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comparison to TiO2, zincoxide has been reported to
have higher photocatalytic efficiency [1]. zincoxide
can absorb over a larger fraction of UV radiation,
and the corresponding threshold of zincoxide is
425nm [2].Zincoxide (ZnO) is a unique material
with a direct band gap (3.34ev) and large excitation
binding energy of 60meV [3,4].It has been widely
used in near UV emission,gas sensors,transparent
conductor and piezoelectric applications[59].Among the natural polymers, sodiumalginate is a
natural linear polysaccharide consisting of
mannuronic acid and guluronic acid units [10-16].
Alginate proved to have biocompatibility,nontoxicity,non-immunogenicity,biodegradability,
antimicrobial activity,and can be simply gelled
with divalent cations.Water pollution has become
one of the major issues as it contains heavy ions
and reactive dyes from industries.The wastes from
the textile and dye industries are very poisonous,
toxic and harmful for the livings under water and
human beings [17,18].Many attempts have been
made to overcome this problem.Lizama et al.
reported zincoxide is more efficient catalyst than
TiO2 in degrading reactive blue 19(RB-19) in
aqueous solutions [19] zincoxide semiconductors
with direct wide band gap are highly efficient ntype semiconductors having high electron–hole
binding energy(60meV),and applications in
photocatalysis have received a great deal of interest
because of its good catalytic activity and quantum
efficiency[20].Various zincoxide nanostructures

Abstract:
Nanostructured zincoxide can be synthesized by
various methods such as physical,chemical,
electrochemical,etc.but chemical route has attracted
much attention due to the flexibility of controlling
the shape and size of the structures by tuning the
different growth conditions.In this work zincoxide
nanoparticles are synthesized in the first stage
followed by the synthesis of zincoxide /biopolymer
nanocomposite in the second stage under suitable
conditions.The synthesized zincoxide/biopolymer
nanocomposite is characterized by the instrumental
analysis viz XRD,SEM TEM FTIR etc.The XRD
pattern showed the crystalline nature and the
hexagonal structure of zincoxide.The shift and
change in intensity of various stretching and
bending FTIR modes shows the formation of the
nanocomposite.The use of the nanocomposite as a
photocatalyst was studied against methyleneblue
dye.
Keywords: Nanocomposite,zincoxide, bio polymer,
XRD,SEM,TEM.

1.Introduction:
Nano zincoxide (ZnO) attracted extensive research
because of its characteristic features and novel
applications in wide areas of science and
technology.zincoxide is a suitable alternative to
TiO2 because its photodegradation mechanism has
been proven to be similar to that of TiO2. In fact, in
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have been used to degrade the harmful dyes by
photocatalytic reaction under sunlight. We have
utilized zincoxide / biopolymer photocatalyst for
the degradation of methlylene blue dye. Methylene
blue(MB) is a heterocyclic aromatic chemical
compound used as a dye & as a pharmaceutical
drug. It enters water bodies through effluents from
textile,paper,and pharmaceutical industries and
adversely affects eco-system and aquatic life.
Presence of methylene blue in drinking water is a
health hazard as it causes eye and skin irritation,
hemolytic anemia,nausea,vomiting,and abdominal
pain.Therefore,its removal from the polluted water
is of significant importance.In the present work, a
direct precipitation method was employed to
synthesize nano-sized zincoxide particles, followed
by the formation of zincoxide/biopolymer
nanocomposite.The structural characteristics of the
nanocomposite were determined by XRD,SEM,
TEM, FTIR etc.

by JCPDS file. Fourier Transform Infra Red
(FTIR) spectroscopy (Model: Perkin Elmer 100) of
the nanocomposite was studied in the frequency
range of 400 - 4000 cm−1. Morphological study of
nanocomposite was carried out using scanning
electron microscopy (SEM Model: JEOL JSM
6360) at 20 kV. HRTEM was performed for the
nanocomposites using a JEOL JEM-3100F
transmission electron microscope.

4. Results and discussion
4.1 XRD
X-ray diffraction pattern is used to confirm the
purity,phase,average particle size and over all
crystallinity of the synthesized nanocomposites.
From Fig. 4.1, the peaks at 2θ = 31°,34°,36°,47°,
56°,62°,67°and69° of zincoxide/sodiumalginate
nanocomposites are corresponding to (100),(002),
(101),(102),(110),(103),(112) and (201) in the
JCPDS data card 89-0510. Hexagonal structure of
zincoxide was confirmed by the (1 0 1) crystalline
peak and the average crystal size of synthesized
nanoparticle is in the range 39-41nm. The presence
of sodiumalginate as well as
characteristic
reflections indicated the maintenance of the
sodiumalginate and zincoxide nanoparticles in
crystallographic organization of the nano
composites. The presence of high and narrow
shaped peaks highlight that zincoxide nanoparticles
possess high crystallinity and low surface defects
and were of ultrapure phase.

2.Experimental
Zincnitrate,ammonuimcarbonate,sodiumalginate
and ethanol were availed from Merck, India Pvt.
Ltd. Deionised water was used throughout the
reaction process. All the reagents used in this study
were of analytical grade. The Zn(NO3)2 solution
(1.5 mol/L) was
slowly dropped into the
(NH4)2CO3 solution (2.25 mol/L) with vigorous
stirring. And 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 precipite was
dried at 80 ◦C to form the precursor zincoxide.
Finally, the precursors was calcined at a
temperature of 550 ◦C for 2 hr in the muffle furnace
[21] to obtain the nano-sized zincoxide particles.
The precursor zincoxide nanoparticles is mixed
with 100ml of a solution containing biopolymer
sodiumalginate under proper proportions and
stirred uniformly for about 6 hours. The resulting
mixture is poured in an autoclave coated with
teflon lining maintained at 180◦C for 12hours,
filtered, washed with ethanol and water and dried at
80◦C for 2hours.The synthesized nanocomposite
was characterised by XRD,SEM, TEM,
FTIR,etc.Photo catalytic degredation was carried
out using the synthesized nanocompositie against
MB dye.

Fig.4.1
XRD
pattern
of
zincoxide/sodiumalginate nanocomposite
4.2 SEM
Figure 4.2 depicts the uniform distribution of
granular zincoxide into the polymer matrix.It is
observed that zincoxide particles are almost
spherical in shape,surrounded by the polymer
matrix &hence it appears as agglomerated
macromolecules.

3. Characterisation techniques
X-ray diffraction (XRD) studies were carried out
for the synthesized nanocomposites using a Philips
powder X-ray diffractometer (Model: PW1710).
The XRD patterns were recorded in the 2θ range of
10° - 80° with step width 0.02° and step time 1.25
sec using CuK α radiation (λ = 1.5406 Å). The
XRD patterns were analyzed by matching the
observed peaks with the standard pattern provided
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particles are in nanosize, and the particle size
distribution is narrow.

Figure 4.2 Shows the SEM image of the
synthesised
zincoxide
/sodiumalginate
nanocomposite

1.3

4.3 TEM

1

Figure 4.3 shows the TEM image of the prepared
zincoxide /sodiumalginate nanocomposite.The size
of the particle observed is in the range of 40-45nm
which is in good agreement with Debye–Scherer
formula using XRD. After composite formation,
zincoxide nanoparticles were found to be entrapped
in the bio polymer matrix.
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Fig4.5. UV-Vis absorption spectra of the
synthesized nanocompositie.

4.6 AFM
Surface topology of the synthesized zincoxide
nanoparticles was studied by Atomic Force
microscope (AFM) analysis as shown in Fig.4.6
The results showed a uniform surface and indicated
that the particles have uniform dimensions.

Figure 4.3 Shows the TEM image of the
prepared
zincoxide
/sodiumalginate
nanocomposite

4.4 FTIR
Fourier transform infrared spectroscopy
(FTIR) data of the zincoxide/sodiumalginate
nanocomposite is represented in the figure 4.4. The
absorption band characteristics of alginate were
observed at 3448cm-1 corresponding to OH group
and the peaks near 1637cm-1 1543cm-1 and 1460cm1
are assigned to symmetric and asymmetric
stretching vibration of COO- groups (dang et
al.,2018). The band around 1100cm-1 (C-O-C)
stretching were attributed to its saccharide structure
(nguyen et al.,2015).The absorption band around
2922cm-1 may be due to the C-H stretching of the
CH2 group. The peak around 450cm-1 is the
characteristic absorption of Zn-O bond.

Figure 4.6 Shows the AFM image of the
zincoxide /sodiumalginate nanocomposite

4.7 Photocatalytic degradation studies
4.7. (a). Effect of catalyst loading
The percentage of removal was found to enhance
linearly with increase in the dose of the catalyst (212mg) indicating the heterogeneous regime. This
may probably be due to: (i) increase in the extent of
dye adsorption molecules 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 [2226].
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Figure 4.4 Shows the FTIR image of the
zincoxide /sodiumalginate nanocomposite
% Removal of dye
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4.5. UV-VIS absorption spectra
The room temperature UV-vis absorption spectra of
zincoxide/biopolymer nanocompositie are shown
in Fig4.5.The
zincoxide/biopolymer
nanocompositie was dispersed in ethanol with
concentration of 0.1% wt and then the solution was
used to perform the UV-vis measurement. The
spectrum reveals a characteristic absorption peak of
zincoxide at wavelength of 370 nm which can be
assigned to the intrinsic band-gap absorption of
zincoxide due to the electron transitions from the
valence band to the conduction band (O2p →
Zn3d). In addition, this sharp peak shows that the
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Fig4.7.(a). Variation of % removal of the dye
against catalyst loading.
4.7.(b).Effect of initial concentration of dye
The initial concentration of the MB dye with
constant catalytic loading (12mg/50ml) was varied
from 10ppm to 50ppm. It was observed that the rate
constant decreases from 10ppm to 50ppm dye
concentration. This is due to the fact that more dye
84
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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 fact that the dye itself will start acting
as a filter for the incident irradiation, reducing the
photoactive volume. At low concentration, the
reverse effect is observed [27] as shown in
Fig.4.7.(b).

of hydroxyl radicals is also a function of pH. The
pH is varied from 2 to 12 and the % removal of dye
is noted. Higher percentage (73%, and 82%)
removal occured 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. So higher percentage
removal occur in basic condition.
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Fig.4.7.(d) Varation of % removal of dye against
pH

4.7.(c).Effect of irradiation time
4.7. (e) Reuse of Catalyst

Irradiation time plays an important role in the
photocatalytic degradation process of MB dye.
Effect of irradiation time with constant dose of the
catalysts (12mg/50 mL) and initial concentration
(10ppm) of MB dye. It has been observed from the
Fig.4.7.(c), that the percentage of photodegradation
increases with increase in irradiation time and
complete degradation was obtained with 150
minutes. 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 [28]. The results of
experiments showed that the photocatalytic
degradation of MB dye obey apparently pseudo
first order kinetics and the rate expression is given
by the following equation,
ln (Co/Ct) = kt -------- (1)
Where,
Co = initial concentration of dye solution
Ct = final concentration of dye solution
in various time interval

The reuse of a 12 mg of synthesized biopolymer
nanocomposite performed on a 10 ppm MB
solution (50 mL) is expressed as the number of
cycles,where the photocatalytic degradation of the
nanocomposite was reduced from 85% on the first
usage to 75%, 70% and 60% after the second, third
and fourth cycles of reuse, respectively. This
reduced dye photodegradation activity is in accord
with the appearance of synthesized zincoxide
biopolymer nanocomposite, which was clearly
changed in the morphology of the synthesized
zincoxide biopolymer nanocomposites due to the
Photodegradation.

5. Conclusion
The zincoxide /sodiumalginate nanocomposite
was prepared by a facile process. The XRD pattern
of the synthesized nanocomposite shows that the
size was approximately 40nm.From SEM analysis,
it is found that the particles are almost spherical in
shape in which the zincoxide nanoparticles were
homogeneously dispersed in the biopolymer
matrix. TEM results confirm that the zincoxide
nano particles (with a mean diameter of (40-45nm)
were encapsulated by the biopolymer. The FTIR
spectra confirms the functional groups of alignate
and zincoxide. UV-Vis absorbtion spectra reveals
the characterstic absorbtion of zincoxide
nanoparticles at 370 nm.Photocatalytic activity
studies where performed effectively on MB dye
and 82% removal was achieved at an optimum pH
of 12 with catalytic loading of 12 mg in a dye
concentration of 10 ppm.
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Fig4.7.(c) Variation of % removal of dye against
irradiation time
4.7. (d) Effect of pH variation
The wastewater from textile industries usually has
a wide range of pH values. Further, the generation
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