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ABSTRACT

Nowadays, supercapacitor has been widely used in many applications. Therefore,
this research is conducted to synthesize self-crosslink polyaniline (PANI) hydrogel
grafted with rice husk fiber electrode for supercapacitor. Also, this research also
study the effect of rice husk fiber on water absorbency capacity and conductivity of
the hydrogel. Polyaniline (PANI) hydrogel usually synthesized using cross-linkers
which greatly impair the electrochemical properties of hydrogel. Eliminating the
cross-linkers in synthesizing the hydrogel helps increase its electrochemical
properties. Rice husk waste are abundantly dumped and causing environmental and
disposal issues. Hence, it is benificial it in other useful application. Sol-gel method
was chosen to synthesize the hydrogel by using ammonium persulfate (APS) as
initiator, aniline hydrochloric as precursor and gelatin. Five samples of hydrogel
were synthesized with Owt%, 1.5wt%, 3wt%, 4.5wt% and 6wt% of rice husk fiber
content. The resulted hydrogels were characterized by Fourier Transform Infrared
(FTIR), Differential Scanning Calorimetry (DSC) and Thermogravimetric Analysis
(TGA). Water absorbency capacity test was conducted by soaking the resulted
hydrogel in water for 24 hours. While conductivity test was determined using DC
conductivity measurement. The highest water absorbency capacity was hydrogel
with 3 wt% rice husk which obtained 96.4% absorbency. The conductivity of
hydrogel decreased when rice husk content increased but within a small range from
3120 pmm t0 3306 p T S.@& . Thus, the self-crosslink Polyaniline (PANI)
grafted with rice husk fiber hydrogel was successfully synthesized using sol-gel

method.
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CHAPTER 1

INTRODUCTION

1.1  Background of Research

Supercapacitor is a high-capacity electrochemical capacitor. Instead of long
term compact energy storage such as memory backup for static random-access
memory and short-term energy storage or burst-mode power delivery, supercapacitor
has been used in applications that require a lot of rapid charge and discharge cycles
[1]. Supercapacitors use electrostatic double-layer capacitance or electrochemical

pseudocapacitance or combinations of both.

For this project, the material for the electrodes is changed to hydrogel
consisting of self-crosslink polyaniline (PANI) as conductive polymer and grafted
with biomass waste fiber. Hydrogel is a network of polymer chains that are
hydrophilic, sometimes as a colloidal gel in which water is the dispersion. Hydrogel
is highly absorbent and consists of porous structure with three-dimensional networks.

Hydrogel can be embedded with conductive polymer to form a conductive hydrogel

[2].

Polyaniline (PANI) hydrogel is a combination of hydrogel and conductive
polymer. Due to the unique electrochemical properties of polyaniline (PANI) and
porous three-dimensional (3D) structure of hydrogel, it possessed a good potential in
electrochemical energy storage field. Commonly, PANI hydrogel is synthesized by
two methods. The methods are implanting PANI into non-conducting polymer [3]
and use various cross-linkers. However, there is a new method called self-crosslink
method. Self-crosslink PANI hydrogel is synthesized without using any cross-

linkers. The advantage of this hydrogel is that its electrochemical properties is not

1



limited by the non-conductive cross-linker. It has been proven in a study that self-
crosslink PANI hydrogel is a very good material for electrochemical energy storage
application as electrode due to its fast electrochemical response, high specific
capacitance and low electric resistance [4]. The main purpose of this project is to
synthesize conductive hydrogel from self-crosslink PANI and rice husk. Rice husk is
waste material from rice mill process. Rice husk is abundant in Malaysia and used as
fuel to generate energy. However, rice husk may be used in other applications as
biomass fiber. Thus, this project study the effect of the content of biomass fiber on

water absorbency capacity and conductivity of the resulted hydrogels.

1.2 Problem Statement

Supercapacitor is commonly made up of two porous carbon electrodes held
closely together which charge and discharge quickly. Supercapacitor made of these
electrodes has high power and cycle ability. However, it has a low energy density
which means it can store small amount of electrical energy only [5]. Thus, the
material of this electrode need to be changed to improve the capacitance and energy
density.

As a conducting polymer, polyaniline (PANI) is a good material as it is
cheap, high conductivity and easy of synthesized [6]. PANI hydrogel, the
combination of the conducting polymers and hydrogels, might provide favorable
approaches for electrons, charges and ions because of both conjugated structures
existed in the PANI backbones and porous framework of the hydrogel. However, the
existence of the non-conducting cross-linkers would greatly impair the
electrochemical performances of the resulting PANI hydrogels because the additional

cross-linkers cannot contribute to the pseudocapacitance of the whole devices [4].

Rice husk is a waste resulting from the milling process of paddy rice. This
waste are commonly being used as burning fuel and turned into ash. The ash contains
about 85 to 90% silica which is non-degradable. In 2010, it is estimated that about 37
million rice husk ash can be obtained and in would pose a great threat to environment

where it damages the land [7].



1.3 Objectives of Research

This project will be conducted to develop a supercapacitor hydrogel. There
are three objectives to be achieve in this research. The first objective is to synthesize
conductive self-crosslink polyaniline (PANI) hydrogel grafted with rice husk fiber.

The second objective of this research is to characterize the resulted hydrogel
using Fourier Transform Infrared (FTIR), Differential Scanning Colorimetry (DSC)
and Thermogravimetric Analysis (TGA).

The last objective of this research is to investigate the effect of rice husk fiber
content in the hydrogel on water absorbency capacity and conductivity of the

resulted hydrogel.

1.4 Scope of Research

The materials that will be used for this research include aniline hydrochloric
acid as precursor, ammonium persulfate (APS) as initiator, hydrochloric acid as

hydrogel purifier and rice husk as biomass fiber.

The resulted hydrogels from this project will be characterized by testing it
using Fourier Transform Infrared (FTIR), Differential Scanning Calorimetry and
Thermogravimetric Analysis (TGA). The conductivity will be tested using DC
conductivity measurement and water absorbency capacity will be calculated based on
the equation by Ge and Wang [8].

For this project, sol-gel method will be used to produce the hydrogel. Sol-gel
synthesis method is to “dissolve” the compound in a liquid in order to bring it back

as a solid in a controlled manner.



CHAPTER 2

LITERATURE REVIEW

Supercapacitor is a high-capacity electrochemical capacitor. Supercapacitor is
used for energy storage undergoing frequent charge and discharge cycles at high
current and short duration [1]. A conventional solid dielectric of ordinary capacitor is
not used in supercapacitor. Instead, supercapacitor use electrostatic double layer
capacitance or electrochemical pseudocapacitance or the combination of both.
Electrostatic double layer capacitance use carbon or activated carbon as electrode
while electrochemical pseudocapacitance use metal oxide or conducting polymer as

electrode.

Table 2.1 shows the advantage and limitation of supercapacitor. Several types
of electrodes have been tried and most are based on the electrochemical double-layer
capacitor concept. It is carbon-based, has an organic electrolyte that is easy to
manufacture and is the most common system in use today. However, the use of
conducting polymer and hydrogel as electrode has emerge as one of the promising
future electrode for supercapacitor. The material of supercapacitor electrode is

further discussed below.

Table 2.1 Advantages and Limitations of Supercapacitor

Advantages Limitations
1 Can be cycled millions of time 1 Low specific energy.
1 High specific power; low resistance 1 High self-discharge  which
enables high load currents higher than most batteries
1 Charges in seconds. Did not require 9 High cost per watt
end-of-charge termination




2.1  Hydrogel

Hydrogel is a network of polymer chains that are hydrophilic, sometimes as a
colloidal gel in which water is the dispersion. Hydrogel is highly absorbent where it
can contain over 90% of water and natural or synthetic polymeric networks. It also
has porous structure and three-dimensional networks which make it a potential
material in huge applications. Hydrogel can be made as a conductive hydrogel by
embedding conducting polymer into aqueous gels by physically compositing or
forming co-networks [2]. However, this hydrogel conductivity performance is
limited due to the presence of non-conductive host matrix or leaching out of

conducting polymer when the hydrogel network swells.

Figure 2.1 shows the structure of hydrogel. The polymer is cross-linked
forming a porous structure. The cross-link is normally created by using cross-linkers
such as non-conductive polymer. Water molecules can be absorbed and stored in
between the porous structure of hydrogel. Besides water molecules can also be stored

in between the porous structure such as ions and solvents.

«—— Solvent

Cross-links

Polymer

Cationic ionizable groups Anionic ionizable groups

Figure 2.1 Structure of Hydrogel



2.1.1 Conductive hydrogel

In 2014, Yun Lu had synthesized elastic conductive polymer hydrogel from
polypyrrole (PPy) using fast reaction and slow reaction in sequence. The elasticity of
the hydrogel was very good as it can be compressed by more than 70% and
recovered to its original state in 30 seconds. However, the original sponges exhibit
many macro pores with the diameter of about 10 um, which will inhibit the electrical
transport. Besides, the electrical resistance of the hydrogel was affected by gel
compression where it decreased gradually and the gel is compressed as what Figure
2.2 illustrates [2].

L = | T
T /i/
1;/1 /I

0 20 40 60 80 100

Figure 2.2 Graph of Change of electrical resistance of the PPy sponge sensor
with the compression ratio

ARIR, (%)

In another research, Xing and co-workers had prepared nitrogen(N), sulfur(S)
co-doped graphene hydrogel by using thiocarbohydrazide as reducing and doping
agents in aqueous solution. Based on field emission scanning electron microscopy
(FESEM) and high resolution transmission electron microscopy (HRTEM), it can be
seen in Figure 2.3 that the hydrogels have porous structure and 3D network. This
hydrogel electrode has long-term cycle stability and good electrochemical
reproducibility. However, when the number of cycle increased, the capacitance of the
hydrogel electrode decreased. This is due to the loss of pseudocapacitance resulted

from some unstable functional group [9].



Figure 2.3 FESEM image of NSGH (left) and HRTEM image of NSGH (right)

2.2 Polyaniline (PANI)

Polyaniline (PANI) is a widely used conductive polymer. PANI provides a
good service as a pseudocapacitive material. This is due to its high theoretical
specific capacitance, low cost, high conductivity and ease of synthesis. It has a
theoretical capacitance of 750 Farad per gram (F/g) with an assumption of 0.5 dopant
per polymer unit and 0.7V potential window [6]. Besides, it exists in a variety of
reversible protonation and oxidation forms, differing for electrochemical, optical or

electrical properties [10].

2.2.1 Polyaniline (PANI) Supercapacitor Electrode

PANI-graphene nanofiber composite film of supercapacitor was prepared by
Qiong Wu. The conductivity of the film is 5.5 x p 1tsiemens per meter (S/m), high
capacitance of 210 farad per gram (F/g) at 0.3 ampere per gram (A/g) and it has good
stability that high capacitance can be maintain after 800 charging/discharging [11].

A fabrication of manganese oxide nanorods—PANI composite for
supercapacitor and the composite performance test was successfully done by
Nirmalesh and Selladurai in 2015. Manganese oxide nanorods distributed over
polyaniline (PANI) network was prepared by one step facile synthesis condition. The
pH of the reactant solution was tuned using sulfuric acid. Based on Figure 2.4, for
the composite material, PANI decompose at temperature between 280°C to 600°C
and at temperature above 800°C the manganese dioxide composition decomposed.

7
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Figure 2.4 Thermogravimetric curve of Composite Material

In FTIR spectra of manganese—polyaniline composites skeletal vibrations of
PANI was observed along with two sharp peaks at 533 cm—1 and 579 cm—1
characteristics of antisymmetric stretching mode of the MnOG6 octahedra. Based on
Field Emission Scanning Electron Microscope (FESEM) images in Figure 2.5,
manganese-polyaniline composite was composed of manganese oxide cylindrical
nanorods and PANI fiber like network. It was found that nanorods were oriented in
random directions. However, with increase in PANI content or decrease in
manganese concentration in the composite, it was found that current density of the
composite decreased due to the overlapping of PANI over MnO2 nanorods [12]. This

has reduced the active sites available for charge storage.

o) ) 'y r o .“ . ; ) | .’
—* % __)t.:" " A i PES

Figure 2.5 FESEM images of manganese oxide nanorod-PANI composites
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In 2015, Elhalaway and co-workers conducted a research on synthesizing,
characterization and electrical properties of polyaniline/gold and/or platinum core-
shell nanocomposites [13]. The core-shell nanocomposites was a success based on
images of scanning electron microscope (SEM) in Figure 2.6. The particles are

highly branched and have taken the tree shape forming clusters groups.

Figure 2.6 SEM images of polyaniline/gold (left) and polyaniline/platinum
(right) composites

The FTIR results also showed the presence polyaniline/gold and
polyaniline/platinum composites. Both have the almost the same peaks where
polyaniline/platinum composite peak is slightly shifted. In the Thermogravimetric
analysis (TGA), it was found that the composites were thermally stable but only until
the temperature of 200°C and 210°C for polyaniline/gold and polyaniline/platinum
composites respectively. Above the temperature, the composites will be completely

decomposed. Figure 2.7 shows the diagram of TGA results.

105 105 -
100/ - PAN/Au 100} DG TLTIN PANI/Pt
90 90
80 elta Y=70.506% 80 \
70 70 Delta Y=61227%
e £
- 60 = 60
2 ; 3 i
g L - 7 e CE- s Peak=506.52 °C
\ / [ Peak=41024 °C / Area=9.645%
40 \ f ¥ Area=17.516% 40 A .
30| : — 30 \ )
20 \ {x’ 20 v Delta Y=28.991%
10 Delta Y=28.688 10
0 0
4 5
%o 100 200 300 400 500 600 50 100 200 300 400 500 600 700
Temperature (°C) Temperature (°C)

Figure 2.7 Thermogravimetric Analysis diagram of both composites
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2.3 Self-crosslink polyaniline (PANI) hydrogel

A research had been made by Guo and co-workers on synthesizing self-
crosslink polyaniline (PANI) hydrogel electrodes for electrochemical energy [4]. In
this study, oxidative coupling reaction was used to synthesize the hydrogel by using
ammonium persulfate as initiator and aniline hydrochloric salt as precursor. Figure
2.8 shows images of self-crosslink polyaniline (PANI) structure where a porous

three-dimensional structure of polyaniline (PANI) is formed.

Figure 2.8 SEM images of self-crosslink polyaniline (PANI) hydrogel

Based on the Fourier Transform Infrared (FTIR) spectrum, PANI was present
in the hydrogel in the form of emeraldine salt. The specific capacitances of the PANI
hydrogel electrodes are greatly dependent on its doping level. The higher the doping
level, the higher the specific capacitance. The density of the hydrogel also play an
important role. The viscosity and mechanical strength depends on the density of gel.
The higher the density, the higher the viscosity and mechanical strength. However,
when the density adds up to 140 mg/ml, the PAni gel starts to become heterogeneous
and reflect fragile properties because of the polymerization process is too quick to
send out calorie during polymerization. Overall, the self-crosslink polyaniline
(PANI) hydrogel has a fast electrochemical response, a high specific capacitance and

a low electric resistance.

2.4 Rice Husk

Rice husk is the outermost layer of the paddy that is separated from rice
grains during the milling process. Rice husk is available in abundance, low cost and
high content of carbon. The annual production of rice husk worldwide is about

1.2 x 108 tons [14]. As a rice-producing country, Malaysia contributes tonnes of
10



paddy rice. About 20% of the paddy rice produced is composed of rice husk [15].
Rice husk in Malaysia are mostly used as burning fuel and the resulting as is sold as
fertilizer. It is also being used as animal’s feed by grounding it with broken rice.
However, a lot of rice husk waste are not manage properly due to its enormous
amount causing damage to land. Therefore, another applications can be used to fully

utilize rice husk.

A lot of research about supercapacitor electrode from rice husk activated
carbon has been made. Rice husk was converted into activated carbon by potassium
hydroxide (KOH) activation. Rice husk activated carbon consists of porous structure
and exhibits high surface and pore volume characteristic. Besides, it had a higher
specific capacitance and longer cycling life than other biomass carbon materials [16].
However, rice husk fiber was never used in a research related to electrical energy. It

was only used as a material to produce carbon.

11



CHAPTER 3

METHODOLOGY

3.1 Research Outline

Aniline Ammonium Rice Husk

Hydrochloric Persulfate Fiber
Salt

Hydrogel

Testing

. Differential
Fourier

Scannin
Transform g

Infrared (FTIR) Calorimetry

(DSC)

Water

Absorbency bC Thermogravimetric

Capacity Conductivity Analysis (TGA)
(WAC) Measurement

Figure 3.1 Research Outline
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Gant Chart
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3.3 Materials

There are five materials that was used to synthesize the hydrogel. The main
materials are aniline hydrochloric salt as precursor, ammonium persulfate as initiator

and rice husk as waste fiber. Table 3.1 below shows the materials and its function.

Table 3.1 Materials and its function

Material Function

Aniline  Hydrochloric | Precursor
Salt
Rice Husk Waste Fiber

Ammonium Persulfate | Initiator
(APS)
Distilled Water (DI) Solvent

Hydrochloric Acid Act as purifier

Gelatin Increase gelation

3.4 Procedures

The procedure in synthesizing the hydrogel is divided into two, preparation of

rice husk fiber and synthesis of hydrogel.

3.4.1 Preparation of rice husk fibre

Figure 3.3 Flowchart preparation of rice husk fiber

14



3.4.2 Synthesis of hydrogel

{Solution 1}
Aniline
hydrochloride +
Gelatin with weight
ratio 3:1 was
dissolved with

8 distilled water

Solution 1 was
stirred for 20
minutes at 80°C
using magnetic
stirrer

Rice husk was
| added when gelatin
completely
dissolved and
continue stirring
Q

0.2M HCI was
added into solution
1 during stirring

{Solution 2}
APS was dissolved

with distilled water
and placed in ice- |
water bath

Hydrogel formed in

30 minutes and left

in ice-water bath for
1 hour

After stirring,
solution 1 was put
into ice-water bath

Hydrogel was
successfully
synthesized

Solution 1 +
Solution 2 with
vigorous stirring
until dark color
appear

Figure 3.4 Flowchart synthesis of hydrogel



3.5  Testing

3.5.1 Fourier Transform Infrared (FTIR) Spectroscopy

Fourier Transform Infrared (FTIR) spectrum was recorded on PerkinElmer
Spectrum Version 10.4.4 between 4000 and 450 A |

3.5.2 Differential Scanning Calorimetry (DSC)

Differential Scanning Calorimetry testing was done using equipment DSC
Q2000 V24.11 Build 124. The parameter used are -50°C as starting temperature,

250°C as end temperature and 20°C per minute as heating rate.

3.5.3 Thermogravimetric Analysis (TGA)

Thermogravimetric Analysis (TGA) analysis was conducted to analyze the
thermal stability of the hydrogel. Weight percent loss was recorded with respect to

increasing temperature.

3.5.4 DC conductivity measurement

DC conductivity measurement was conducted by mounting hydrogel with
aluminium plates. The resistance of the hydrogel was recorded using multimeter. The

conductivity is calculated using equation (2).

3.5.5 Water Absorbency Capacity (WAC)

Dry hydrogel was weighted and soaked into water for 24 hours. After 24
hours, the hydrogel was weighted again. Water absorbency capacity (WAC) is

calculated using the formula:
Absorbency (%) =—— pmmth 1)

Where @ = weight of swollen resin and W= weight of dry hydrogel [8].
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CHAPTER 4

RESULTS AND DISCUSSIONS

4.0 Introduction

This chapter will show the results obtained and will be discussed in detail.
Two tests were conducted to examine the electrochemical properties of the hydrogel,
water absorbency capacity test and conductivity test. The sample were characterized
using three tests which are Direct Scanning Calorimetry (DSC), Thermogravimetric

Analysis (TGA) and Fourier Transform Infrared (FTIR) spectroscopy.

4.1  Water absorbency capacity

Water absorbency capacity (WAC) test was conducted by soaking the sample
for 24 hours. Each sample were weighted before soaking into water and set as initial
weight. After 24 hours, the sample was weighted again and set as final weight. The
water absorbency capacity test were calculated using equation (1). The results are

tabulated in the table below.

Table 4.1 Weight absorbency capacity (WAC) result

Rice husk weight Initial weight, W | Final weight, W’ WAC
percent 0
(Wt%) ©) ©) percentage (%)
0 2.0386 3.675 80.27
15 1.9834 3.708 86.9
3 2.989 5.781 96.4
4 1.9887 3.785 90.4
6 1.678 2.764 64.7
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Based on Table 4.1 above, the percentage of water absorbency capacity
increased from 0 wt% to 3 wt% of rice husk content. However, the percentage
decreased a little at 4.5 wt% rice husk content and decreased sharply at 6 wt% of rice
husk. The trending of the water absorbency capacity of the samples can be seen in

figure 13 below.

RICE HUSK WEIGHT PERCENT (WT%) VS
WATER ABSORBENCY CAPACITY (%)

96.4

[EY
o
o

95 90.4
90 86.9 1

85 80.3
80
75
70
65
60
55

50
0 1 2 3 4 5 6 7

RICE HUSK WEIGHT PERCENT (WT%)

64.7

WATER ABSORBENCY CAPACITY (%)

Figure 4.1 Graph of rice husk weight percent (wt%) vs water absorbency
capacity (%)

Hydrogel have a porous structure thus it able to absorb and store water or
ions. The presence of rice husk during the gelation of polyaniline hydrogel helped
increasing the size of the pore in the hydrogel structure. Thus increasing the ability of
the polyaniline hydrogel to absorb and store water or ions. That is why it can be seen
from Figure 4.1 above that the water absorbency capacity of the samples are

increasing as the rice husk content are increasing.

However, the water absorbency capacity started decreasing when the rice
husk content is 4.5 wt%. This is due to the excessive amount of rice husk during the
gelation of polyaniline hydrogel that it disrupts the porous structure of the hydrogel.
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The porous structure of the polyaniline hydrogel might be blocked by the excessive
amount of rice husk. Hence, the ability of the polyaniline hydrogel to absorb and
store water or ions is reduced. It can be concluded that the optimum rice husk content
is at 3 wt%.

4.2  Conductivity

The conductivity of the samples was calculated using the formula in equation
(2) below. The sample were mounted between two aluminium plates and the
resistance of the sample was measured. Using the resistance recorded, the
conductivity of the hydrogel was calculated. The table 4.2 below shows the results of

the conductivity test.

#1 1 AODAGEIOE 60U (2)

Table 4.2 Results of conductivity test

Rice Husk Weight Area Thickness | Bulk Resistancg Conductivity
Percent(wt%) (cm2) (cm) ( Q) (s.cml)
0 1 0.2 605 3.306 pm
1.5 1 0.2 621 3221 pT
3 1 0.2 629 3.180 p T
4.5 1 0.2 634 3.155 pm
6 1 0.2 641 3.120 p
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Figure 4.2 Graph of rice husk weight percent (wt%) vs conductivity (s.cm-1)

From figure 4.2 above, the samples showed result of increasing bulk
resistance when the rice husk content is increasing. Resistance can be potrayed as a
block that inhibits the movement of electricity. Therefore, as the resistance increase
the conductivity will decrease. The presence of rice husk increased the resistance.
This shows that rice husk act as a resistance in the polyaniline hydrogel. This is

acceptable as rice husk does not have the property of conducting electrical energy.

However, this is not much of a concern as the difference between the
conductivity of the samples were not big. The highest conductivity was 3.306E-04
s.cm-1 where rice husk content is 0 wt% and the lowest conductivity is 3.120E-04
s.cm-1 where rice husk content is 6 wt%. The trend of the conductivity of the
samples can be refer at Figure 14 above. The conductivity of all samples were within
the same range is due to the same amount of doping being used when synthesizing
the sample. Therefore, the presence of rice husk content will not affect the

conductivity in a big scale.
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4.3 Differential Scanning Calorimetry (DSC)

Temperature (°C) vs Heat Flow (W/g)
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Figure 4.3 Direct Scanning Calorimetry (DSC) curve

The equipment used in this testing was DSC Q2000 V24.11 Build 124 and
the method used was ramp method. DSC curve of hydrogel with 0 wt%, 3wt% and 6
wt% of rice husk content are shown in Figure 4.3 above. The Hydrogel with 0 wt%
curve showed a short exothermic peak at 0°C to 25°C that indicate the degradation of
PANI. A broad endothermic peak from 110°C to 165°C was also observed indicating

the evaporation of water.

The curve for hydrogel with 6 wt% rice husk content showed a similar trend
with 0 wt% curve but shifted about 4°C to the back. This might be because the
excessive content of rice husk made the hydrogel less thermally stable. However, 3
wt% rice husk curve showed a different trend that the other two curves. It is observed
that the 3 wt% rice husk hydrogel only gives a small broad endothermic peak which
is different than 0 wt% and 6 wt% rice husk sample. This might be due to only a

small amount of water evaporation.
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If compare the results with results obtained from research by Thanpitcha and
co-workers (2006) the peaks were in reverse. Endothermic peak was observed first
before exothermic peak. This is due to the evaporation of water in early stages and
then degradation of PANI [17]. Even though the results were in reversed, further
study can be made in the future to understand more the newly self-crosslink PANI
hydrogel grafted with rice husk and improve it.

4.4  Thermogravimetric Analysis (TGA)

Thermogravimetric analysis was conducted to determine the thermal stability
of the hydrogel. Three samples which are 0 wt% rice husk, 3 wt% rice husk and 6
wit% rice husk were analyze and their thermal stability curve were compared. Figure
4.4 below shows the TGA curves.
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Figure 4.4 Thermogravimetric (TGA) curves

Based on the Figure 4.4 above, there are three steps of mass degradation for
the hydrogel samples. The first step started from 30°C which is room temperature
and ends at 127°C. This is due to the loss of water in the polymer matrix. The second

step is from 128°C to 220°C where the elimination of dopant and degradation
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reactions. In previous study, the elimination of dopant and degradation reactions
were at temperature between 220°C and 270°C [18]. The third step is a very large
reduce of weight where it started from 250°C and ends at 360°C. The large reduce of
weight is due to degradation polymer chain matrix and rice husk. The hydrogel

samples were fully degraded from 370°C.

When comparing the samples, the curves trend are quite similar. However,
the weight loss were not similar. Sample with 3 wt% of rice husk was the most
thermally stable compared to 0 wt% and 6 wt% sample. However, 6 wt% sample was
less thermally stable than 0 wt% sample. Therefore, the presence of rice husk in the
hydrogel helps to increase the thermal stability of the hydrogel but excessive amount

of it would reduce the thermal stability.

45  Fourier Transform Infrared (FTIR) Spectroscopy
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Figure 4.5 FTIR spectra of rice husk fiber, PANI, and PANI + rice husk fiber

The chemical structure of product is measured by Fourier Transform Infrared
(FTIR) spectrum. The results were recorded on PerkinElmer Spectrum Version
10.4.4 between 4000 and 450 A . For PANI sample, two characteristic peaks
located at 3408 and 3217 A | which indicates amine stretching. A peak at 1547 and
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1402 A | corresponding to C-C stretching of benzene and quinone ring. Indications
of C-N stretch aromatic amines were found at peaks 1179 and 1055 A | 8These
peaks shows the characteristic peaks of PANI based on research by Guo and co-

workers [4] and Wang and co-workers [19].

For rice husk fiber sample, peak at 3401 A | indicates -OH and Si.OH
functional group. Meanwhile, peaks at 2926 and 1651 A [ corresponds to C-H
stretching of alkanes and C=O stretching of alkenes and aromatics respectively.
Functional groups Si-O-Si and Si-H were found at peaks 1050 and 798 A | . These
tally with the peaks identified in FTIR of raw and modified rice husk [20].

From Figure 4.5 above, the peak at 3408 A i  from PANI curve is shortened
at PANI + rice husk curve. This is due to presence of rice husk -OH and Si.OH
functional groups. Peak at 1648 A I  from PANI curve is also shortened at PANI +
rice husk curve where there is C=0 stretching of alkenes and aromatic functional
groups of rice husk. This shows that polyaniline (PANI) is grafted with rice husk
fiber.
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CHAPTER 5
CONCLUSION AND RECOMMENDATIONS

51 Conclusion

In this research, self-crosslink polyaniline (PANI) grafted with rice husk fiber
hydrogel was successfully synthesized using sol-gel method where no cross-linkers
were used, only gelatin was used to help enhance the gelation of polyaniline. The
resulted hydrogel shows a good water absorbency capacity where hydrogel with 3
wt% rice husk content recorded maximum percentage of 96.4%. From the
conductivity test, it appears that the conductivity decreased when rice husk content
increased. However, the difference between all 5 samples were so small that it could
be neglected. The conductivity reading of the samples range from 3.120E-04 to
3.306E-04 s.cm-1.

It can be concluded that from these 2 tests that hydrogel with 3 wt% rice husk
content gives the best electrochemical properties. The thermal stability of the
hydrogel were not too good as it started to degrade drastically at temperature as low
as 220°C. Further study and improvements can be made to increase all the properties
of this hydrogel. In a nutshell, all the objectives of this research are successfully

achieved.

5.2 Recommendations

In future research, it is recommended to do Scanning Electron Microscopy
(SEM) characterization in order to justify the porous structure of the hydrogel.
Besides, a new formula or ratio of the chemical in synthesizing the hydrogel need to
be study so that a more thermally stable hydrogel could be synthesized. A proper
testing for the conductivity of hydrogel also need to be conducted in future research

as there are limitations to measure the conductivity in this research.
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APPENDICES

a. DSC curve of hydrogel with 0 wt% rice husk
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b. DSC curve of hydrogel with 3 wt% rice husk
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c. DSC curve of hydrogel with 6 wt% rice husk
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e. FTIR of rice husk
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g. Figure of self-crosslink polyaniline grafted rice husk hydrogel
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