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ABSTRACT

Synthesis of a new chitosan/TiO,NPs nanocomposite was conducted, TiO, was used as
photocatalyst in combination with chitosan which act as co-adsorbent and an immobilization agent.
They were used under UV source for photodegradation of anionic and cationic, as well as for removing
neutral dyes dissolved in water. Several techniques like scanning electron microscope (SEM) and
energy-dispersive X-ray (EDAX) spectroscopy, together with Fourier-transform infrared spectroscopy
(FT-IR) analysis and swelling ratio were all used in characterising the fabricated membranes. The
incorporation of TiO,NPs in the chitosan network was revealed by FT-IR analysis. The confirmation
of their spherical shape and nanoparticles was made by SEM. The dyes were completely eliminated
under UV light in this order of CS, CS/Low TiO,NPs, CS/Mid TiO,NPs, and CS/High TiO,NPs.

Keywords: Photodegradation, Chitosan membranes, Dyes, TiO,NPs, Wastewater treatment.

INTRODUCTION

One of the greatest problems facing the
world today is environmental pollution. With every
passing year, this problem is multiplying and resulting
in serious and permanent damage to the earth’s
environment. There are three basic types of pollution-
air, water, and soil-when it comes to environmental
pollution'. Industrial discharge and the use of excess
pesticides, as well as fertilizers used in the agriculture
sector and pharmaceutical residue, together with
domestic waste landfilling are all among the causes
of water pollution?. Different organic compounds like

solvents and dioxins, as well as dibenzofurans and
pesticides are all present in contaminated water.
Other organic compounds present in contaminated
water include polychlorinated biphenyls (PCBs) and
chlorophenols, together with dyes®®.

A dye can be described as a coloured
substance that has similarity with the substrate that
is being applied to the application of dye is generally
being performed in an aqueous solution, and with
the possibility of requiring a mordant (an inorganic
oxide) for enhancing the dye’s fastness on the fibre”%.
There is broad use of synthetic dye in a lot of fields
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of advanced technology. Synthetic dyes, for example,
are being used in different kinds of the textile® and
paper'?, together with leather tanning'' and food
processing. Other areas where synthetic dyes are
widely applied include plastics and cosmetics, as
well as rubber, printing and dye manufacturing
industries''3. Toxic amines’ presence in the effluent
is what makes azo dyes toxic'2. Furthermore, there is
the likelihood of chemically stable reactive dyes with
little biodegradability passing through conventional
treatment plants without being treated, thereby
making their elimination very essential. As a result
of their toxic effects, many concerns on the use of
dyes have been raised'.

Unfortunately, the environmental balance
is being threatened by organic dyes’ presence in
aqueous environments as a result of their toxicity
and low biodegradability. A lot of dyes are derived
from known carcinogens like benzidine and other
aromatic compounds. The most difficult dyes to
undergo degradation are antroquinone-based dyes,
as a result of their fused aromatic ring structure.
In addition, its intense colour has the ability of
attenuating the transmission of sunlight into water.
Therefore, it has the ability of affecting aquatic plants,
which eventually disrupts the aquatic ecosystem'.

There are several methods so far discovered
to be suitable for the removal of different kinds of
dye. Two such methods are physical and chemical
methods. The physical methods of dye removal come
in the form of nanofiltration and reverse osmosis,
as well as electrodialysis. The chemical methods
of dye removal come in the form of coagulation or
flocculation integrated with flotation, filtration, and
precipitation flocculation, as well as electro-flotation
and electro-kinetic coagulation. However, the dye is
not degraded by these methods, although the dye
concentration in water bodies only decreases due to
the fact that it is converted from one form to another,
resulting in the creation of a secondary pollution. In
literature for dye removal from wastewater, reports
regarding the use of biological methods like aerobic
and anaerobic microbial degradation, as well as the
use of pure enzymes were made. The time consuming
nature of biological methods is what makes them
to be disadvantageous, and certain dyes are even
resistant to aerobic treatment. The possibility of
carcinogenic compounds production like aromatic
amines taking place during the anaerobic treatment

of dyes has been reported'. Advanced oxidation
processes have attracted attention in the recent past
for pollutant removal from wastewater. These are
eco-friendly, economic procedures that have the ability
of degrading several dyes or organic pollutants found
in wastewater. The carrying out of these advanced
oxidation procedures were performed in the presence
of solar and ultraviolet irradiation®'7.

Membrane technology is utilised in
industries for treatment or improvement of water
quality for it to be used or reused or discharged into
the environment. The modular nature of membrane
technology and the possibility of applying it in
different fields are its advantages. A steady growth
in membranes will be witnessed in the foreseeable
future in the water industry as a result of rising
water shortage and improvements in membrane
performance, as well as costs and energy demand. In
addition, traditional water treatments have proven to
be ineffective in the removal of certain contaminants
instead of the production of harmful by-products.
Introduction of membrane processes that have
different separation range has been made with
numerous applicable fields™.

One of the most significant semiconductors
that shows great promise in photocatalysis and solar
cells, as well as photochromism, and sensoring,
together with other applications in the field of
nanotechnology is titanium dioxide nanoparticles
(TiO,NPs)'920, Titanium dioxide nanoparticles
have been commercialised as the most powerful
photocatalyst as a result of the high photoactivity for
majority of the photocatalytic reactions, as well as
being nontoxic to human life?'2%. The high stability
nature and low costs, as well as high efficiency of
semiconductors like ZnO or TiO,NPs are what make
them suitable to be frequently used as catalytic
agents. We made use of TiO,NPs in our study,
due to the fact of its exhibition of higher catalytic
activity under the UV light irradiation?. It is possible
for TiO,NPs crystalline structure and particle size
to affect its photocatalytic activity, considering the
fact that report has it that TiO,NPs degradation
rate increases as the TiO,NPs particle size
decreased?®>*. Besides, TiO,NPs possesses a strong
oxidising power and a band gap of 3.2 eV. Irradiation
of a TiO,NPs n-type semiconductor wavelength light
less than 390 nm results in the production of the
electron-hole pair. The generated electron-hole pairs
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have the ability of initiating reduction and oxidation
reaction on the TiO,NPs particles’ surface. Surface
OH groups in aqueous solution scavenge the hole for
generation of the strongly oxidising hydroxyl radicals.
Afterwards, a quick reaction of the reactive hydroxyl
radicals with organic dyes will result in the organic
dye’s mineralisation?.

Nanomaterials incline to forming into a mass
or group to reduce their surface area and surface
energy with the possibility of directly influencing their
performance. Overcoming this, calls for the possibility
of employing a matrix to act in the form of a support
that moderates the reduction of surface area and
constrains the nanomaterials’ aggregation®.

One of the most valuable polymers used
in biomedical and pharmaceutical applications as
a result of its biodegradability and biocompatibility,
as well as its antimicrobial, non-toxicity, and anti-
tumour properties is chitosan. Chitosan modification
is easier compared to other polysaccharides as a
result of its reactive functional groups, among which
are amino and hydroxyl groups®. Physical and
chemical modifications have the ability of enhancing
chitosan’s mechanical properties and adsorption
capacity®. The basic chitosan structure is not altered
by modification, although modification brings about
new by-products that have improved properties
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for special applications in different areas®'. Such
modification leads to improvement in the adsorption
properties and ups chitosan’s mechanical strength
and chemical stability in acidic media®. It also
leads to reductions in chitosan’s biochemical and
microbiological degradation®,.

The current investigation aims to make use
of different amounts of TiO,NPs (low, medium, and
high) in the development of a novel nanocomposite
CS/TiO,NPs membrane. Chitosan membrane
was utilised in the form of a matrix phase, while
TiO,NPs were utilised in the form of a photocatalyst.
Investigation of the influence of nanoparticles addition
on the produced membrane morpho-structural was
conducted. Investigation of nanoparticles addition
impact on produced membrane morpho-structural
was conducted. Investigation was also conducted on
photocatalytic degradation effectiveness under UV
irradiation (365 nm) with regards to different types
of dyes such as cationic (methyl blue) and neutral
(neutral red), as well as anionic dyes (fast green).
Table 1 displays the characteristics of investigated
dyes which were evaluated with the use of different
membranes such as chitosan and chitosan/ TiO,NPs
(L), as well as chitosan/ TiO,NPs (M) and chitosan/
TiO,NPs (H). Furthermore, the computation of the
dyes’ degradation kinetics was made.

Table 1: characteristic of investigated dyes in this study

Name of dye Chemical structure Type of dye Chemical formula Xnae (NM) Molar mass(g. mol)
eI =
Methyl blue (MB) (_.; ‘i.";' Cationic C,,H,,N,O,S, 593 755.831
R -
< i : -y
| i
/"\C:"\ N-p
O
Neutral red (NR) v Neutral C,;H,,CIN, 518 288.779
Cl—H
Na+ 9
07
0
Fast green(FG) Anionic C,,H,,N,Na,0, S, 623 808.843

EXPERIMENTAL

Chemicals and materials
Chitosan powder [C,H, .N,O,] (degree

of deacetylation 95%), titanium dioxide (TiO,NPs,
25 nm particle size), acetic acid, Fast green (FG)
(98.5% purity), neutral red (NR) (95 % purity), Methyl
blue (MB) (> 98% purity), titanium dioxide powder
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(TiIO,NPs) (99 % purity), sodium hydroxide (NaOH)
and hydrochloric acid (HCI), were purchased from
Sigma-Aldrich (Poole, UK), all solvents and chemical
reagents were analytical grade or the best grade
commercially available and used without further
purification. The Whatman filter paper (pore size 25
pum and diam. 15 cm) was purchased from Whatman
Asia Pacific (Mumbai, India). Distilled water
(Ultrapure water) was employed for preparing all the
solutions and reagents. Disposable plastic syringe
(1 mL) was purchased from Scientific Laboratory
Supplies (Nottingham, UK).

Instrumentation

A hot plate-stirrer from VWR International
LLC (West Chester, PA, USA). The UV-Vis
spectrophotometer was from Thermo Scientific
GENESYS 10S (Toronto, Canada). UV lamp (365
nm) from Spectronic Analytical Instruments (Leeds,
UK). A scanning electron microscope (SEM)
Cambridge S360 from Cambridge Instruments
(Cambridge, UK). Energy dispersive X-ray (EDX)
analysis was performed using an INCA 350 EDX
system from Oxford Instruments (Abingdon, UK).
The FT-IR spectra used in the present study
were PerkinElmer RX FTIRx2 with diamond ATR,
and also DRIFT attachment from PerkinElmer
(Buckinghamshire, UK).

Fabrication of Membranes

The sol-gel method made use of an
earlier work’s described method in synthesising the
chitosan membrane?®4. Approximately chitosan in an
amount of 1.0 g was dissolved in an aqueous acetic
acid solution (2%, v/v). At a temperature of 30°C,
the mixture was then stirred for 24 h at 700 rpm in
order to achieve a homogeneous solution prior to
being filtered through a nylon cloth for the removal
of any non-dissolved materials. The mixture, in the
amount of 7 mL was then bored in a petri dish, with
thin chitosan membrane forming after 5 days. The
preparation of chitosan film with titanium dioxide
powder content, calls for different TiO,NPs powder
weights of 0.03 g, 0.05 g, and 0.07 g, to be added
to 20 mL of the mixture and continuously stirred for
a period of 2 hours. The mixture, in the amount of
7 mL was then bored in a petri dish with the formation
of thin chitosan membrane containing nanomaterial
taking place after 5 days.

Characterization of the Prepared Membranes
Surface Morphology

SEM analysis characterised the surface
morphology of the fabricated membrane after using
a thin layer of gold to coat the samples for prevention
of charge problems and for improvement of the
resolution. Energy dispersive X-ray analysis (EDX)
was utilised in performing a compositional analysis.

FT-IR Analysis

PerkinElmer RX FT-IRx2 having diamond
ATR and DRIFT attachment from PerkinElmer was
used to collect the FT-IR spectra in the attenuated
total reflectance (ATR) mode. Fourier transmission
infrared spectroscopy was used in the qualitative
identification of the prepared materials’ chemical
functionality. Recording of spectra between 4000
and 650 cm™ was made.

The Swelling Ratio

After hydrogel membrane had swollen to
equilibrium, Seq, the gravimetric method was used
to take the measurement of the swelling ratio. There
was immersion of the reweighed, completely dried
membrane sample in distilled water of 100 mL at a
temperature of 25+1°C for a period of 1 h, which was
monitored to be enough in attaining an equilibrium
state. The membrane was quickly removed and
wiped with filter paper and the weight taken. The
following equation was used in computing for S_,
which is expressed as water percentage in the
membrane at equilibrium:
Saq = 5,00 < 100% (1)

Where the weight of the swollen membrane
is represented by W, and the weight of the dry
membrane is represented by W, In order to see
to it that the experiments are made more precise,
repetitions of the experiments were conducted three
times and after that the average value was taken to
be the final swelling percentage value.

Photocatalytic Degradation

Three different single dyes-methyl blue
(160 mg L"), neutral red (170 mg L), and fast
green (30 mg L") - were utilised in this study. The
100 mL dyes decolourisation in aqueous solution
investigated the fabricated membranes or TiO,NPs
photocatalytic activity. The suspension, prior to the
UV lamp exposure was, for one hour, magnetically
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stirred at 700 rpm. The performance of the reaction
was undertaken with continuous magnetic stirring
during the reaction. There was withdrawal of 2 mL
aliquot from the mixture solution at every 2 min
intervals. Also, the same process was undertaken
in the dark to identify the photocatalyst activity of
membranes, and one other blank experiment was
made by following the same process with no adding
of the photocatalyst to understand the degree of
degradation of the dyes as a result of the UV light.

A UV-Vis spectrophotometer operating
at wavelength between 350 nm and 800 nm was
spectrometrically used in monitoring the dyes
degradation while the blank was distilled water. There
was repetition of every experiment three times and
the average of the experiment taken to ensure the
results’ reproducibility. The equation given below is
used in the following manner for absorption in the
dyes solution absorption spectra in connection with
the intensity consistent with & of methyl blue (593
nm), neutral red (518 nm), and fast green (623 nm):

Co—
G

A

Degradation percent (%) = £x100 = OA_AX100

@)

Where the dyes’ initial concentration is
represented by C_and the dye’s concentration after
irradiation in a selected time interval is represented
by C.The limitations A and A are the dyes solution
absorbance at the first time and at any time®.

RESULTS AND DISCUSSION

Fabrication of chitosan membrane
containing several amounts of TiO,NPs for their
use as a photocatalyst for different types of dyes
degradation with the help of UV light is the aim of
this work. Chitosan, soluble only in acidic aqueous
solutions, as a result of amine groups’ presence that
become protonated, was used in the preparation of
the thin film membrane and therefore its poor soluble
nature when it comes to other organic solvents®.

The ability of TiO,NPs to exhibit high
catalytic activity under the UV light irradiation and
because of their very high surface to volume ratio and
their ability to produce high rates surface reactions
are the reasons for their being used in this study®’.
The use of TiO,NPs by photocatalysis is quite

promising in the treatment of water®. Fig. 1 displays
the fabricated films appearance. It is possible to
observe that the prepared CS membranes were
thin and flexible, as well as smooth and transparent
while the CS membrane containing nanoparticles
was white in colour.

CS/Ti0:NPs(H

. M S/TiONPs (L) | CS/TIONPs

Fig. 1. The fabricated membranes in this study for
photodegradation of dyes

Characterization of the Fabricated Membranes
Structural and Morphological Characterization

SEM analysis made assessment of the
fabricated membranes’ morphology. Fig. 2 displays
the CS membrane and CS/TiO,NPs micrographs with
three different amounts, together with their magnified
surfaces. The CS membrane’s SEM images revealed
smooth uniform surface in Fig. 2(a). A topography and
granulation on the surface were created by the adding
nanoparticles in chitosan matrix. Fig. 2(b) displays
chitosan membrane’s SEM images that contained
TiO,NPs (low amount of 0.03 g). The appearance
of TiO, nanoparticles was in the form of spherical
particles. They were well distributed in the chitosan
membrane, an indication of the immobilisation
of TIO,NPs on the chitosan matrix. Fig. 2(c) and
(d) display chitosan membrane SEM images that
contained TiO,NPs (medium amount at 0.05 g) and
(high amount at 0.07 g) respectively. It was revealed
through observation that increase in the amount of
TiO,NPs in CS membrane will result in increase in
the number of particles in the chitosan surface and
with observation of a small aggregation.

Fig. 2. SEM images of the fabricated membranes using
different magnifications: (a) CS membrane, (b) CS/TiO,NPs
(L) membrane, (c) CS/TiO,NPs (M) membrane,
and (d) CS/TiO,NPs (H) membrane



ALZAHRANI et al., Orient. J. Chem., Vol 36(1), 144-160 (2020) 149

EDX Analysis

Through the EDX analysis performance,
investigations of the elemental makeups of the
different prepared membranes (CS, CS/TiO,NPs (L),
CS/TiO,NPs (M) and CS/TiO,NPs (H)) were carried
out. Fig. 3 displays the confirmation of the presence
of significant amount of carbon and oxygen, the
major chitosan membranes’ elements without any
impurities. The presence of C, O and Ti elements
is confirmed by CS/ TiO,NPs membranes’ EDX
analysis. EDX spectra revealed the incorporation
of TiO,NPs with percentages ranging from 20.0
to 30.0% inside CS matrix with the formation of

chitosan/TiO,NPs membrane (the peak observed
at 4.512 KeV is Ti). Table 2 makes a presentation
of 20.85% oxygen and 79.15% carbon element
composition alone in the CS membrane, while
there was presence of 46.25% of oxygen, and
28.61% carbon, as well as 25.14% titanium in the
CS/TiO,NPs (L) membrane. Furthermore, it was
discovered that 46.89% oxygen, 27.08% carbon, and
26.03% titanium were contained in the CS/TiO,NPs
(M) membrane, while there was presence of 49.30%
oxygen, 19.31% carbon and 31.39% titanium in the
CS/TiO,NPs (H) membrane.
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Fig. 3. EDX spectra of fabricated membranes

Table 2. Element composition of the fabricated
materials determined by EDX analysis

Membrane Element KeV Atomic percent (%) Total

CSs O 0.277 20.85 100.00
C 0.525 79.15 0
Ti 4.512 0

CS/TiO,NPs (L) O 0.277 46.25 100.00
C 0.525 28.61 0
Ti 4.512 25.14

CS/TiO,NPs (M) O 0.277 46.89 100.00
C 0.525 27.08 0
Ti 4.512 26.03

CS/TiO,NPs (H) O 0.277 49.30 100.00
C 0.525 19.31 0
Ti 4.512 31.39

FT-IR Analysis

Figure 4 displays the CS and CS/TiO,NPs
membranes’ FT-IR analysis. It is possible to assign
the bands at 3364 cm™ in the CS and CS/TiO,NPs
sample spectrum to the OH groups superimposed
axial stretching vibrations to the N-H stretching
bands and chitosan’s intermolecular hydrogen
bonds?*. Observations of the methyl groups and of
CH, groups bending vibration in chitosan were made
around 2927 cm' in the spectra of the two samples
CS and CS/TiO,NPs*?, There is the assigning of
the band at 1649 cm™ in CS sample spectrum to
C=0 stretching band (amide I). The band appearing
at 1261 cm™ in the CS sample spectrum is being
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reported in the form of amide Il C-N bonds in
chitosan®. The emerging band at 1084 cm in the CS
sample spectrum, distinctive for polysaccharide and
credited to the C=0 stretching vibration, was moved
to 1090 cm™ in the CS/TiO,NPs sample spectrum?.
Making comparison of the CS FT-IR spectra prior
and after TiO,NPs immobilization, observation of
few changes were made in the CS/TiO,NPs sample
spectrum. There is the possibility of these changes
indicating the communication between nanoparticles
and OH groups on the TiO,NPs surface. Strong peak
at 1649 cm™ and 1084 cm™ in CS/TiO,NPs sample
spectrum was assigned to C=0 stretching vibration
and reduction in highest intensity 1561 cm-" 2.

100

Transmittance

y y y
<000 2000 2000 1000
Wave number, cm™

Fig. 4.The FT-IR analysis of CS and CS/TiO,NPs membranes

Swelling Ratio

Determination was made for the fabricated
membranes’ equilibrium swelling ratio, Seq, in 100
mL of distilled water. Obtaining the average S,
resulted in the performance of the experiments
at least three times for every membrane and the
average value recorded. The standard deviations
were below 6%. The experimental data displayed
in Table 3 revealed the fact of CS, CS/TiO,NPs (L),
CS/TiO,NPs (M), and CS/TiO,NPs (H) membranes
being obtained at respectively 888.2%, 852.7%,
831.7%, 736.3%. The fabricated membranes’
swelling behaviour in the distilled water revealed
the dependency of equilibrium water content on the
amount of nanoparticles, and the decrease of the
equilibrium water content, resulting from an increase
in the amount of nanoparticles in the CS membrane.
The CS membrane physical properties, like swelling,
has the ability of being modified by adding of
nanoparticles, thereby making some additions to
the improvement of swelling ability brought about by
the outer water molecules decrease getting into the
membrane and resulting in the swelling percentage
becoming lowered®4°,

Table 3: The Swelling ratio of the fabricated membranes

Membrane Sample ~ Weight dry ~ Weight wet S_ (%)
membrane (g) membrane(g)
Chitosan 1 0.0331 0.327 888.2
2 0.0340 0.334
3 0.0352 0.346
CS/TIO,NPs (L) 1 0.0379 0.350 852.7
2 0.0380 0.0365
3 0.0386 0.0375
CS/TiO,NPs (M) 1 0.0394 0.380 831.7
2 0.0412 0.382
3 0.0426 0.386
CS/TiO,NPs (H) 1 0.0539 0.452 736.3
2 0.0540 0.454
3 0.0554 0.461

Photodegradation of Dye
Photodegradation of Cationic Dye (MB)
Investigation was conducted on the
fabricated membrane’s photocatalytic activity
by taking the measurement of the cationic dye
decolourisation, which happened to be methyl
blue (MB, 160 mg L") in aqueous solution. The fact
that this compound’s degradation has the ability
of being easily monitored using optical absorption
spectroscopy (UV-Vis spectroscopy) is the reason for
selecting MB as a test contaminant with regards to
this study. The membrane was placed in volumetric
flask that contained 100 mL of the dye solution, prior
to irradiation by a UV lamp (365 nm), as a way of
monitoring the fabricated membrane’s photocatalytic
activity. There was magnetic stirring of the suspension
in the dark at 700 rpm for a period of one hour so that
an adsorption—desorption equilibrium between the
photocatalyst and the dye could be attained. There
was magnetic stirring of the suspension and exposure
to UV light for several irradiation times. An aliquot (2
mL) was removed at every 2 min interval. Two blank
photode gradation experiments under UV irradiation
were carried out using TiO,NPs as photocatalyst due
to absence of membrane.

Figure 5 displays MB dye colour fastness
photograph during the photocatalytic reaction in the
absence of photocatalyst. The fact that the colour of
the dye failed to change with increasing exposure
time to the UV light irradiation, an indication of
MB stability, was taken notice of. Furthermore, the
fact that the colour fades when 0.04 g of TiO,NPs
powder was used to increase the exposure time
to the UV light irradiation, which is an indication of
MB decomposition, was taken notice of; though, the
degradation is not complete. The colour of MB when
fabricated membranes are being utilised with increase
in the exposure time to the UV light irradiation, is an
indication of MB dye slow decomposition.
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Fig. 5. Photographic images representing the change in
colour of the cationic dye (MB) during photodegradation
under UV light irradiation

Figure 6 reveals the change in the MB
optical spectra absorption with the absence of
photocatalyst for different time intervals. The fact
that no change took place with regards to absorption
peak corresponding to MB when there was increase
in the irradiation time was observed. The absorption
peak corresponding to MB was diminished by
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increasing the irradiation time through the use of
TiO,NPs powder in the form of a photocatalyst
in the absence of membrane for different time
intervals. Nonetheless, it was discovered that
there was no complete accomplishment of MB
degradation. Besides, it was observed that the
highest absorption corresponding to MB weakened
by increasing the irradiation time when prepared
membranes for different time intervals are used,
prior to final disappearance, indicating that MB
degradation was accomplished and no other
UV-Vis spectroscopy detectable products were leftin
the reaction mixture. The reason for this is the start
of depredation of the poly aromatic rings in the dye,
which resulted in the formation of mono-substituted
aromatics*'“2. These results are confirmation of the
fact of photocatalytic process having the ability of
converting toxic chemicals to non-toxic chemicals,
and thus this method is considered promising in the
elimination of MB from the environment.
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Fig. 6. Absorption spectrum of MB (concentration = 160 mg L', volume 100 mL) without photocatalyst or with photocatalyst
following exposure to UV light (365 nm) and temperature 25+1°C, for absorbance measurement 350-800 nm
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The degradation efficiency was calculated
using equation 2, as shown in Table 4. It was discovered
that MB failed to degrade when the photocatalyst
was not utilised and only 2.64% successful MB
degradation accomplishment was attained at 60
minutes. Furthermore, it was discovered that the
use of TiO,NPs powder led only to 45.1% of MB
degradation accomplishment. Besides, complete
photodegraded MB was discovered within 50 min
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when CS membrane was used. It was discovered that
complete MB degradation was attained within 54 min
when CS/TiO,NPs (L) membrane was used. It was also
discovered that 100% of MB was attained within 56 min
when CS/TiO,NPs (M) membrane was utilised, while
this was attained within 58 min when CS/TiO,NPs (H)
membrane was utilised. It was discovered that the CS
membrane performance was better, compared to CS
membrane that contained TiO,NPs.

Table 4: Photochemical degradation of MB under UV light using the fabricated membranes

MB without TiO,NPs Chitosan CS/TiO,NPs (L) CS/TiO,NPs (M)  CS/TiO,NPs (H)
photocatalyst powder membrane membrane membrane membrane
T Ab D Ab D Ab D Ab D Ab D Ab D
(min) (a.u) (%) (a.u) (%) (a.u) (%) (a.u) (%) (a.u) (%) (a.u) (%)
0 2.989 0 2.975 0 1.69 0 2.634 0 2.59 0 2.394 0
2 2,987  0.06 2.92 1.84 1.429 15.4 2.403 8.7 2.426 6.33 2.367 1.12
4 2.985 0.13 2.9 2.52 1.42 15.9 2.268 13.8 2.419 6.6 1.941 18.9
6 2.983 0.2 2.873 3.42 1.274 24.6 2.242 14.8 2.06 20.4 1.885 21.2
8 2.98 0.3 2.823 5.1 1.197 29.1 2.183 171 1.993 23 1.833 23.4
10 2.977 0.4 2.786 6.35 0.926 45.2 1.93 26.7 1.859 28.2 1.494 37.5
12 2975 0.46 2.74 7.89 0.9 46.7 1.885 28.4 1.688 34.8 1.466 38.7
14 2.974 0.5 2.672 10.1 0.844 50 1.769 32.8 1.586 38.7 1.4 415
16 2.972 0.56 2.611 12.2 0.841 50.2 1.655 371 1.486 42.6 1.384 421
18 2.971 0.6 2.561 13.9 0.702 58.4 1.513 42,5 1.461 43.5 1.368 42.8
20 2.968 0.7 2.507 15.7 0.657 61.1 1.428 45.7 1.328 48.7 1.146 52.1
22 2.967 0.73 2.47 16.9 0.552 67.3 1.317 50 1.262 51.2 1.071 55.2
24 2,964  0.83 2.423 18.5 0.498 70.5 1.276 51.5 1.227 52.6 0.986 58.8
26 2,963  0.86 2.403 19.2 0.422 75 1.177 55.3 1.178 54.5 0.795 66.7
28 2.961 0.93 2.362 20.6 0.341 79.8 1.108 57.9 1.159 55.2 0.534 77.6
30 2,954 117 2.345 211 0.287 83 1.071 59.3 1.096 57.6 0.519 78.3
32 2.951 1.27 2.331 21.6 0.235 86 1.03 60.8 1.09 57.9 0.365 84.7
34 2.947 1.4 2.279 23.3 0.227 86.5 0.95 63.9 0.992 61.6 0.321 86.5
36 2,943 153 2.254 24.2 0.183 89.1 0.757 71.2 0.987 61.8 0.28 88.3
38 2.941 1.6 2.231 25 0.074 95.6 0.663 74.8 0.938 63.7 0.263 89
40 2.938 1.7 2.219 25.4 0.071 95.7 0.601 771 0.759 70.6 0.176 92.6
42 2934 1.84 2.157 27.4 0.053 96.8 0.451 82.8 0.387 85 0.135 94.3
44 2.932 1.9 2.104 29.2 0.042 97.5 0.289 89 0.284 89 0.123 94.8
46 2.928 2.04 2.013 32.3 0.039 97.6 0.218 91.7 0.241 90.6 0.114 95.2
48 2,927  2.07 1.999 32.8 0.034 97.9 0.114 95.6 0.188 92.7 0.097 95.9
50 2925 214 1.993 33 0 100 0.11 95.8 0.085 96.7 0.086 96.4
52 2.923 2.2 1.845 37.9 0.108 95.9 0.043 98.3 0.073 96.9
54 2.917 24 1.833 38.3 0 100 0.015 99.4 0.04 98.3
56 2915 247 1.702 42.7 0 100 0.037 98.4
58 2.912 2.57 1.692 43.1 0 100
60 2.91 2.64 1.631 451

Photodegradation of Neutral Dye (NR)

The selection of NR (170 mg L") was
due to the fact of it being a neutral dye that
demonstrated a major absorption band at 518 nm,
in the evaluation of the fabricated membranes’
photocatalytic performance. Similar process (section
2.5) was used for NR photodegration. Fig. 7 displays
the NR dye colour fastness photograph when the
photocatalytic reaction was taking place in the
absence of photocatalyst. It was observed that there
was no change in the dye colour with increase of the
time when it was exposed to the UV light irradiation,
thereby indicating NR stability. It was observed that
the use of TIO,NPs powder with increased exposure
time to the UV light irradiation resulted in the fading
of the dye colour which is an indication of NR
decomposition, although such degradation was not

complete. A decrease in NR colour was observed
when the fabricated membranes with increase in the
exposure time to the UV light irradiation was used,
indicating NR dye slow decomposition.

TiO,NPs powder

LT COUCEARE

CS/TiO,NPs (L) membrane

W

CS/TiO,NPs (H) membrane

Without photocatalyst

LT T

CS membrane

A0 |
U
CS/TiO,NPs (M) membrane
Fig. 7. Photographic images representing the change in

colour of the neutral dye (NR) during photodegradation
under UV light irradiation
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Figure 8 displays the change in the NR
spectra optical absorption. It was discovered that
the highest absorption corresponding to NR failed
to change when UV light was used in the absence
of photocatalyst, an indication that dye failed to
degrade. It was observed that when TiO,NPs powder
was used for different time intervals, there was a
lessening of the highest absorption corresponding
to NR when the irradiation time was increased.
Nonetheless, there was no complete attainment of
NR degradation. In contrast, it was found that when
CS, CS/TiO,NPs (L), CS/TiO,NPs (M) and CS/
TiO,NPs (H) membranes were utilised for different
time intervals, the highest absorption corresponding
to NR diminished when the irradiation time was
increased, prior to their final disappearance, which is
an indication that NR degradation was accomplished
with no products left in the reaction mixture that were
capable of being detected by UV-Vis spectroscopy.
The NR photochemical degradation is presented
in Table 5. It was discovered that within 60 min,
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3.27% of NR degradation alone was accomplished
in the absence of photocatalyst. Furthermore, it was
discovered that within 60 min, the use of TiO,NPs
powder succeeded in achieving 31.4% of NR
degradation. It was discovered that the use of CS
membrane succeeded in accomplishing 92.3% of NR
within 60 minute. Likewise, observation was made
regarding a decrease in the absorption visible bands
at 518 nm at the time of NR photodegradation under
UV light irradiation. It was discovered that 99.4 % of
NR was accomplished in 60 min when CS membrane
containing TiO,NPs (L) membrane was used. It was
discovered that 100% of NR was accomplished
in 60 min when CS/TiO,NPs (M) membrane was
used. Besides, observation was made regarding a
decrease in the absorption visible bands at 518 nm
when NR photodegradation was going on under UV
light irradiation. When CS/TiO,NPs (H) membranes
were used, it was discovered that 100 % of NR was
accomplished in 56 minute.
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Fig. 8. Absorption spectrum of NR (concentration = 170 mg L', volume 100 mL) following exposure to UV light 365 nm) and
temperature 25+1°C, for absorbance measurement 350-800 nm
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NR without TiO,NPs Chitosan CS/TiO,NPs (L) CS/TiO,NPs (M) CS/TiO,NPs (H)
photocatalyst powder membrane membrane membrane membrane
T Ab D Ab D Ab D Ab D Ab D Ab D
(min) (a.u) (%) (a.u) (%) (a.u) (%) (a.u) (%) (a.u) (%) (a.u) (%)
0 2.689 0 2.975 0 2.863 0 2.783 0 2.43 0 2.208 0
2 2.685 0.14 2.929 1.54 2.638 7.85 2.567 7.7 2.204 9.3 1.898 14
4 2.677 0.44 2.898 2.58 2.616 8.62 2.429 12.7 2.079 13.7 1.752 20.6
6 2.674 0.55 2.814 5.41 2.567 10.3 2.291 17.6 1.982 18.4 1.701 22.9
8 2.673  0.59 2.804 5.74 2.458 14.1 2.026 27.2 1.843 25.3 1.665 24.5
10 2.67 0.7 2.755 7.39 2.337 18.3 1.817 34.7 1.814 25.4 1.464 33.8
12 2.668 0.78 2.718 8.63 2.319 19 1.606 42.2 1.65 32 1.351 38.8
14 2.667  0.81 2.702 9.17 2.231 22 1.593 42.7 1.522 37.3 1.217 44.8
16 2.666 0.85 2.673 10.1 2177 23.9 1.459 47.5 1.17 51.8 1.186 46.2
18 2.665 0.89 2.645 11 2.096 26.7 1.203 56.7 1.114 54.1 1.157 47.5
20 2.661 1.04 2.619 11.9 2.067 27.8 1.177 57.7 1.061 56.3 1.06 51.9
22 2.657 1.19 2.566 13.7 2.015 29.6 1.145 58.8 0.979 59.7 1.048 52.5
24 2.656 1.22 2.529 14.9 1.982 30.7 1.064 61.7 0.888 63.4 0.928 57.9
26 2.65 1.45 25 15.9 1.893 33.8 1.035 62.8 0.824 66 0.906 58.9
28 2.648 1.52 2.478 16.7 1.76 38.5 0.977 64.8 0.756 68.8 0.73 66.9
30 2.646 1.59 2.446 17.7 1.612 43.6 0.824 70.3 0.718 70.4 0.593 731
32 2.645 1.63 2.417 18.7 1.593 44.3 0.746 731 0.64 73.6 513 76.7
34 2.644 1.67 2.402 19.2 1.466 48.7 0.646 76.7 0.443 81.7 0.496 77.5
36 2.64 1.82 2.358 20.7 1.382 51.7 0.606 78.2 0.262 89.2 0.329 85
38 2.638 1.89 2.324 21.8 1.237 56.7 0.533 80.8 0.208 91.4 0.237 89.2
40 2.634 2.04 2.315 221 1.16 59.4 0.415 85 0.181 92.5 0.208 90.5
42 2.632  2.11 2.296 22.8 1.034 59.5 0.301 89.1 0.159 93.4 0.152 93.1
44 2.621 2.52 2.244 24.5 0.955 63.8 0.14 94.9 0.147 93.9 0.142 93.5
46 2.615 2.75 2.228 25.1 0.876 69.4 0.119 95.7 0.127 94.7 0.132 94
48 2.608 3.01 2.2 26 0.811 71.6 0.083 97 0.118 95.1 0.123 94.4
50 2.606  3.08 2.151 27.6 0.753 73.6 0.075 97.3 0.086 96.4 0.086 96.1
52 2.605 3.12 2.139 28.1 0.631 77.9 0.065 97.6 0.025 98.9 0.032 98.5
54 2.604 3.16 2.129 28.4 0.508 82.2 0.054 98 0.016 99.3 0.012 99.4
56 2.603 3.19 2.1 29.4 0.415 85.5 0.032 98.8 0.01 99.5 0 100
58 2.602 3.28 2.084 29.9 0.347 87.8 0.025 99.1 0.01 99.6
60 2.601 3.27 2.039 31.4 0.22 92.3 0.014 99.4 0 100

Photodegradation of Anionic Dye (Fast green)

The selection of fast green (FG) was made
as an anionic dye displaying a significant absorption
band at 623 nm, for the evaluation of the fabricated
membranes’ photocatalytic performance. Identical
process (section 2.5) was used for FG photodegration
(30 mg L").In Fig. 9, the FG dye colour fastness at the
time that the photocatalytic reaction was taking place in
absence of photocatalyst, as can be observed, failed to
change even with increase in the time exposure to the
UV light irradiation, thereby indicating FG stability. In
contrast, the dye’s colour faded when TiO,NPs powder
was used in the form of a photocatalyst, indicating
FG decomposition; nonetheless, the degradation is
not complete. Furthermore, it was discovered that
the FG dye slowly decomposes when the fabricated
membranes was used with increase in the exposure
time to the UV light irradiation.
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Fig. 9. Photographic images representing the change in
colour of the anionic dye (FG) during photodegradation
under UV light irradiation

Figure 10 displays the change in the
FG spectra’s optical absorption for different time
intervals. Observation was made that the highest
absorption corresponding to FG failed to change in
the absence of the photocatalyst use when irradiation
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time was increased. Change took place in the FG
spectra’s optical absorption when TiO,NPs powder
was used for different time intervals, and it was
observed that the highest absorption corresponding
to FG was diminished by increasing the irradiation
time; nonetheless, complete FG degradation was
not achieved. It was further observed that there was
reduction in the absorption peak corresponding to FG
by increase in the irradiation time when membranes
were used in the form of photocatalyst, prior to final
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disappearance that indicated the accomplishment
of FG degradation without UV-Vis spectroscopy
detecting any other product left in the reaction
mixture. The start of degradation of the poly aromatic
rings in the dye resulting in the formation of mono-
substituted aromatics was the reason for this*!“2,
This result is confirmation of the ability of the photo
catalytic process in converting toxic chemicals to
non-toxic chemicals, and therefore this procedure is
seen as promising in the elimination of Fast green.
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Fig. 10. Absorption spectrum of FG (concentration = 30 mg L, volume 100 mL) without photocatalyst or with photocatalyst
following exposure to UV light (365 nm) and temperature 25+1°C, for absorbance measurement 350-800 nm

Table 6is a presentation of FG photochemical
degradation in the absence of photocatalyst. It was
discovered that 3.16% of FG degradation was
accomplished within 60 min when UV light alone
was used. It was discovered that 31.07% of FG
degradation was accomplished when TiO,NPs
powder was used. Furthermore, it was discovered
that 87.10 % of FG was accomplished when CS

membrane was used. It was discovered that 99.70
% of FG was accomplished when CS/TiO,NPs (L)
membrane was utilised, while it was discovered that
100 % of FG was accomplished within 60 min when
CS/TiO,NPs (M) membrane was utilised, and the
same 100% was accomplished with 56 min when
CS/TiO,NPs (H) membrane was used.



ALZAHRANI et al., Orient. J. Chem., Vol 36(1), 144-160 (2020)

156

Table 6: Photochemical degradation of FG under UV light using the fabricated membranes

FG without TiO,NPs Chitosan CS/TiO,NPs (L) CS/TiO,NPs (M) CS/TiO,NPs (H)
photocatalyst powder membrane membrane membrane membrane

T Ab D Ab D Ab D Ab D Ab D Ab D

(min) (a.u) (%) (a.u) (%) (a.u) (%) (a.u) (%) (a.u) (%) (a.u) (%)
0 2.999 0 2.967 0 2.731 0 2.413 0 2.377 0 217 0
2 2.995 0.13 2.913 1.82 2.413 11.6 2.036 15.6 2.003 15.7 1.824 15.9
4 2.994 0.16 2.874 3.13 2.356 13.7 1.878 221 1.789 24.8 1.506 30.5
6 2.992 0.23 2.811 5.25 2.079 23.8 1.645 31.8 1.502 36.8 1.222 43.6
8 2.991 0.26 2.783 6.2 1.986 27.2 1.427 40.8 1.413 40.5 1.21 44.2
10 2.987 0.4 2.732 7.92 1.887 30.9 1.235 48.8 1.275 46.3 1.164 46.3
12 2.986 0.43 2.683 9.57 1.632 40.2 0.977 59.5 1.163 51 0.99 54.3
14 2.984 0.5 2.662 10.2 1.622 40.6 0.775 67.8 0.837 64.7 0.819 62.2
16 2.981 0.6 2.635 111 1.545 43.4 0.76 68.5 0.714 69.9 0.73 66.3
18 2.977 0.73 2.626 11.4 1.518 44.4 0.683 71.6 0.682 71.3 0.542 75
20 2.974 0.83 2.615 11.8 1.497 451 0.601 75 0.583 75.4 0.458 78.8
22 2.967 1.06 2.596 12.5 1.464 46.3 0.577 76 0.541 77.2 0.391 81.9
24 2.965 1.13 2.586 12.8 1.41 48.3 0.555 76.9 0.538 77.3 0.276 87.2
26 2.964 1.16 2.544 14.2 1.361 50.1 0.524 78.2 0.442 81.4 0.244 88.7
28 2.958 1.36 2.511 15.3 1.26 53.8 0.437 81.8 0.4 83.1 0.237 89
30 2.957 1.4 2.485 16.2 1.192 56.3 0.337 86 0.348 85.3 0.212 90.2
32 2.949 1.66 2.469 16.7 1.188 56.4 0.335 86.1 0.315 86.4 0.158 92.7
34 2.944 1.83 2.444 17.6 1.138 58.3 0.318 86.8 0.265 88.8 0.146 93.2
36 2.941 1.93 2.421 18.4 1.082 60.3 0.262 89.1 0.233 90.1 0.124 94.2
38 2.94 1.96 2.413 18.6 1.045 61.7 0.209 91.3 0.211 91.1 0.122 94.3
40 2.933 2.2 2.383 19.6 1.04 61.9 0.173 92.8 0.181 92.3 0.117 94.6
42 2.93 2.3 2.363 20.3 0.962 64.7 0.136 94.3 0.176 92.5 0.097 95.5
44 2.929 2.33 2.329 215 0.914 66.5 0.121 94.9 0.15 93.6 0.081 96
46 2.925 246 2.277 23.2 0.838 69.3 0.1 95.8 0.145 93.8 0.08 96.2
48 2.922 2.56 2.26 23.8 0.832 69.5 0.088 96.3 0.137 94.2 0.079 96.3
50 2.918 2.7 2.194 26 0.779 71.4 0.061 97.4 0.108 95.4 0.076 96.4
52 2.912 2.9 2173 26.7 0.754 72.3 39 98.3 0.1 95.7 0.048 97.7
54 2.91 2.96 2.137 27.9 0.675 75.2 0.026 98.9 0.094 96 0.041 98.1
56 2.908 3.03 2.084 29.7 0.609 77.7 0.013 99.4 0.046 98 0 100
58 2.905 3.13 2.061 30.5 0.564 79.3 0.008 99.6 0.003 99.9

60 2.904 3.16 2.045 31.07 0.351 87.1 0.005 99.7 0 100

Mechanism of Reaction

Pseudo-first order kinetics: have been
used extensively to describe experimental data, the
capability of k equations to describe experimental
kinetic data has been assessed by fitting these rate
laws to experimental data. Where the theoretical
equations are used to correlate experimental data
for sorption kinetics of some solutes on various
sorbents. In(Co/C) = kt, was used in the computation
of the reaction rate in the photodegradation
experiment, where the absorptions measured at
different illumination times are represented by Co
and C and the reaction rate is represented by k,
while the reaction time during the decomposition of
dye is represented by #*347. The computation of the
reaction rate (k) for the dye photodecomposition was
conducted by plotting a graph between In (Co/C) and
t. The relationship between In (Co/C) and tin the

form of an irradiation time function is presented in
Fig. 11. AOP is hydroxyl radicals’ highly dependent
chemical oxidation process for the removal of organic
compounds present in water*. The triggering of
photocatalytic reactions takes place when a photon
with a higher energy compared to its band gap is
absorbed by a photocatalyst like TIO,NPs (Fig. 12).
Next, the formation of an electron-hole pair occurs
when an electron in the valence band excites to
the conduction band. The electron-hole pair and
excited conduction-band electrons have the ability of
migrating to the TiO,NPs surface for the inducement
of oxidation and reduction procedures. The oxygen
molecules then scavenged the electrons from the
TiO,NPs conduction for the formation of superoxide
ions (O,). The formation of hydroxyl radicals (xOH)
takes place when there is a reaction of the superoxide
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ions with protons or when there is reaction of water
molecules with an electron-hole pair*. Repeated
hydroxyl| radicals and superoxide ions attacks will
eventually result in organic compounds degradation
that includes dyes®.
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Fig. 11. Degradation kinetics of dyes with respect to time
(C,and C are the equilibrium concentrations of the dye
before and after photodegradation
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Fig. 12. Mechanism of photocatalysis

CONCLUSION

Nanocomposite membranes based on
CS/TiO,NPs were fabricated. Characterization of
Nanocomposite membranes was carried out by
using different surface and analytical techniques
inorder to evaluate the effect of TiO, nanoparticles
incorporation in the chitosan matrix. There are
variations in the developed nanocomposite films’
photocatalytic degradation based on nanoparticles
and irradiation time concentration, FT-IR analysis
made it possible for the molecular interactions’
characterisation taking place after TiO,NPs
inclusion, and surface analysis (SEM and EDX)
clearly showed nanoparticles’ presence with large
surface area. There was exhibition of significant
photocatalytic activity by membranes that contained
photocatalyst nanoparticles under UV radiation
against different types of dyes that were studied.
The results recommended the suitability of the
TiO,NPs incorporation to CS composite membrane
for the development of photocatalytic degradation
membrane.
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