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CHAPTER 111
METHODOLOGY
In chapter 11, a review of the related literature was highlighted in detail. Th mr
first, discussed the historical transformation of capacitor to supercapa 'bt then
proceeded with the highlights on the basic principles of capacitor. L it explained
the polymer and it’s significant in the fabrication of supercapacitonwz?y.the chapter

concluded with the review of some selected litera esiwith regards to

polymers/separators and electrode materials used in fab on ofys c1tor In

this chapter, detail experimental procedures on how t}@olytes n edtr.&ﬁ}were

formed will be discuss. Y
3.1 Sample Preparation of Composite PVA/EWElec?‘ol

Both PSPE and HSPE can also be served as S ato &aQors fabrications.

The electrolytes were prepared as follo acH ma rlals@mprxse of H3PO4 and
1quid,

A.&‘% as a polymeric matrix,

allowing ionic transport whllflmu neous,y fu ct]o as a separator between the
Ltor.

water, molar mass of 98.00

PVA. The HiPOs functions as an 10

electrodes of the supercap

g/mole, product, numb ot 02- obtal d in aqueous form from R & M

marketing, Essex, LQ' d &) \@(molecular weight; 89,000-98,000, 99+
ngmw& drich.

% hydrolyzed) 1ned I

The %s@e of the aqueouﬁ?ectrolyte is its higher conductance (0.8 S cm’!
for the fact that purification and drying processes during production are
qunguompare to other types of electrolytes. Again, aqueous electrolytes are
known to be cost effective than organic electrolyte. Both H;PO4 and PVA were used as-

received without further treatment or purification.
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An aqueous solution of PVA is 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
H3;POs was then mixed with the PVA aqueous solution in the ratio of 10%\.10,

80:20, 70:30, 60:40, 50:50, 40:60 and 30:70 wt.% for PSPE and HSPE ﬂ&las been

summarized in Tables 3.1 and 3.2). Vq

Table 3.1 Table Showing the Overall Formation of the PSPE Pre n
Coding Measured quantity PVA  Measured quantity of at'lo of PVA to
in distilled water (g) H3POs (g) 4 v e 3PO4
PO 2 0.00 o 00,0

P10 > 0.22 é ! _@0
P20 2 0.50 b 4 X380:20

V
P30 2 0.% N {\Y' 70:30
P40 2 1(};) 1 & 60:40
P50 2 N N _\O 50:50
P60 2 (') 00 ? & 40:60
0 S

P70 2 4.¢J L 2 30:70

g

N

Table 3.2 Table Showing the @Ver lcorma on ¢t theq¥$PE Preparation
Coding Measured quantity Measst ulhg{y Ratio of PVA to
in distilled watﬁ (g) | on (,é_} H3PO4

HO 2

H10 %\ ¢ " Q‘é) 90:10
H20 D l L0 80:20
H30 Aé s "v),o Yg\o.ss 70:30

1\ ?'\} 0.00{5 100:0

H40 2 \c}’ 1.33 60:40
H50 \ 2 2.00 50:50
H60 ‘é 2 3.00 40:60
HQ b 4.67 30:70
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In order to vary the percentage of the H;PO4 used, the following formula was

”7><100%=x% \Q’”
n+2

Where x is the percentage of acid require (0, 10, 20, 30, 40, 50, 60, andﬂ&.%), and
n is the value of H3PO4 in grams. i
The mixing is done in a drop-wise manner with magnetivng at 60 °C for

about one hour or thereabouts until it completely tu h no%solution

(transparent in this case). , .G}Y.
R\
The mixture is then allow to cool down to an am t temperatuge. Thq-esulting
N

homogenous solution of PVA/H3POs is cast ovega pl¥stic sh. @o this, the

Petri dish was scraped off the dust using awa)aked in oné‘he PVA/H3PO4
solution solidifies onto the Petri dish a o%n cu@% ?b QQ.,\— 4 weeks at room
(]

temperature. Prior to that also, a ceKe iltempape (W @m brand) is cut into a
AN .

6 ¢cm x 5.5 cm and soaked in a egt?ﬂfth' afo ICS d solution.
asilQ;

The solid layer was e eeleQ ot 4ke Petri dish after it dries as a
\es o&@id l@ formed in this procedure can be
‘ \ N O |
controlled depending % cgm tl&a}‘ﬂlave been mentioned above and also
Q’ 4 N
depending on wh% is hypdd #Fjth ﬁl@paper) or non-hybrid (without filter paper)
Y-

(in this case,  0.009  0.02 mmg'he resulting polymer film was then put in the

by

freestanding layer. The t

Te
o

plastic b%wafe keeping and to avoid contamination from the surrounding, for

furtlagr profjeerty analysis.
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Fig. 3.1 displayed a prepared solid and hybrid polymer electrolyte before its peel

off from the Petri dish.

ion
Conductivity measurements were rrieQ &0y, the solid and hybrid polymer
electrolyte films which ar&}om !)se all t@ifferent percentage ratio of PVA-

o

| :
as f@hlighted by Khiar & Arof, (2010). The

H3POs an impedance 1®w ctfa
O
e

solid polymer filghs e sgadwi ) b@:en a stainless steel, ion-blocking liked

measuring dem’&therwise known a{‘g\z:obe), each of surface area 2 cm? in radius.
The wpfdance measurements were carried out by using Electrochemical

Impgdanc ectroscopy (EIS) testing machine named HIOKI 3532-50 LCR Hi-Tester

which was connected to the computer. The frequency range of the software was 50 Hz

- I MHz, and simultaneously calculating both real and imaginary impedance.
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The electrical conductivity of both PSPE and HSPE samples were calculated

using;

- R:A .{‘)QZ)

where 7 is the conductivity of the sample, ¢, R, and 4 are the thicKess, the bulk
resistance and area of the samples respectively. The thlckneiv e sample was

measured twice at different positions of the polymer fil av@as taken
using digital micrometer. I v \Y'
? S
3.1.2 X-Ray Diffraction Analysis é
V
X

ow@;nd unique

The crystal structure analysis was conducted by

technique that can be used to determine th St llne pha @m the material

and to measure the structural properties s strain g \j%lze epitaxy, phase
n =

composition, preferred orientation, ect stuctun tﬂer RD can also be used

to measure the thickness of a thlnw andfmu : atomlc arrangements in
amorphous materials (polymerlh @oz face (Toney, 1992).

The crystal stru a al 's 0 he R polymer electrolyte films was
examined by a Phlll@‘\ -riy ?z!céim(ejter (XRD) with Cu K, radiation of

. N\
wavelength 2=1. Qh fo’vjles @een 10° and 80°. The XRD analysis was

Y-

%

carried out o the PSPE and H ilms. Furthermore, the degree of crystallinity
(%) ot the sa s using the following equation,
100 d
( cn's GIH(JI') (3‘3)

n 1

ons
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where C, expresses the degree of crystallinity [%] defined by Segal and coworkers, /
gives the maximum intensity of the peak corresponding to the plane in the sample at a
2-theta angle of and /.., represents the intensity of diffraction of the am

material, which is taken at an angle in the valley between the peaks of all@’nple

XRD. A

3.1.3 Field Emission Scanning Electron Microscope (FESEM) nalx

Field Emission Scanning Electron Microscope has been reliable ?ﬁﬁmem machine

ro ucq\c'l?er less

+ 4 i 3 1 ’

electrostatically distorted images with spatial resolution tfat could bd 3 t ?me‘q&'tter
lu

than conventional SEM. In this analysis, an ultra-high tiop ) FE?EM (SU
V

8030 a family member of SU 8000; Resolugjon ®ap '\of 1@3; /15 kV,

1.3 nm/l kV and abling magnification froi@o 2,000,

Both PSPE and HSPE films have bee d us1 R h xre

X) }@Sbeen selected.

@mﬂcatlons

)

3.1.4 Differential Scanning Calorl %
Differential Scanning Calorim tly, SC s a m lys1s technique that looks
E'a '
at how a material’s heat capacity ({p) 1 1 ngégmperature In DSC, a sample of
known mass 1s heated o } a an7 n its heat capacity are tracked as
| , ! (/
changes in the heat {ltwaThis hlIOwg4e ftion of transitions like molten, glass

transitions, phasu s. agtl Supe (Gu&uls & Moselhey, 2012).

The umal analysis v&@éarried out using the DCS machine (Mettler
Toledo D@l with Star software) under N> atmosphere with 10 °C/min heating
rate @lo 300 °C in order to observe the crystalline and semi-crystalline behavior
of the whole samples.

Samples for DSC measurements were prepared from several tiny rectangular

pieces. cut from the polymer film to a mass ranging from 1.98 -24.24 mg for PSPE and
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7.08 — 19.82 mg for HSPE. The temperature range studied was —40 to 200 °C. The
heating/cooling rate was 10 °C/min.
3.2 Sample Preparation of Electrode Materials Y.

Three different types of powdered commercial MWCNTs were selected fo%\

These materials are;

(a) Carboxyl, with the specifications; -COOH content of 0: c %, an o

ork.

uter

diameter of > 50 nm, length of 10-20 um, purity an sQre both >95 wt. %,
and <1.5 wt.%, respectively, surface area of >40 1 dc n&,&w of >10°

»
Sem procured locally from Malaysian market (w ateria cod i 20),

(b) Hydroxyl, with the specifications; -OH cont .7% oute.de'iameter
' oth, Q5 wt.%, and

of > 50 nm, length of 10-20 um, ”‘c

<1.5 wt.%, respectively, surface area

Scm™'. obtained locally from :ﬁhiaa% mésmaterial code MHS

“ &
11/202) and YC} ]¥ \A‘Q
ation

(¢) Normal CNTs with th i : cotedt @.71 wt.%, an outer diam
' s &
of 25 nm, length omum, Pu\an

d Asé-(e both >95 wt.%, and <1.5 wt.%,

| \ A :
respectively, s are ot. > ’ c)@’conductwny of >10%Scm!, and was
also obtain alfy fr@]1 1 arket (with material code SM 2/2/102).
’

~130.000 , product number of 427160) was purchased from Sigma Aldrich.

%

Being ‘MgQ-Polymer which possesses dual properties of amorphous domains (HFP),

capable OF trapping large amounts of liquid electrolytes, and crystalline regions (VdF),

P(VdAF-HFP) can provide chemical stability and sufficient mechanical integrity for the

processing (Lim et al., 2012). Furthermore, its electrochemical stability

and
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performance, processability and safety make them very unique for the usage as a binder

in the fabrication of supercapacitor cells.

The cells for the double layer capacitor were fabricated from each of th?ee

aforementioned commercial CNTs. Thus each of;

(1) 90 wt% of a commercially prepared carboxyl multlwallm CNTs

(CPCMWCNTs) and 10 wt.% of P(VdF-HFP), \’z

(i1) 90 wt.% of a commercially prepared hydr l% Itiwalled CNTs

(CPHMWCNTs) and 10 wt.% of P(VdF-HFP \d

(i) 90 wt% of a commercially prepar 0 al ' a‘e&"\gl.\l’l"s
(CPNMWCNTSs) and 10 wt.% of P(VdFYn NK 1n51®d 20 ml of
the acetone (as shown in Fig. 3.2). $

The resulting slurry was cast onto th hnnu IT vz\allowed to dry for

about two hours at room temperature% o tifht, a pli was used to smooth

&

the poured slurry with the view t e g1 0 tain @ desired thickness which

%

was around 0.127 mm (ﬂ:0.0% e lat ej,lth ried sample was then further

subjected to heat in an oﬁover‘ng a te rature of 100 °C. Afterward, the

&
solid films were obtai N thgn fu tu@&d 2 cm? x 3 cm? each.
@

The weigl t 1? € 1 cas by means of a micro-balance (Santorius,
Ax 224) with %cy of 0. OOl m e average weights of two electrode films that
make a ce approxxmately 0. 224 g (£0.002). Using a Perspex of about 5 cm x
4 um@s Iting cell was set up by sandwiching two electrodes films with a single

electrolyte film and finally, assembled in an innovative supercapacitor tester (see Fig.

33
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v
Active Materials z '
(MWCNTSs + PVDF-HEP \d_

{4

Carboxyl

(CPCMWCONTs+PVDE-HEP)

)
\ \,Y'

v
L

y
C90PVDF-HFP10

A

/7

L&ormal

MWCNTs+PVDEF-HFP)

N9OPVDF-HFP10

Figure 3.2 A simple chart, showing the sample preparation and cell assembly.
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n of the fabricafed‘sw ci

The following symmetric capacitor cells w ssemb

FigI;:{S.} Cross-sectio

S

(a) For CPCMWCNTs;

Cells: Cell A - COOPVINTF

| HS0 | HOOPVDF-HFP10
| H60 | HOOPVDF-HFP10
| H70 | H9OPVDF-HFP10

Cell A - N9OPVDF-HFP10 | H50 | N9OPVDF-HFP10
Cell B - N9OPVDF-HFP10 | H60 | N9OPVDF-HFP10
Cell C - N9OPVDF-HFP10 | H70 | N9OPVDF-HFP10
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3.2.1 X-Ray Diffraction Analysis

As mention earlier in the electrolyte preparation, even for the electrode, the XRD
spectra were obtained with an XRD (Philip X'Pert XRD with Cu K, radia f
wavelength 2=1. 54056 A for 26 angles between 10° and 80°) that used Cu Yit::n
(/= 1.5406 A) operating at 40 kV and 30 mA. A

3.2.2 Field Emission Scanning Electron Microscope (FESEM) Y'

The surface morphologies of all electrode samples were mvestlg, 1a FESEM (SU
8030 a family member of SU 8000; Resolution capability 3 nm/ 1

kV and abling magnification of 80x to 2,000,000x).

.{v\
3.2.3 Thermogravimetric Analysis (TGA)

ke :
\ Y\}.
The thermogravimetric analysis (TGA) was ca le- ra@of 50 °C to

1000 "C under nitrogen gas (N2) flow at a M)ate of 10 minOﬁ% a METTLER,

STAR® SW 10.00 thermal analyzer in li ur p% r]QHashlm etal.,2014).
é |} ,

3.2.4 Electrochemical Behavior {?

AN

. . Ny
The electrochemical behavior gf thyge for ,16 n@ and CD were respectively

carried out using a newer battery ¢ ger as‘g mterfaced to a computer called

“e-machines™ (model: E \{ 3 1 12 -240 Vac, 6/3.15 A (6/3, 15 A),

|
60/50 Hz) and Gamr 1 me Fra1 Wgrkc)T e specific capacitance of the electrode
Y
materials obtaing tw de tem was calculated by integrating the CV
curves usmg\tAlatlon: 'S’
i Q= (3.4)

sm

where 7 is the current difference, m is the mass of the electrode and s is the scan rate.
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However, the effective capacitance obtained from each CD profile is is

calculated using the following equation;

. Y
G, =i— -\Q 5)

where C. stands for effective capacitance, i is the applied current an&dvAV are the

changes in time and current respectively. While power an en densmes were

obtained using the relations earlier stated in the previous ¢ r. Mo e&o\hd lumblc

efficiency is calculated using the following equation; ¢ ' i—,
F
? E\z-
n="0100 C}' W (3.6)
L \
S D
where 14 and 1. represent the time of ¢ and Qisc ng ectively.

&
3.3 Chapter Conclusion \ %\A
This chapter highlighted the ental ocjl‘rle \br the overall supercapacitor

el ere s%to be fabricated using the three
9

ter, the results and discussion of the

Qé( all cells will be communicated.

7y
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