CHAPTER 1
INTRODUCTION

The disproportionate usage of fossil fuels in order to earn a living and ﬂ%g.zgy
requirements has grossly affected the globe, causing climatic change due ﬁkiramatic

increase in the CO2 emission (i.e. Global warming). Hence, in order t§decrease our
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current dependence on environmentally harmful fossil fuels, thvty has to move

toward pursuing sustainable and renewable resources. At @nt@hers and

academia have focused their attentions on renewable dgergy producti ,ro'n\Y(ﬂar

energy and wind energy, even though, these natural enefgs are su jecyto th{e\imatic
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r lectri®®y when it is
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él(hlar, 2011; Inagaki
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al eﬁ% by accumulating the
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charge from electric double l%%wh 1s }au @trostatic attraction. In this
cap

&& rtiodl;é}‘&b the electrode surface, i.e., the

conditions. So, it is very imperative to devise a ggean fﬂf

available and retrieving it when needed (Li el 2013).

Supercapacitors, also known as acit \xu
]
et al., 2014a) or power capacitors, & ectrothemi

case, the capacity of the super

electrochemically active\u&,e

|
2013; Jiang et al., 7(% Elegtrochr niab(D?uble Layer Capacitors (EDLCs) are
N

OI,

w1 ions are attracted, (Gund et al.,

-

possible to be 1‘u®d Ane,di @ar@n seconds. Although their energy density
(about 5—10&) 1s lower than ir@t’teries or fuel cells, higher power density (10
Whkg ™) %&ached in a short time (Choi et al., 2012). The most attractive advantage
of EML{Cs ¥ a high power capability (Domingo-Garcia et al., 2010; Ayad et al., 2011;
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 charge-discharge cycle (CD) cycles.

Basically supercapacitors can be represented by two distinct mechzw

describing them: (i) EDLC and (ii) Psuedocapacitor. EDLCs store gt \arge
electrostatically following a reversible adsorption—desorption cycles of, ectro!yte ions

onto active electrode materials. These active materials miwt only be

electrochemically stable, but also have accessible large surf: a% and with no any

Faradaic reaction at EDLC electrode. The surface storage ery fast
L

energy uptake and delivery, and better power %nanc. H \&f:\f}vt.he
physicochemical process and electrode polarization ¥ C oug& apply
high energy devices. On the other hand, pEWpam

Faradaic reactions. Chemically modified cm i

Q
iQ 2012; Inagaki

et al., 2014b; Inagaki et al., 2014c; Inagllg e 1"@ $indg &t al., 2014e), metal
“« Q-
oxide, (Paul el al., 2012) and condu® olwsiel&b'al., 2012) are used as
NS
electrodes. In case of pseudocz%it%, the sfabilyy fo cycling is relatively poor,

co ed to EDLCs. Furthermore, the

though, their energy densiticsgre ré a@*
response time is longer K&)L se i(’?‘(es longer time to move electrons

|
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during the redox rea@oi { alw? l{)@ough supercapacitors can be regarded

as “still evolvinu’% e argabgkr @ energy containing and powerful devices,
= @

they have sir\ able to address the increasing needs of electronic (cell phones,

digital a% etc., industrial (uninterruptible power supplies, grid conditioning,
wind@mes, etc.) (Wuet 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.,

2014a). 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., 2013b) are gaining increasing st
in the field of lightweight, ultrathin energy management devices K%\arable
electronics (Dubal et al., 2012). So far most of the current supercapac&ses liquid
electrolyte which could have a side effect on the environment in%w its hazards,
corrosiveness, self-discharge, low density and even the ho si?ﬂhe cell after the

sealing of the electrolyte could also be another issue ( o Ol3c Thus, this

®
research focused on the cell fabrication from a solid @r elecgolyt rla(@gm a

R\
combination of two different types of polymer eleqol namly; pire SQJM' polymer
electrolyte (PSPE) - using Polyvinyl Alcohol :&a\tho sph&id (H3PO4)
- and hybrid solid polymer electrolyte (HSN 1acom tion@ VA, H3POs4 and
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a filter paper, at different percentage rag®® G}&
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Although supercapacitors n‘& co ng ers and transition metal
N

oxide provide higher speciﬁc%%ance tifan c|r(@lical double layer capacitors
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(EDLCs), their poor rate&pa 1 M itant @f,%ts and low conductivity, their

-

academic and induslri@s b @Hmit ~The excellent chemical and physical
’ :' (.)
properties of caer m;eria sugh\as lt conductivity, relatively low cost, high
surface area, ¢ % tem;(exhﬂ?fstab@. and good corrosion resistance make them
A\ -4
valuable cagdid®®s for the electro*é?s of EDLCs, which holds true especially, for
graph n%carbon nanotubes (CNTs), which possess the largest theoretical and
expomguegtal surface area (Wang et al., 2013a). Also, these CNTs, especially
multiwalled CNTs (MWCNTSs) 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). Functionalized CNTs are said to be stable for long-term stora

soluble in aqueous solution, have low toxicity, while increasing more reacti%\ eir
surface walls (Mittal, 2011). Most importantly, when CNTs are functi wged, their
pore sizes will be widened up, thereby increasing the chances of ionic pe¥gtration at the

NV

electrode-electrolyte interface of fabricated supercapacitor (Vvoijdonk et al,

2013). é !
T,

In order to reduce the toxic effect to the enviro t and §s in tjtartg,

R\
different types of functionalized MWCNTs (Carboxy] anMHydrg& re %Etted for
the purpose of fabrication of the supercapacgr. a*iitl to &nentioned

- (—;n -3
functionalized CNTs, Normal CNTs was alsw for the r1c. All the CNTs

| . . N .
were obtained commercially. Despite t tha e réad advancements In
[} ¥,
{

; S20 e i “ ;
supercapacitor fabrications amongs\ rese ers glo@ to the best of this
i

N N
researcher’s knowledge, this is Ee Wne Lfymp i o@ween a functionalized and
Tsdire

non-functionalized types of CN c'. ication of supercapacitor, and

using varied percentage \&s (5

\ :
electrolyte. % l
1.1 Research O V, :s ’ b-),‘

70\ %) of cellulose (Hybrid) polymer

NV
The aims andK tves of this thesis,\‘alich had begun more than three years ago are;

(a) a means of understanding the ways of increasing the huge potential
atJSupercapacitor possess; such as high power density, longer cycle life,

environmental friendliness and energy storage device robuster.



(b) To investigate the conductivity performances of two different types of polymer
electrolytes namely; PSPE - using PVA and H3PO, - and HSPE from the blends
of PVA, H3POs and a cellulose filter paper, at a different percentage rati?ﬂﬁ
to come up with the best formation that can be used as a s%\r in

supercapacitor fabrications. N

(c) To fabricate and characterize supercapacitors from electrod%ge from three

ar?ﬂ Hydroxyl and

gh s' coggluctivity

commercially prepared multiwalled CNTs namely;

Normal CNTs using the polymer electrolytes wij
L ]

obtained from (b) above, and make comparison which dmon tlje s&?ed
R\

electrode compositions deliver the most outstan®mg cagagitagfe, gx?fgy and

power densities. V \ g
1.2 Significant of the study \) )

During the period of research wh'u%arestwh\*r‘i :
? (|}

made to first, design separators mad\ solidsgure gnd 3&&' hybrid electrolytes of
it i ™ \Y d
different percentage ratios. These se?ﬂ)rs ere dps gg@om the blend of PVA an
‘ E (
H3PO4 for pure solid polymer electrgliyte; and® : ﬂ&-@ with a cellulose (filter paper)
for hybrid solid polymer e& €. &rth ore, ghpercapacitors were fabricated from
\

three different types ofc%\cizjypr ,r! NTs namely, Carboxyl, Hydroxyl and
Normal CNTs. The % c}llb.e}b- h@apacitance and reasonably lower internal
'

resistance and mosS\importantly, portabl@,'ﬂx;ndling compared to other types of capacitors

\
especially xé&)m activated carbon (AC) or those capacitors that uses liquid polymer

clectrolé

As mentioned above, one of the significance of this work is its uniqueness in the

*

as

way it is conducted. Here is why, even though research on supercapacitor fabrication

using CNTs and other material as electrode material received an overwhelming



breakthrough globally, to the best of this researchers knowledge, this is the first time a
certain comparisons between a functionalized and non-functionalized types of CNTs
are selected for the fabrication of supercapacitor, and using a varied (50, ?ﬂ
70 wt%) cellulose (Hybrid) polymer electrolyte. For this reason, it is thou@ this

work will answer some questions as regards to the behavior of the capAe of the

capacitor, energy and power density using these types of CNTs and %‘ electrolytes

of varying conductivities. T

1.3 Limitation of the Study

{ 2
This work is particularly limited to the fabrication %rcapa tors 7t ,K%E- all

commercially obtained. However, certain examinations stheh as figld egfssiongeanning

V
S (T(%‘B;nd X-ray

er @-Validate their

electron microscope (FESEM) and Thermogravggmg¥ic

diffractometer (XRD) were carried out on\

specifications outlined by the manufact t%
éw b

and HSPE, the supercapacitor fabriw\

paper) type of the electrolyte with tmhes\,con A% ly. This is because, in the
cona % g

course of obtaining the highest ctlvﬂ{’\a

PVA, though could form &\u '&@ex’ be used as an electrolyte film in
: .

the supercapacitor fabr@ Infths afd, (tJ s suggested that, incorporating in the

NS
PVA a sort of supgog Wll m fnechﬁcal strength of the electrolyte to improve

Y
remarkably t giving room -i&l) more weight percentage of acid to be

accommo@d this could lead to a higher electrical conductivity of the polymer
electiglyte. Yashim & Khiar (2011) used a cellulose to obtain an optimum electrolyte
70 wt% used for the fabrication of EDLC using activated carbon electrode. Hence, it
was observed that, at the above optimum percentage concentrations, the highest

conductivity of the electrolyte and its desired flexibility was reached.



1.4 Outline
This section will outline, the classification of electrical energy storage devices such as

batteries and supercapacitors with respect to their primary characteristics wgll be
t

presented. Chapter II will give a review of the previous literatures as 0
supercapacitor fabrication, CNTs and polymer electrolytes. The chaptex%rts some
major contributions to the field of CNTs and supercapacitor fabricatioRFased on the

carbon nanotube and polymer electrolytes. Chapter 111 discussv@ethodological
e

procedures carried out in order to achieve the stated objec ce{ec&pter will

describe experimental steps taken to produce both electrojytes ald elfctrageth#t Wguld
I _$

be used in the fabrication of the supercapacitor. ChaptéMy will l}y owj all IQP. esults

V
and discuss them accordingly. Therefore, in this hapz, the \Iﬁng fapQations and
characterizations of commercially prepare\%) Ts &’CMWCNTS),

xyl
Hydroxyl MWCNTs (CPHMWCNTSs) an%nalws MWCNTs) using
HSPE as separators will be discuss%nsi gly. a'pteé} will summarize the
contributions of this research. SuchY}but)tr%g:l A the conductivity studies
of the solid polymer electro@bot aﬂéd(j) PE) with reference to the
percentage ratio of PVA a@)‘;;@cati@ high power and energy densities
supercapacitors from @W H??QA@QNTS, and CPNMWCNTs. Finally,
15358
nyfiertd

chapter VI will di %w g b} a,@ns that ought to be considered for future
§Q 'Y
challenges. (_})
N

L5 Chapte%i mary
In this ¢ . an overview on the supercapacitor; its definition, a brief mechanism

classification and principle of operation was introduced. The chapter also introduces the

=
o

w

aims and objectives of carrying out this research, then it highlights the significant and

some of the limitations of this study. In the next chapter, a general review of the related



o2]

literature detailing much on the principle of operation of the supercapacitor will be
presented. It will further review the electrolyte and electrode (especially the CNTs)

types used by previous researchers in the fabrication of the supercapacitor. Y-
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