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Abstract

The present investigation aims to synthesize, characterize, and study the photocatalytic activities of zinc
oxide/biopolymer nanocomposites. Sodium alginate and carboxy methyl cellulose were the biopolymers used. A
simple precipitation method was adopted for the synthesis. The zinc oxide nanoparticles were calcined at 550°C for
2 hours in a muffle furnace and then mixed with the respective biopolymers under proper proportions and the
resulting mixtures were poured in an autoclave maintained at 180°C for 12 hours, filtered, washed and dried at 60°C
for 2 hours. The synthesized nanocomposites were characterized using XRD, SEM, TEM, FTIR, UV-VIS and AFM.
The photocatalytic activities of the nanocomposites were tested using methylene blue dye under different
experimental conditions by varying the pH, catalytic dosage, concentration of the dye and contact time. Excellent

photocatalytic degradation of the dye was achieved under direct sunlight irradiation for both nanocomposites.

*Cortesponding Author: T. Uma Rajalakshmi DX rajiumaselva@gmail.com
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Introduction

Nanotechnology is the science and engineering of
ceramics or crystalline materials, glasses or non-
crystalline materials, polymers or long molecular
chain materials and metals or cohesively bonded
materials (HoltzJ et al, 1997). During the last
decades  semiconductor-assisted  photocatalytic
oxidation processes have received considerable
attention due to their potential application in
photocatalysis, environmental remediation, self-
cleaning and bactericidal coatings, new generation
solar cells, hydrogen production and sensing. In this
perspective, TiO» and ZnO represent the most widely
used photocatalyst due to its high chemical stability,
commercial availability and excellent -catalytic
properties (Hengyu Xu et al., 2022; Redouane

Haounati et al., 2023).

Interestingly, nanocomposite materials offer the
opportunity to incorporate in the same host matrix
multiple functions deriving from distinct types of
nanocatalysts such as semiconductor nanoparticles
(NPs) (i.e. TiOz or ZnO), metals, carbon nanotubes
and graphene. The range of wavelength needed for
photocatalysis to the visible region, to make them re-
coverable by using magnetic field or to increase their
efficiency by enhancing the lifetime of the electron-
hole pair. (ZnO), copper oxide (CuO) (Liu et al,
2004a; Jiang et al, 2002; Lin et al., 2004), nickel
oxide (NiO) (Hagfeldt et al., 2001; Liu et al., 2004b;
Nuli et al., 2003) gallium oxide (Ga=03) (Dai et al,
2002; Changhyun et al, 2012) etc. Water
contamination becomes a severe issue because 2% of
dyes produced from different industries are discharged

directly to aqueous effluents (Rauf et al., 2009).

They create severe environmental problems due to
organic and inorganic chemicals in them. It drags the
attention of many researchers due to potentially
carcinogenic pollutants in contaminated water. So, it
is necessary to remove colored dyes before
discharging them into the environment (Pearce et al.,
2003; Robinson et al., 2001). Therefore, its removal
from the polluted water is of significant importance.
environmental

Many proposed methods of

decontamination involve the oxidation of organic
pollutants. However, one of the main challenges is to
incorporate photocatalytic nanomaterials in properly
designed host polymers, for instance hybrid
inorganic-organic and fluorinated polymers, since
photocatalysts can degrade any organic material, and
thus also the organic matrix in which the NPs are
embedded. The overarching goal of this work is to
provide a critical study of current research on the
Metal

Nanocomposites on the integrated adsorptive and

applications of oxide/Biopolymer

photocatalytic removal of dyestuff in the environment.

Material methods

Zinc Nitrate, Ammonium Carbonate, Sodium Alginate
and Ethanol were availed from Merck, India Pt. Ltd.
Deionised water was used throughout the reaction
process. All the reagents used in this study were of

analytical grade.

Preparation of Zincoxide Nanoparticle

The Zn (NOjz). solutions (1.5 mol/L) was slowly
dropped into the (NH,4)COs3 solution (2.25 mol/L)
with vigorous stirring. Then the precipitate derived
from the above reaction was collected by filtration
and rinsed three times with high-purity water
followed by ethanol. Subsequently the washed
precipitate was dried at 80°C to form the precursor
Zincoxide. Finally, the precursor was calcined at a
temperature of 550°C for 2 hrs in the muffle furnace
(Changchunchen et al.,, 2008) to obtain the Nano-

sized Zincoxide particles.

Preparation of Photocatalytic =~ Nanocomposite
Materials

The precursor Zinc oxide nanoparticle is mixed with
1ooml of solution containing biopolymers sodium
alginate and carboxyl methyl cellulose under proper
proportions and stirred uniformly for about 6 hours.
The resulting mixtures are poured in an autoclave
coated with Teflon lining maintained at 180°C for 12
hours, filtered, washed with ethanol and water and
dried at 80°C for 2 hours. The synthesized
nanocomposite was characterised by XRD, SEM,

TEM, FTIR and AFM were investigated.
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Results and discussion

X-ray diffraction

X-ray diffraction pattern is used to confirm the purity,
phase, average particle size and overall crystallinity of
the synthesized nanocomposites. Fig. 1 shows the
XRD patterns of a. precursor ZnO b. ZnO / SA and c.
ZnO /emC nanocomposites. The peaks at 20 = 31°,
34°, 36°, 47°, 56°, 62°, 67° and 69° of Zinc oxide/
sodium alginate nanocomposites are corresponding
to (100), (002), (101), (102), (110), (103), (112) and
(201) in the JCPDS data card 89-0510. Hexagonal
structure of zinc oxide was confirmed by the (1 0 1)
crystalline peak and the average crystal size of
synthesized ZnO / SA nanoparticle is calculated to be
43 nm. The presence of sodium alginate as well as
characteristic reflections indicated the maintenance
of the sodium alginate and Zinc oxide nanoparticles
in crystallographic organization of  the
nanocomposites. The presence of high and narrow
shaped peaks highlights that Zinc oxide nanoparticles
possess high crystallinity and low surface defects
(Uma Rajalakshmi and
Alagumuthu, 2019; 2021) and were of ultrapure phase
and the XRD for ZnO /ecmC nanocomposites (JCPDS

file no. 36-1451) as shown in the fig ¢, confirms that

(Lupan et al., 2o010;

the synthesized nanocomposites have wurtzite
hexagonal structure with high purity. The different
peak orientations were observed along the (100),
(002), (101), (102) and (110) planes which is in good
agreement with the intrinsic fundamental structure of
zinc oxide as reported in the literature and the

particle size was calculated to be 41 nm.
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Fig. 1. The XRD patterns of a. precursor ZnO b.
ZnO/SA c. ZnOcmC.

Scanning Electron Microscopy

SEM was used to study the surface morphology of the
synthesized nanocomposites. This image was proved
to confirm the structural morphology of the
synthesized a. ZnO/ SA nanocomposite and b. ZnO
/emC nanocomposite. Fig 2 depicts the uniform
distribution of roughly spherical shaped ZnO into the
SA andemC biopolymer matrices. It is observed that
7ZnO particles are surrounded by the bio polymer
matrix hence it appears as agglomerated
macromolecules (Raizada et al., 2014; Byrappa et al.,

2006; Sobana et al., 2007).
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Fig. 2. The structural morphology of the synthesized
a. ZnO/ SA nanocomposite and b. ZnO /cmC

nanocomposite

Transmission Electron Microscopy

Fig. 3 shows the TEM image of the prepared a. ZnO/
SA and b. ZnO /ecmC nanocomposites. The size of the
particle observed in the TEM image is in the range of
40-45nm which is in the good agreement with that
calculated using Debye—Scherrer formula. The shape
of the nanoparticles is in accordance with the
hexagonal wurtzite structure of ZnO which are

homogeneously dispersed in the biopolymer matrix.

After composite formation, ZnO nanoparticles were
found to be entrapped in the biopolymer matrix.
Therefore, the nanoparticles were not simply mixed
up or blended with the bio-polymer; they were rather
bound by the bio-polymer chain (Vinayagam et al.,
2018; Chen et al., 2014).

Fig. 3. The TEM image of the prepared a. ZnO/ SA

and b. ZnO /ecmC nanocomposite

Fourier transforms infrared spectroscopy

Fourier transform infrared spectroscopy (FTIR) data
of the a. ZnO/ SA and b. ZnO /ecmC nanocomposites
are represented in the Fig 4. The infrared absorption
measurements are carried out to characterize the
nanocomposites potential interactions. In the fig a.
the absorption band characteristic of alginate were
observed at 3448cm- corresponding to OH group and
the peaks near 1637cm™ 1543cm™ and 1460cm™
assigned to symmetric and asymmetric stretching
vibration of COO~ groups, respectively (Dang et al.,
2018; Uma Rajalakshmi and Alagumuthu, 2019;
2021). The band around 1100cm™ (C-O-O) stretching)
were attributed to its saccharide structure. The
absorption band around 1738cm™ may be attributed
to the C-O stretching of the lactone. The broadening
of the peak at 3448cm? could be due to
intermolecular hydrogen bonding between ZnO and
alginate molecules. In the fig b. the vibrational mode
at 438cm™ corresponds to Zn-O absorption in the

hexagonal type ZnO. The characteristic band at
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3431cm corresponds to the stretching vibration of O-
H groups. The presence of other band at 1384cm is
probably due to the carbonate moieties which is
observed when FT-IR

measured in air (Lili et al., 2006). Vibrational mode

generally samples are
observed at 2854 and 2924cm™ is due to C-H
stretching vibration. TheemC displays a broad peak at
1628cm-corresponding to stretching vibration of
C=0 of (COOH) group.
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Fig. 4. Fourier transform infrared spectroscopy
(FTIR) data of the a. ZnO/ SA and b. ZnO /ecmC

nanocomposite

UV-VIS absorption spectra

The room temperature UV-vis absorption spectra of
ZnO / SA and ZnO /emC nanocomposites are shown
in Fig. 5 a and b. The nanocomposites were dispersed
in ethanol with a concentration of 0.1% wt. and then
the solutions were used to perform the UV-vis
measurement. The spectra reveal a characteristic
absorption peak of zinc oxide at a wavelength of 330

nm which can be assigned to the intrinsic band-gap

absorption of zinc oxide due to the electron
transitions from the valence band to the conduction
band (O2p — Zn3d) (Byrappa et al., 2006; Sobana et
al., 2007; (Uma Rajalakshmi and Alagumuthu, 20109;
2021). In addition, this sharp peak shows that the
particles are in nanosized, and the particle size

distribution is narrow.
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Fig. UV-Vis absorption spectra of a.ZnO / SAb. ZnO

/emC nanocomposite

Atomic Force microscope

Surface topology of the synthesized nanocomposites
were studied by Atomic Force microscope (AFM)
analysis as shown in Fig. 6 a and b. The results
showed a uniform surface and indicated that
the particles have uniform dimensions and maximum
surface particle size of the ZnO / biopolymer
nanocomposites are within 45 nm. Roughness,
porosity and particle dimension were evaluated by

AFM image (Thi and Lee, 2017; Chen et al., 2016).
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Fig. 6. AFM images of a. ZnO / SAb. ZnO /cmC.

Photocatalytic degradation studies

The photocatalytic activities is evaluated by the
degradation of MB dye in aqueous solution under
using ZnO /SA and ZnO /emC

nanocomposites which were used as photocatalysts

sunlight

for the decomposition of the MB dye by the hydroxyl

radicals formed at their interface.

The absorption of MB dye at 664 nm was chosen to
monitor the photocatalytic degradation process. Dye
degradation was visually detected by gradual change

in the color from deep blue to colorless solution.

The dye degradations in the presence of synthesized
ZnO / SA and ZnO /cmC nanocomposites were
verified by the decrease of the peak intensity at 664
nm during 120 min exposure in sunlight shown in

Fig7 a and b. The enhanced photocatalytic

performance in the case of the synthesized
nanocomposite is attributed to the synergistic effects
between ZnO nanoparticles and biopolymers which
can decrease the rate of recombination of electron-
hole pairs caused by the trapping of excited electrons
from the conduction band of ZnO nanoparticles (Thi
and Lee, 2017; Chen et al., 2016; Yang et al., 2018a;
Melian et al., 2009; Raizada et al., 2014; Byrappa et
al., 2006; Sobana et al., 2007; Vinayagam et al.,

2018; Chen et al., 2014).

It has been reported that their photocatalytic activity
relies on the particle size, phase structure, adsorption
capability, and e-/h* recombination rate (Yang et al.,
2018b; (Uma Rajalakshmi and Alagumuthu, 2019;
2021). The kinetic plot of In (A/A0) versus time (T)
shows a linear graph in Fig.8 which suggests that the
degradation follows a first order kinetics with a linear

regression coefficient (R2) 0.988.
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Fig.7. UV-Vis spectra of MB dye treated under
photocatalytic reaction in the presence of a. ZnO / SA
and b. ZnO /ecmC.
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Fig. 8. The photocatalytic degradation of MB dye and
kinetics fit for the degradation..

Effect of catalyst loading

The percentage removal of the MB dye was found to
vary linearly with increase in the dose of the catalyst
(10-50)mg for a. ZnO / SA and 10-20mg for b. ZnO
/emC) indicating the heterogeneous regime as shown
in Fig.9. a and b. This may probably be due to: (i)
increase in the extent of dye adsorption on the catalyst
surface; (ii) increase in the number of surface-active
sites; (iii)enhanced generation of hydroxyl radicals due
to increase in the concentration of charge carriers
(Baran et al., 2008; Neppolian et al., 2002 (Uma

Rajalakshmi and Alagumuthu, 2019; 2021).
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Fig. 9. Variation of % removal of the dye against catalyst
loading for a.ZnO / SA and b. ZnO /emC.

Effect of initial concentration of dye

The initial concentration of the MB dye with constant
catalytic loading (50mg/somlfor ZnO / SAand
20mg/50ml for ZnO /emC) was varied from 10ppm to
soppm. It was observed that the rate constant
decreases from 10ppm to 50ppm dye concentration.
This is due to the fact that more dye molecules are
available in the photoactive volume for the
degradation process. Rate constant decreases with
further increase in concentration of dye above the
optimal value. The decrease is attributed to the fact
that the dye itself will start acting as a filter for the
incident irradiation, reducing the photoactive volume.
At low concentrations, the reverse effect is observed
(Kudo and Miseki, 2009; Uma Rajalakshmi and

Alagumuthu, 2019; 2021), as shown in Fig.10 a and b.
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Fig. 10. Variation of% removal of the dye against
concentration of the dye for a.ZnO /SA andb. ZnO
/emC

Effect of irradiation time
Irradiation time plays an important role in the

photocatalytic degradation process of MBdye. Effect
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of irradiation time with constant dose of the catalyst
(50mg/50mL for ZnO / SA and 20mg/50ml for ZnO
/emC) and initial concentration (10ppm) of MB dye
has been observed from the Fig.11 a and b, that the
percentage of photodegradation increases with
increase in irradiation time and complete degradation
was obtained within 150 minutes for ZnO / SA
and 120 minutes for ZnO /cmC nanocomposites. This
may be due to with increase in irradiation time, dye
molecules and catalysts have enough time to take part
in photocatalytic degradation process and hence
percentage of degradation increases (Meenakshi
Uma Rajalakshmi and

Sundaram et al, 2014;

Alagumuthu, 2019; 2021).
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Fig. 11. Variation of% removal of MB dye against
irradiation time for a.ZnO / SA and b. ZnO /ecmC.

Effect of pH variation
The wastewater from textile industries usually has a
wide range of pH values. Further, the generation of

hydroxyl radicals is also a function of pH. The pH is

varied from 2 to 12 as shown in the Fig 12 a and b
the% removal of MB dye is noted. Higher percentage
removal occurred at pH 12 because at this basic
condition the surface of the catalyst will become
negatively charged so the cationic dye (MB) was easily
attracted by the catalyst (Uma Rajalakshmi and

Alagumuthu, 2019; 2021).
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Fig.12. Variation of% removal of MB against pH for
a.ZnO / SA and b. ZnO /emC.

Reuse of catalyst
The reuse of a s50mg of synthesized ZnO /
of ZnO /emC

nanocomposite performed on a 10 ppm (50mL)

SA nanocomposite and 20mg
solution at an optimum pH 12 is performed for four
cycles, where the photocatalytic degradation of the
nanocomposite was reduced from 82% on the first
usage to 81%, 81% and 80% after the second (Uma
Rajalakshmi and Alagumuthu, 2019; 2021), third and
fourth cycles of reuse for ZnO / SA nanocomposite

and 80% on the first usage to 79%,79% and 78% after
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the second, third and fourth cycles of reuse for ZnO

/ecmC nanocomposite respectively as shown in Fig 13.
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Fig. 13. Reuse of catalyst.

Conclusion

The zinc oxide/sodium alginate and zinc
oxide/carboxy methyl cellulose nanocomposites were
prepared by a simple precipitation process. The XRD
patterns of the synthesized nanocomposites show that
the size was approximately 43 nm for zinc oxide/
sodium alginate and 41 nm for zinc oxide/carboxy
methyl cellulose nanocomposites From SEM analysis,
it is found that the particles are roughly spherical in
shape in which the zinc oxide nanoparticles were
homogeneously dispersed in the biopolymer matrix.
TEM results confirm the zinc oxide nano particles
with a mean diameter of 41-45 nm were encapsulated
by the biopolymers and hexagonal wurtzite structure
of ZnO is confirmed by XRD and TEM. AFM studies
reveal uniform surface topology. The FTIR spectrum
confirms the functional groups of alginates, carboxy
methyl cellulose and zinc oxide. UV-Vis absorption
spectra reveal the characteristic absorption of zinc
oxide nanoparticles around 330 nm. Photocatalytic
activity studies were performed effectively upon MB
dye and 82% and 80% removal was achieved
respectively at an optimum pH of 12 with catalytic
loading of 50mg and 20mg in an initial dye
concentration of 10 ppm within 150 minutes and 120
minutes respectively for zinc oxide/sodium alginate
and  zinc cellulose

oxide/carboxy = methyl

nanocomposites. The nanocomposites also showed

excellent reusability even after four cycles of
photocatalytic degradation of methylene blue dye. Thus,
the synthesised nanocomposites can be effectively

applied in waste water treatment to remove dyes.
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