 0.0 - 1.0 V. Furthermore, when measured by the CD analysis, this

cell shows a better linearity characteristic implying a formation of good
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electrode/electrolyte interface with a well-defined conductivity with a very little IR drop
observed in the profile, and delivering the highest specific capacitance of 99 Fg'and a

specific energy and power densities of 49.50 Whg ! and 0.13 Wg™! respectively, and

Finally, the same analysis was done to the Normal CNTs (CPNAMIQTS),

where three cells coded as cell-A (H90PVAF-HFP10 [H50| N9OPVdF-HW, cell-B

attained the overall Columbia efficiency of 92.5 %.

(N9OPVAF-HFP10 [H60| N90OPVdF-HFP10) and cell-C (N9OR -MFP10 |H70|

N9OPVdAF-HFP10) were fabricated. From the overall of the elec icz* analysis of

to be 90.2 %.

Overall, it can be seen that, cell-%& caﬂ)oxy ! dypépihe CNTs delivered

the highest capacitance, energy and enitles r al@e remaining cells. It was
(
already stated that, the introduc surfage_caubgxyl Bfoups can create more than

3 times larger capacitance&e\ the'incr sed ophilicity of MWCNTs in an

N
aqueous electrolyte. T@, ,ﬂs?l}'bd.gﬁe of the possible factors for its

| ) &
outstanding capam% ? A 4\

Here, it important to add %‘3:8 a typical supercapacitor, the performance
of the CN@Supercapacitor is closely related to the physical properties of the
CNTsasuc specific surface area. However, it is clear that the specific surface area
is not the sole dominant factor in the performance. The capacitance of the CNTs is

affected by various factors, including specific surface area, pore size, pore size

distribution, conductivity, etc. Only by optimizing these factors can improve its



performance. This can be noticed from the three as-prepared CNTs used in this work.
Although their specific area are the same (~ 43 m?g™"), their differences in the outer

diameters and most importantly the conductivity of the electrolytes used ?

influenced their performance. \

5.1 Recommendations
The research that we led on this topic raised some interesting questiowt}y need to be
answered so as to further improve our understanding of C sYa' double layer

capacitor electrode.

- During this research, we successfully fabricated CNT trodeg| whi 'we&' 11
commercially obtained. We though developing o C@s' will
definitely enhance our understanding of how 1t’s er aracu.,%ncs might
also reveal out to us.

- Aluminum foil and Perspex used4 asa l q,;séﬁttmg roles. Their
2l
t ca nd

low cost and wide familiarity of the&
N

suggest relatively easy industriajfand ademlL}Dtpn owever, due to a variety
1ght

u with these materials

P s

of applications, need to consi oth fs s¢y be a welcome idea.

- The electrolyte SQ s SP 1ch are made from a mixture of
: f—:
H3PO4 and PVA, bo 1ffe:?e ntggs ratio. Introduction of the IL into this
mixture might co in ob{ax $)301t0r of higher capacitance.

llh sh (e specific capac1t}‘;3€s of the supercapacitors showed promising

results, Wel and energy densities did not really reach our target. This is un-
(!

connec h the aqueous electrolytes used. It is a known fact that the electrochemical

window of this type of electrolyte is 0.0 — 1.2 V. In view of the above, it is part of future
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plans to employ other types of electrolytes that can have more electrochemical windows

for consequent improved power and energy densities.
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