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ABSTRACT

The fabrication of TiO, - embedded - cross-linked chitosan microbeads
was successfully prepared. The obtained TiO,/Chitosan composite possesses
multifunctional properties i.e., to serve as a bio-adsorbent for the removal of toxic
metal ions and also as a photocatalyst in the degradation of organic contaminants.
Therefore the aim of this composite is to use in wastewater treatment especially in
textile industry where both of its functions can be utilized. To characterize the
photocatalytic property, the decomposition of indigo carmine under UV radiation was
employed. It was found that the model dye was decomposed up to 85.91% within
36 hours when 2 ¢ of 3 wt% - TiO,/Chitosan composite was used. The time required
to completely degrade the dye depended not only on the percentage of TiO,
embedded, but also on the amount of composite used as well. The more the
composite added, the faster the degradation process occurs. Moreover, the
recyclability of this photo-catalyst was also determined. The results showed that
this composite still maintained its photocatalytic efficiency even after three times of

reuse, when epichlorohydrin was used as crosslinking agent.  Furthermore, the
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(2)

adsorption and desorption behavior characteristics of the prepared composite were
investigated. The adsorption-desorption isotherm of Cr (VI) ions commonly found in
textile industry, of this composite was studied. The maximum Cr (VI) adsorption
capacity was achieved at 398.5 mg-g’. The results indicated the potential
applications of the prepared TiO,/Chitosan composite to be used as photo-catalyst
and bio-adsorbent.  This multifunctional composite is suitable for wastewater
treatment in textile industry where both organic compounds and toxic metal ions are

present.

Keywords: TiO,/Chitosan composite, photocatalytic degradation, bio-adsorbent,

adsorption isotherm, multifunctional properties
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CHAPTER 1
INTRODUCTION

1.1 The Purpose of the Investigation

The residual dyes from different sources of industries (e.g., textile
industries, paper and pulp industries, dye intermediates industries, pharmaceutical
industries, tannery, and Kraft bleaching industries, etc.) are widely taking into
consideration due to their toxicity. They are needed to be treated to remove those
toxic contaminants before discharging into natural resources [1-3].

Under the UV light or even normal light, these organic dyes can be
decomposed naturally but the process takes such a long time, which is not practical
and could not be waited. Various techniques and modifications have been used to
speed up this process. The simple and widely accepted technique is the use of
photocatalyst, especially the use of Titania (TiO,) for this purpose [4-6]. It has been
widely used in the photocatalytic decomposition of organic dyes due to it chemically
stable and harmless. The larger band gap, which is about 3.0 eV and 3.2 eV for those
forms of TiO, namely rutile and anatase, respectively makes this catalyst primarily
active under the exposure of UV radiation [7].

In addition to organic dye contaminants, heavy metal ions such as Cr (VI),
Cu (I) and Cd (Il) ions are also commonly found in wastewater collected from textile
industry. This type of contaminants is also considered as a treat to the environment.
Therefore, any treatment that can tackle these two issues at the same time would
be more suitable. It has been known that many bio-sorbents such as chitosan, and
sugarcane bagasse have the ability to adsorb those heavy metal ions to some
extents. So, the combination of TiO, and bio-sorbent could solve those two issues
mentioned above.

In this study, the system containing TiO, and chitosan were considered.
Chitosan was chosen due to its abundance, low cost, nontoxic and biodegradable

[10]. It is derived from various natural sources including exoskeleton of insects,
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crustacean such as crabs and shrimps, and cell walls of some fungi [11]. Chitosan,
the B—(1,4)—Unked polysaccharide of D-glucosamine, is a cationic biopolymer
containing two free and active functional groups i.e., hydroxyl and amine groups.
These two functional groups are also readily available for crosslinking [12-20]. The
most commonly used crosslinking agents include glutaraldehyde, epichlorohydrin
and triphosphate [21-26].

In this study, the fabrication of TiO, embedded-cross-linked chitosan
microbeads was considered. With the two active species, this composite could
tackle two issues found in the treatment of wastewater collected from the textile
industry. Under the exposure of UV radiation, the TiO, particles can act as the
photocatalyst to speed up the photodegradation process of organic dye
contaminants. At the same time, with the presence of chitosan, heavy metal ions
such as Cr (V1) and Cu (I) can be removed from the wastewater. The microbeads was
chosen as the form of these active ingredients instead of powder form due to their
ease to be recovered after usage. Therefore multiple uses of these microbeads were
also taken into consideration. To be able to be repeatedly use these microbeads
without any treatment, their stability under acidic condition needed to strengthen.
By crosslinking the chitosan molecules to some degrees, the microbeads become

more stable and could be used repeatedly.
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1.2 Objective

1.2.1 To optimize the condition for the decomposition of the Indigo
carmine using TiO,/chitosan microbeads.

1.2.2 To investigate the recyclability of TiO,/Chitosan microbeads as the
photocatalyst and bio-adsorbent for the treatment of wastewater containing Indigo
carmine and Cr (VI) ions.

1.2.3 To study the adsorption of Cr (V) ions of the prepared
TiO,/Chitosan microbeads.

1.2.4 To study the effect of Cr (VI) ions on the decomposition of Indigo

carmine.

1.3 Scope of the investigation

1.3.1 Only 2 wt% chitosan solution was studied. It was found to be the
most suitable concentration to easily form microbeads.

1.3.2 Three amounts of loaded TiO, particles (rutile form) including 1, 3
and 5 wt% were varied.

1.3.3 Two of crosslinking agents i.e., slutaraldehyde and epichlorohydrin
with two concentrations, which were 0.1 and 0.5 M were investigated.

1.3.4 To form microbeads, two needle size were used i.e., 16 and 20
gauge sizes.

1.3.4 The model wastewater was prepared and used throughout this

study containing 1000 ppm of Cr (VI) ions and 100 ppm of Indigo carmine.
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THEORY AND LITERATURE REVIEW

CHAPTER 2

2.1 Titanium dioxide as a photocatalyst

Among commonly known photocatalysts, Titanium dioxide (TiO,) has

been widely used and studied due to its non-toxicity, high stability and strong

oxidizing power [27]. Its large band gap enables it to be excited by UV light with the

wavelength below 415 nm or 385 nm in its rutile and anatase phase, respectively

[28-34]. The only drawback of using TiO, seems to be its limitation to be used within

the UV range. Therefore under normal light, its effectiveness is limited [31-34].

2.2 The principle of photocatalytic mechanism and dye degradation

2.2.1 Indirect dye degradation mechanism

The indirect heterogeneous photocatalytic oxidation mechanism

using semiconducting materials can be summarized as follows.

Photoexcitation

TiO, + hV(LV) —>
lonized of water

H,0 (ads) + h* (VB) ——>
Oxygen ionosorption

O, +e (CB) E—

Protonation of superoxide

O, (ads) +H" —
2HOO-: (ads) _—>
H,0, (ads) >
Dye + OH- _—>

Dye + h*(vB) —>
Dye+e (CB) ——>

TiO, (e (CB) + h* (VB)

OH- (ads) + H* (ads)

02_ (ads)

HOO- (ads)

H,0, (ads) + O,

20H:- (ads)

CO; + H,0 (dye intermediates)
oxidation products

reduction products
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Photocatalytic reaction is initiated when a photoelectron is excited from
the filled valence band to the empty conduction band as a result of UV radiation.
The excitation process leaves behind a hole in the valence band (h* (VB)). As a
result, electron and hole pair (e /h") is generated.

Then the photogenerated holes react with water to produce hydroxyl
radicals (OH-). The HO- radicals formed on the surface of TiO, particle are extremely
powerful oxidizing agent. It attacks adsorbed organic molecules causing them to
decompose to some extents depending on their structure and stability.

While the photogenerated hole (h* (VB)) reacts with OH to produce the
hydroxyl radical, electron in the conduction (ecg ) is taken up by the oxygen to
generate anionic superoxide radical (O, ). This superoxide ion not only takes part in
the oxidation process but also prevents the electron-hole recombination, therefore
maintaining electron neutrality within the TiO, molecule.

The superoxide 0, ) produced gets excited forming hydroperoxyl radical
(HO,) and then subsequently H,O,. The peroxide then dissociates into highly
reactive hydroxyl radicals (OH-). These reactions of oxidation and reduction
processes commonly take place on the surface of the photoexcited photocatalyst as

shown in Figure 2.1 [35].

0 _+IHY
2 (20:" == 2HOO" =3 H,0; —> 20H)

Dye
Reduction Products Condussion Band
e e Ae
Light Irradiation
|—) Dye =3 Oxidation Products
Dye
Valence Band OH+H/OH
Oxidation Products

H:0/0H

Figure 2.1 Pictorial representation of indirect dye degradation process [35].
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2.2.2 Direct dye degradation mechanism

Another mechanism of photocatalytic dye degradation can also
occur under visible light since it can adsorb visible light as well. This mechanism
involves the dye excitation to the triplet excited state (Dye*). This excited state dye
species is then converted into a semi-oxidized radial cations (Dye™). Due to reaction
between these trapped electrons and oxygen in the system, the superoxide radical
anions (O,) are formed. These anions later turn into hydroxyl radicals (OH:). These
OH- radicals are mainly responsible for the decomposition of the organic compounds

[35].

Dye + hV —> dye* (2.10)

Dye* + TIO, ——> dye* + TiO, (2.11)

Dyc* === Oxidation Products €= Dye

0, 20, + 2H ==3»| 2HOO: |==2 H,0, == 20H:

Dye*

Conductive band

Visible Light se—3p

LOMO - e—
Dye

Valence band

Figure 2.2 Pictorial representation of direct dye degradation process [35].
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2.3 Heavy metal adsorption isotherm

Chromium and its compounds are commonly found in plating, leather
tanning, dye, cement, and photography industries and considered as toxic pollutants
[36]. Two forms of Chromium ions include trivalent and hexavalent are considered
as environment threat [37]. By using adsorbent, these heavy metal ions could be
removed through the adsorption process. Adsorption is technique suitable for the
removal of low concentrations of pollutants from large volumes contaminated
water. Its equilibrium information is important to understand of how much ions can
be adsorbed by a solid adsorbent [38]. Adsorption isotherm is used to describe how
heavy metal ions interact with adsorbent materials such as chitosan with relate to
adsorption properties and equilibrium data.

For solid - liquid adsorption system, at equilibrium, a saturation point or
the maximum adsorption is reached where no further adsorption can occur. The
important of adsorption isotherm is to represent the relationship between the mass
of adsorbate adsorbed per unit weight of adsorbent and the liquid-phase equilibrium
concentration of adsorbate [39].

One of the well-accepted model of adsorption isotherm is Langmuir’s
isotherm describing the adsorption of adsorbate (A) onto the surface of the
adsorbent (S) which explains these three characteristics of the adsorption:

» The surface of the adsorbent is in physical contact with a
solution containing an adsorbate, strongly attracted to the surface.

»  The surface has a specific number of sites where the adsorbate
molecules can be adsorbed.

» The adsorption involves the attachment of only one layer of

molecules or atoms to the surface, i.e., monolayer adsorption.
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2.4 Literature Reviews

Indigo carmine (IC) is the most common chemical dye used as a model
dye for the study of decomposition of organic dye. The presence of this dye causes
the color change of water to deep blue even in very low concentration [45]. Many
researchers reported the Indigo carmine degradation by using TiO, as photocatalyst.
Various treatments such as UV radiation, ozonation, sonolysis and combined
methods were performed [46]. The maximum photodegradation of Indigo carmine
was reported up to 100% when the combination of ozonation and sonolysis were
used. Other organic dyes were also used as model dyes and studied. These dyes
included methyl orange, methylene blue, reactive black 5 and reactive red 239. The

summary of some studies were presented in Table 2.1.

Table 2.1 the comparison of dye degradation with various methods by using TiO,

photocatalyst.

Materials Methods Organic dyes %max Removal Time  Ref
TiO, Ozonation/Sonolysis  Indigo Carmine 100% 6 min [46]
TiO, Photocatalysis Reactive Black 5 97% 120 min
Reactive Red 239 96% 120 min [47]

TiO,/ Photocatalysis Methyl Orange 100% 360 min
Chitosan Alizarin Red 100% 360 min [18]

NP-TiO, Photocatalysis Methyl Orange 69% 120 min
Methylene Blue 73% 120 min [48]

NP-TiO, Photocatalysis Methylene Blue 91% 420 min
Congo Red 90% 570 min [49]

For the removal of heavy metal ions, many systems had been
investigated. Various parameters had been studied including type of heavy metal

ions and type of absorbents. Some selected data were in Table 2.3.
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Table 2.2 The comparison of heavy metal adsorption with various adsorbents

Adsorbent Heavy metals Maximum Adsorption Capacity Ref
Chitosan Cu(ln 1.76 mmol/g
Ni(l1) 1.03 mmol/g
Zn(ll) 1.3 mmol/g [52]
Pb(I) 13.05  me/e [40]
(D) 105  me/e [53]
Cr(VI) 35.6 mg/g [56]
Chitosan beads Cr(lln) 30.03 mg/g
Cr(VI) 76.92  mg/g [54]
Chitosan/ Cu(ln 35.46  mg/g
Epichlorohydrin Zn(ll) 10.21  mg/g
Pb(Il) 34.13  mg/g [40]
Chitosan/ Cu(ln 130.72 mg/g
Epichlorohydrin/  Cd(ll) 83.75 mg/g
triphosphate Pb(Il) 166.94 mg/g [53]
Aminated- Cu(ll) 1.52 mmol/g
MCM-41 Ni(Il) 0.8 mmol/g
Zn(Il) 0.83 mmol/g [52]
Purolite CT-275 Cr(VI) 89.29 mg/g
Purolite MN-500 Cr(V1) 126.58 mg/g [55]
SWNTSs Cr(VI) 203 mg/s
MWNTs Cr(VI) 2.48 me/g [56]
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CHAPTER 3
RESEARCH METHODOLOGY

3.1 Materials

3.1.1 Chemicals

Chromium (V1) oxide

Copper (II) sulphate

Ethanol

Epichlorohydrin

Glutaraldehyde

Indigo carmine

Long chain chitosan (90% deacetylation)
Sodium hydroxide

Standard Cr (VI) solution 1000 ppm

Titanium dioxide (Rutile)

3.1.2 Equipment
Inductively coupled plasma - atomic emission spectroscopy
Optical microscope

pH meter

UV/Vis spectrophotometer

Ref. code: 25605609033013TUF
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3.2 Preparation of TiO,/Chitosan microbeads with crosslinking agents

The 2 wt% chitosan was added to 0.5 wt% acetic acid then it was stirred
magnetically for 6 hours to obtain homogeneous chitosan solution. Various amounts
of added TiO, powder were studied i.e. 1, 3 and 5 wt%. Each TiO, batch was added
to chitosan solution and mixed well. The TiO,/Chitosan mixture was loaded into a
syringe with various needle size i.e., 16 and 20 gauge and injected dropwise into 3 M
NaOH dissolved in 1:2 volume ratio of ethanolwater mixture solvent to obtain
TiO,/Chitosan microbeads.  Finally, the obtained beads was soaked into 0.1 M
epichrolohydrin or glutaraldehyde and kept for a given time for the crosslinking

process.

0.5 wt% acetic acid in 200 ml,
E stirred 6 h.

g S~ - Y

16 or 20

gauge needles

10 ml Chitosan

2 wt% Chitosan solution
0.1 M Glutaraldehyde 3 h %‘
or 0.1 M Epichlorohydrin 3 M NaOH in
3 h. parameters ethanol solution

X wt% TiO,

% % powder in
E _ chitosan
E solution

Crosslinked TiO4/Chitosan TiO,/Chitosan
TiO,/Chitosan microbeads solution Where X: 1, 3
and 5 wt%
microbeads 0

Figure 3.1 The preparation of TiO,/Chitosan microbeads.
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3.3 Dye decomposition experiment and analysis

The 10 ppm Indigo carmine stock solution was prepared by dissolving 1 ¢
of indigo carmine disodium disulfonate salt in 1 liter of deionized water. From this
stock solution, 10 ppm dye solution was prepared. The fixed amount of
TiO,/Chitosan microbeads was soaked into 10 ppm dye solution. The obtained
mixture was stirred magnetically and irradiated by Philips TL 6W actinic BL UV lamp
for 36 hrs. The solution was sampled to determine the concentration of Indigo
carmine via UV-Visible Spectrophotometer. The concentration of Indigo carmine was
changed to 100 ppm for the study of the multifunctional properties of TiO,/Chitosan
microbeads with presence of Cr (VI) ions and was determined by above mentioned
method for the concentration of the remaining Indigo carmine.

6 W Philips TUV TL mini Lamp
10 ppm Indigo carmine at A = 253.7 nm

:—

Crosslinked TiO2/Chitosan microbeads
TiOy/Chitosan in Indigo carmine solution
microbeads

After treated UV Radiation

UV/Vis spectrophotometer solution process

Figure 3.2 The Dye decomposition experiment.
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The concentration of remaining dye is the measure of quantity presented
in the solution. This amount of dye was measured through UV-Vis

spectrophotometer. The dye degradation is presented by a first order equation as
C, = Cpe™ (3.1)

The percentage of dye degradation was calculated by,

% Degradation = [ — %]x 100 (3.2)
o
Where Cq is concentrations of dye in the solution before UV-exposure and
C, is concentrations of dye in the solution after UV-exposure, t is the time duration of

exposure, and k is degradation reaction rate constant. C, and C; are directly

proportional to the intensity of absorption peak of dye.

3.4 Heavy metal adsorption experiment and analysis

The 1000 ppm Cr (V1) stock solution was prepared by dissolving CrO in
deionized water and used as a model metal ion contaminant. The fixed amount of
TiO, / Chitosan microbeads was added to 100 ml of heavy metal solution. The
concentration of Cr (VI) was measured periodically via inductively coupled plasma -

optical emission spectrometry or ICP-OES.
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1,000 ppm Cr (VI) Collect sample at 10 min
e ion solution ) interval for 2 h.
 —— 2
Crosslinked Crosslinked
TiO,/Chitosan TiO,/Chitosan
microbeads microbeads in Cr
(V1) ion solution <

Characterized Cr (V1) -
PR
TiO,/Chitosan
microbeads

Inductively coupled plasma -

Optical emission spectrometry

Figure 3.3 The heavy metal adsorption experiment.

In addition, the adsorption isotherm can be calculated using Langmuir

isotherm. The Langmuir equation is given as

Opc

= 1+b Ceq (3.3)

qeq

Where Q° is the maximum amount of the metal ion per unit weight of
microbeads to form a complete monolayer on the surface bound at high Cg, (mg-gh)

and b is a constant related to the affinity of the binding sites, Q° represents a
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practical limiting adsorption capacity when the surface is fully covered with metal
ions and assists in the comparison of adsorption performance, particularly in cases
where the sorbents did not reach its full saturation in experiments. Q and b can be
determined from the linear plot of 1/Qeq vs. Ceq

Heavy metal adsorption capacity and percentage of metal ion removal

performance were calculated by equations as fellow:

Co—Ct

Adsorption capacity, q (mg-g™) = V (3.4)

Cy—C
Removal performance (%) = OC t.100 (3.5)
1]

Where C, and C; are initial and final concentrations of Cr (VI) (mg-L™), m is

the mass of adsorbent (¢) and V is volume of heavy metal ion solution (mL).

3.5 Multifunctional properties experiment and analysis

The mixture of 1000 ppm Cr (V) and 100 ppm indigo carmine was
prepared by dissolving 1 ¢ of CrO; in 1 L of deionized water, to get homogeneous
solution then adding 0.1 g Indigo carmine into 1000 ppm Cr (VI) solution. For each
experiment, 100 mL of obtained solution was used. The concentrations of Indigo
carmine and Cr (V) were determined by UV-Vis spectroscopy and ICP-OES,
respectively. The results will showed the influence of dye degradation and metal
adsorption of TiO,/Chitosan microbeads. The multifunction property experiment was

presented in figure 3.4.
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Multifunctional properties were analyzed by using both UV/Vis
spectrophotometer and ICP-OES. The samples were divided into 2 parts and
analyzed separately to acquired data. For UV/Vis spectrophotometer, samples’
concentration were diluted by 10 times (decreased the concentration from 100 ppm
to 10 ppm so that the absorbance not exceeds 1) to obtain the percentage of
photodegradation. For ICP-OES technique, samples’ concentration were diluted by
40 times (decreased the concentration from 1000 ppm to 25 ppm so that the

absorbance not exceeds 1) to obtain the adsorption isotherm of heavy metal ions.
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CHAPTER 4
RESULTS AND DISCUSSION

4.1 The photodegradation of TiO, rutile powder

The results of TiO, rutile powder were shown in figure 4.1. Experiment
condition was set as 0.3 g of TiO, powder was added into 10 ppm Indigo carmine
solution and exposed to UV radiation using a Philips TL 6W actinic BL UV lamp to
obtain the data and compared to TiO,/chitosan composite. The result showed that
with the powder form of TiO,, the photodegradation process was successfully

decomposed up to 98.72% of Indigo carmine in 12 hours as shown in Figure 4.1.

120
0.3 g TiO, rutile powders
98,72 Dye decomposition
100 / Control
= /
g % 1
5 //
£ 60 /
%ﬂ 46 :y/ ~—<&—Time VS. %photodeg.
S
s /
= 40
=3 .
E s o
20 / 10 ppm Indigo carmine
s.u'_/‘/ pp g -
0 /
0 2 4 6 8 10 12
Time (h)

Figure 4.1 The percentage of photodegradation of 10 ppm Indigo carmine solution

using 0.3 ¢ of TiO, powder.
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4.2 The photodegradation of Indigo carmine with TiO,/Chitosan microbeads

4.2.1 Effect of the amount of TiO, microbeads on the photodegradation

of Indigo carmine

In this study, the amounts of 3 wt% TiO,/Chitosan microbeads were
varied i.e., 1 and 2 g to compare their photocatalytic effect. The results showed that
the decomposition of Indigo carmine depended on the amount of TiO,/Chitosan
microbeads used as shown in Figure 4.2. The more the amount of TiO,/Chitosan
microbeads used, the higher the decomposition of Indigo carmine. With using 2 g of
TiO,/Chitosan microbeads, the decomposition of Indigo carmine could be up to
85.91% within 36 hours. The results suggested that the decomposition of Indigo

carmine could be speeded up when more composites were added.

120 3%wt TiO2/Chitosan
1 and 2 g of microbeads
weight
108 35 0.1 M Epichlorohydrin
= 82,79 ;’ Microbeads dose influence
S 76,43 | | 78108 | T
= 80 1.20] | [ =
= /JD""""'-‘ —@— 1 g of microbeads weight
£ el
50 60 £ —
] I
= f | T 61.98 aS 09' o— 2 g of microbeads weight
g / _ 2 | [d4ld] | 19722
= 40 49,5
= 4 16 gauge needle
< i =
S diameter = 1.90 mm
20 - beads diameter =1 mm
10 ppm Indigo carmine
0
0 4 8 12 16 20 24 28 32 36
Time (h)

Figure 4.2 The effect of the amount of beads used on the decomposition of dye.
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4.2.2 Effect of crosslinking agents used to strengthen the microbeads on
the photodegradation of Indigo carmine

Two sets of TiO,/Chitosan microbeads using different crosslinking
agents, i.e., glutaraldehyde and epichlorohydrin were prepared for this study. The
preparation process was mentioned earlier. In brief, fixed amount of TiO, powder
was added into 2 wt% chitosan solution and then injected to form microbeads using
syringe with 16 gauge needle size into 3M NaOH solution.  All of the obtained
microbeads were then filtered and soaked into crosslinking agent solutions. The
solutions of 0.1M glutaraldehyde and epichlorohydrin crosslinking agents were used.
This process was needed to strengthen the microbeads, so that they could be used
multiple times without breaking apart.

The results as shown in Figure 4.3 and 4.4 revealed that
microbeads with glutaraldehyde as a crosslinking agent gave better performance
compared to those with epichlorohydrin. The decomposition of Indigo carmine was
up to almost 100% within shorter time i.e., 24 hours compared to more than 36
hours, when glutaraldehyde was used as a crosslinking agent.

As mentioned earlier, these two crosslinking agents link chains of
chitosan molecules at different functional groups. Glutaraldehyde links at amine
groups while epichlorohydrin links at hydroxyl groups. This means there will be less
crosslinking points for sglutaraldehyde because of less numbers of amine groups
compared to hydroxyl groups. The experimental results suggested that it might due
to the physical feature of microbeads that more loosen up or in other words, they
were lighter cross-linked when 0.1M glutaraldehyde was used. Therefore the dye
molecules could penetrate into the beads and interact with more TiO, particles
embedded inside.

Although, the photodegradation performance of microbeads cross-
linked with glutaraldehyde was better, their stability in acidic solution was worse
than those beads cross-linked with epichlorohydrin.  The TiO,/chitosan microbeads
cross-linked with glutaraldehyde couldn’t be reused since some of them were

crumbled after the first use.  Therefore, the rest of the experiments, the
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epichlorohydrin was chosen to be used as the crosslinking agent, since multiple uses

were required as one of the expected outcomes of the study.
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Figure 4.3 The photodegradation of dye with 2 ¢ of 1, 3 and 5 wt% of TiO,

embedded into chitosan microbeads cross-linked with glutaraldehyde.
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Figure 4.4 The photodegradation of dye with 2 g of 3 and 5 wt% of TiO, embedded

into chitosan microbeads and cross-linked with epichlorohydrin (ECH).

4.2.3 The study of recyclability of the TiO,/chitosan microbeads

In this study, two parameters i.e., crosslinking agent’s concentration
and needle size were varied.  The solutions of epichlorohydrin with the
concentrations of 0.1 and 0.5 M were prepared and used in the crosslinking process.
The TiO,/chitosan microbeads were fabricated using 2 needle sizes i.e., 16 and 20
gauge sizes. The actual outside diameter of these needles are 1.90 and 0.9 mm.,
respectively. The obtained microbeads had the average diameter of 1.0 and 0.5
mm., when 16 and 20 gauge needle were used, respectively. The amount of
microbeads was fixed at 2 g. The amount of loaded TiO, was fixed as well at 3 wt%.

As shown in Figure 4.5 and 4.6, the higher the concentration of
crosslinking agent used, the lower the decomposition of Indigo carmine. This result
can simply explained on the fact that the higher the concentration of crosslinking

agent, the tighter the microbeads. As a result, less numbers of Indigo carmine
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molecules would be able to penetrate into the beads where more TiO, particles
were present leading to less interaction with TiO,.

For the ability of TiO,/chitosan microbeads to be reused, it was
found that the prepared composites i.e., 3 wt% loaded TiO, with epichlorohydrin as
the crosslinking agent, survived up to the forth recycle time. After that, most of
microbeads got crumbled before the photodegradation was completed. Moreover,
the significant reduction in degradation performance was noticed after the second
recycle as shown in Figure 4.5, 4.6 and 4.7.

When in needle size was altered, it was found that the smaller the
diameter of the needle, the smaller the diameter of the microbeads leading to the
faster the photodegradation of Indigo carmine within the given time as shown in
Figure 4.5 and 4.7. This was probably due to more surface areas of the smaller
beads created more contacting points between TiO, particles and Indigo carmine
molecules. However, the differences were insignificant. The percentages of Indigo
carmine decomposed within the given time were in the same magnitude and could

be considered as the same.
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Figure 4.5 The recyclability of 2 ¢ of 3wt% TiO,/Chitosan microbeads cross-linked

with 0.1 M epichlorohydrin and ran by 16 gauge needle size.
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Figure 4.6 The recyclability of 2 ¢ of 3wt% TiO,/Chitosan microbeads cross-linked

with 0.5 M epichlorohydrin and ran by 16 gauge needle size.
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Figure 4.7 The recyclability of 2 ¢ of 3wt% TiO,/Chitosan microbeads cross-linked
with 0.1 M epichlorohydrin and ran by 20 gauge needle size.

4.2.4 The optical microscope image of microbeads with various

crosslinking agents

Microbeads images were captured by optical microscope with 40 x
magnifiers to observe the distribution of TiO, powder embedded into chitosan beads,
and to measure the average size of microbeads. Images were shown in Figure 4.8
and 4.9. The color difference of these two images was probably due to the aging of
glutaraldehyde used in this preparation. It was believed that this was nothing to do

with its property as a crosslinking agent.
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40x Magnifier

Figure 4.8 The microscopic image of 3 wt% TiO,/Chitosan cross-linked with
Glutaraldehyde crosslinking agent.

40x Magnifier

Figure 4.9 The microscopic image of 3 wt% TiO,/Chitosan cross-linked with

Epichlorohydrin crosslinking agent.
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4.3 The Cr (VI) adsorption isotherm of TiO,/Chitosan microbeads

The Cr (VI) ion adsorption isotherm of TiO,/Chitosan microbeads was
measured by using data collected from ICP-OES technique. The studies were
performed in two conditions i.e., with and without the presence of Indigo carmine.
This kinetic study was carried out with using 2 ¢ of 3 wt% TiO,-loaded Chitosan
microbeads cross-linked with 0.1 M epichlorohydrin as the crosslinking agent. The
concentration of Cr (VI) ions was started at 1000 mg/L and its original pH of 5. The
absorption of Cr (VI) was determined until the equilibrium was reached so that all
required parameters could be determined as needed for the study of adsorption

isotherm as shown in Table 4.1.

Table 4.1 Kinetic parameters of Cr (VI) adsorption for Langmuir isotherm with and

without the presence of Indigo carmine.

Kinetic parameters With Indigo carmine Without Indigo carmine
Omax (Mg-g™) 28.25 31.45
K, (min™) 0.017 0.023
R® 0.9991 0.9998

The maximum adsorption capacity (gm0 was slightly lower than that
from Chanil Jung’s study [56], which was found to be 35.6 mg/g of chitosan. This
was probably due to the presence of TiO, particles that tightly stuck on chitosan
microbeads and became obstacles to the chelation of Cr (VI) ions with chitosan’s
amine functional groups.

As shown in Table 4.1, the kinetic parameters of the adsorption of Cr (VI)
by TiO,/chitosan microbeads with or without the presence of Indigo carmine were
insignificantly different. This implies that the kinetic of the adsorption of Cr (VI) ions

by chitosan microbeads is not altered by the presence of Indigo carmine.
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Moreover, the kinetic parameters calculated to fit with the Langmuir
isotherm (a better fitted, compared to Frundrich isotherm) were also in consistent no

matter with or without Indigo carmine, as shown in Figure 4.12.
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Figure 4.10 Langmuir isotherms of Cr (VI) ions with TiO,/Chitosan microbeads without

the presence of Indigo carmine.

As known by the term Langmuir isotherm, the adsorption of Cr (VI) by
these TiO,/chitosan microbeads was occurred with a single layer of molecules (or
atoms) attached on the surface of microbeads. However, due to the porosity of
microbeads, it was believed that Cr (VI) ions could get inside the beads and attached
to amine groups due to the electrostatic interactions. So, the adsorption did not
occur only on the outer surface of the microbeads but also to the chitosan

molecules inside.
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Figure 4.11 Langmuir isotherms of Cr (VI) ions with TiO,/Chitosan microbeads with the

presence of Indigo carmine.
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Figure 4.12 Langmuir isotherms of Cr (VI) ions with TiO,/Chitosan microbeads with

and without the presence of Indigo carmine on the same plot.
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4.4 Multifunctional properties of TiO,/Chitosan microbeads

Two properties of prepared TiO,/chitosan microbeads were investigated
simultaneously namely as the bio-adsorbent and photocatalyst. The 2 g of 3 wt%
TiOy/chitosan microbeads cross-linked with 0.1 M epichlorohydrin solution was used.
The solution containing 1000 mg/L of Cr (VI) ions and 100 mg/L of Indigo carmine was
used.

As shown in Figure 4.13, it was found that within one hour, the
decomposition of Indigo carmine was over 90%, which was a lot faster compared to
previous conditions. Within 4 hours, Indigo carmine had degraded to almost 100%.
For the adsorption of Cr (VI) ions, the concentration of Cr (VI) ions went down to its
equilibrium at 80% adsorbed within one hour.

It turned out that the decomposition of Indigo carmine somehow
happened with the rate three times faster than that of condition without the
presence of Cr (VI) ions. It might due to the interaction of TiO, with Cr (VI) ions
before the adsorption leading to more hydroxyl radicals generated. These radicals
are responsible for the decomposition of the Indigo carmine molecules. The effect
of Cr (VI) ions on the decomposition of Indigo carmine was quite unique since there

had been no other reports with other metal ions that showed similar results.
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Figure 4.13 The multifunctional properties of TiO,/Chitosan microbeads soaked into

the solution containing of both Cr (VI) ions and Indigo carmine.
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CHAPTER 5
CONCLUSIONS

The TiO,/Chitosan microbeads were successfully prepared.  The
concentration of chitosan was chosen to be 2 wt%, which made it easier for the
microbeads to be formed. The maximum amount of loaded TiO, was 3 wt% in order
to get better dispersion of particles in chitosan solution. The microbeads were cross-
linked with either epichlorohydrin or glutaraldehyde for three hours.

The decomposition of Indigo carmine with 2 ¢ of TiO,/Chitosan
microbeads under the exposure of UV-radiation reached almost 100% within 24
hours when 0.1M glutaraldehyde was used as the crosslinking agent compared to
only 80% when 0.1M epichlorohydrin was used as the crosslinking agent. However,
due to instability under acidic condition of microbeads cross-linked with
glutaraldehyde, the epichlorohydrin was chosen to be the crosslinking agent for this
research.

It was found that the more the amount of TiO,/Chitosan microbeads,
the faster the decomposition of Indigo carmine. This was simply due to more TiO,
particles, which were the active species for the decomposition of Indigo carmine
when exposed to the UV radiation. Moreover, the smaller the size of the
TiO,/Chitosan microbeads, the faster the decomposition of Indigo carmine. This
could be explained in terms of more physical contact between TiO, and Indigo
carmine molecules. However, with the scope of this research, the two different sizes
microbeads showed insignificant results of the decomposition of Indigo carmine.

The recyclability of TiO,/Chitosan microbeads was investigated. It was
found that with 0.1M epichlorohydrin as the crosslinking agent, the microbeads could
be repeatedly used up to four times before getting crumbled. The reuse of
microbeads was done without any treatment making them very suitable in actual
applications. However, after the second use, the capability of these microbeads to

decompose Indigo carmine decreased dramatically but still within acceptable values.
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Other parameters are needed to be taken into consideration especially the amount
of microbeads when recycling is a must.

The ability of TiO,/Chitosan microbeads to adsorb metal ions is due to
the presence of the amine functional groups on chitosan chains. With the presence
of Indigo carmine, the adsorption of Cr (VI) ions was intact. The adsorption of Cr (VI)
ions by TiO,/Chitosan microbeads was fitted nicely with Langmuir isotherm indicating
that only single layer of molecules (or atoms) was attached to the surface of
microbeads. However, due to the porosity of the microbeads, more Cr (VI) ions
could get inside and interact with amine groups of chitosan. More interesting results
showed that with the presence of Cr (VI) ions, the photodegradation of Indigo
carmine was significantly faster. This might due to the fact that the interaction of
TiO, particles and Cr (VI) ions before the adsorption generates more hydroxyl radicals

which are responsible for the decomposition of Indigo carmine.
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