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ABSTRACT 
Environmental pollution, especially water pollution, is a serious problem faced by the world nowadays. Dyes from the 
textile industry are one of the main causes of water pollution. One of the most widely used methods to reduce dyes 
pollution is the photocatalytic degradation method. In this paper, structurally modified biopolymer nanocomposites were 
synthesized by simple precipitation method. The obtained nanocomposites were characterized by X-ray diffraction 
(XRD), Scanning Electron Microscopy (SEM), Energy Dispersive X-ray Analysis (EDAX), Atomic Force Microscopy 
(AFM), Transmission Electron Microscopy (TEM), UV-vis absorption spectroscopy and FTIR. The XRD results 
indicated the nanocomposites are highly crystalline, having the hexagonal wurtzite structure. The particle size can be 
calculated from the Debye scherrer’s formula. The optical properties are studied by UV-visible absorption spectroscopy. 
In addition, the photocatalytic activity was investigated against methylene blue dye. A good photocatalytic activity was 
observed from zinc oxide doped biopolymer nanocomposites.  
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1. INTRODUCTION  
In recent years, development of inorganic-organic hybrid 
materials on nanometer scale has received significant 
attention due to a wide range of potential applications 
and high absorption in the visible part of the spectrum 
and high mobility of the charge carriers [1-3]. Numerous 
metal and metal oxide nanoparticles have been 
encapsulated into polymers to form nanocomposites 
(NCs). The NCs exhibit combination of properties like 
conductivity, electrochemical, catalytic and optical 
properties facilitating innumerable applications like 
electro chromic devices, light-emitting diodes, 
electromagnetic interference shielding, secondary 
batteries, electrostatic discharge systems, chemical and 
bio-chemical sensors [4] etc. The polymer composites 
with conventionally filled were described as the new class 
of materials which enhances the performance, strength, 
heat resistance, conductivity of the materials [5]. When 
inorganic particles were doped in a polymer matrix, it 

improves the physical properties of the polymer such as 
conductivity/resistance [6-7]. The polymer with metal 
oxide doped nanocomposites dramatically show interest 
to the researchers due to the surprising hybrid properties 
derived from the polymer and metal oxide [8-9]. 
In recent decades, semiconductor nanocrystals have great 
research attention because of their great potential in 
opto-electronics and bio-applications [10-12]. The II-VI 
group semiconductors have been intensively studied due 
to their unique functions than that of other 
semiconductors. ZnO is a well known semiconductor 
because of its unique optical and bio-compatible 
properties that possess huge advantages over other 
counterparts as a better candidate for bio-applications 
[13-14]. Among the various nanocrystalline materials, 
ZnO with particle size in the range of several nm are 
treated as exclusively suitable material for various 
applications because of their unique properties [15]. ZnO 
nanostructures have a wide band gap of 3.37eV and 
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excitation binding energy of 60Mev [16-18]. In order to 
tune the size, shape and properties of ZnO, various 
synthetic methods have been adopted [19-22]. Various 
synthetic pathways can be adopted for the synthesis of 
ZnO in many shapes and particle sizes [23-25]. Various 
synthetic approaches, including hydrothermal [26-28], 
solvothermal methods [29-31], microemulsion [32], sol-
gel method [33], and thermal decomposition of 
precursors [34-35] have already been reported in the 
literature. These chemical processes are efficient 
methods for the preparation of nanoparticles in large 
scale [36-37].  
Dyes, especially methylene blue, are mainly used in the 
textile, paper, synthetic leather and food industry due to 
high chemical stability. Effluents containing dyes are 
discharged into water leading to very serious 
environmental problems such as mutagenic and 
carcinogenic to humans and aquatic organisms. Many 
proposed methods of environmental decontamination 
involve oxidation of the organic pollutants [38]. Using 
semiconductor photocatalysts to oxidize and remove such 
pollutants from water has many advantages over other 
alternative methods [39]. ZnO nanomaterials are 
nontoxic and allow very little harm to the environment 
in which they are used, contrary to most other methods 
of decontamination. However, there is a little concern 
about the dissolution of ZnO nanoparticles resulting in 
Zn toxicity in marine environments [40]. Furthermore, 
ZnO photocatalysts need not be re-activated after 
undergoing photoinduced oxidation and reduction 
reactions. Conversely, activated carbon, a popular choice 
for water purification, requires costly and potentially 
polluting reactivation. This paper reports the synthesis of 
structurally modified nanocomposites using ZnO doped 
biopolymer nanomaterials. Structural, morphological, 
optical properties and photocatalytic activity of zinc 
oxide doped carboxy methyl cellulose biopolymer 
nanocomposite was studied against methylene blue dye. 
 

2. MATERIAL AND METHODS 
The procedures for the synthesis of ZnO nanoparticles 
and ZnO doped CMC nanocomposite are briefly 
summarized below. Zn(NO3)2, (NH4)2CO3, sodium 
hydroxide, ethanol, and de-ionized water were used in 
the experiments. All the reagents used in this study were 
of analytical grade. 
 

2.1. Synthesis of ZnO nano particles 
Zn(NO3)2 and (NH4)2CO3 were dissolved in high-purity 
water to form solutions of 1.5 and 2.25 mol/L 
concentrations respectively. The Zn(NO3)2 solutions 

were slowly dropped into the (NH4)2CO3 solutions under 
vigorous stirring in a magnetic stirrer for 2 hours. The 
precipitate derived from the above reaction was collected 
by filtration and rinsed three times with high-purity water 
and ethanol, respectively. The precipitate was then dried 
at 80°C to form the precursors ZnO. Finally, the 
precursors were calcined at a temperature of 500°C for 2 
hr in the muffle furnace to obtain the nano-sized ZnO 
particles. 
 

2.2. Synthesis of ZnO doped CMC nano-
composite 

Calculated quantities of the precursor ZnO nanoparticles 
thus prepared by the above procedure was mixed with 
50ml of a solution containing Carboxy methyl cellulose 
by the continuous dripping of sodium hydroxide from a 
burette and stirred uniformly in a magnetic stirrer for 
about 6 hours. The obtained mixture was poured in an 
autoclave coated with Teflon lining maintained at 180°C 
for 12 hours filtered, washed with ethanol and water & 
dried at 80°C for 2 hours so as to obtain the ZnO doped 
CMC nanocomposite. 
 

2.3. Characterization Techniques 
The nanocomposites are generally characterized by their 
size, morphology and shape. By using the advanced 
techniques such as X-ray Diffraction (XRD), Scanning 
electron Microscopy (SEM), Transmission Electron 
Microscopy (TEM) and Atomic Force Microscopy 
(AFM). The average particle size, the surface morphology 
and shape of the nanocomposites were investigated. 
Fourier Transform Infra Red (FTIR) spectroscopy and 
UV visible absorption spectroscopy were also performed. 
 

2.3.1. X-ray diffraction 
Using XRD, the particle size, nature of the compound, 
crystal planes and crystalline phases can be evaluated. 
Each phase exhibits peaks at different 2θ values. From the 
2θ values one can interpret the exact phase of the sample. 
X-ray diffraction (XRD) studies were carried out for the 
ZnO doped CMC nanocomposite 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 analyzed material is finely 
ground and average bulk composition is determined along 
with the particle size. 
 

2.3.2. UV visible absorption spectroscopy 
UV absorption of the synthesized nanocomposites has 
been performed using shimadazu UV-Vis spectrometer in 
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the wavelength range of 200-800 nm with 1000 mm 
quartz cell.  The spectrum is plotted for wavelength on 
X-axis against absorbance on Y-axis. 
 
2.3.3. Fourier Transform Infra red Spectroscopy 
Fourier Transform Infra Red (FTIR) spectroscopy is a 
very powerful technique which uses electromagnetic 
radiation in the infrared region for the determination and 
identification of molecular structure as well as having 
various quantitative applications within analytical 
chemistry. FTIR spectra (Model: Perkin Elmer 100) for 
the ZnO doped CMC polymer nanocomposite was 
studied in the frequency range of 400 - 4000 cm−1. 
 
2.3.4. Scanning Electron Microscopy 
Scanning electron microscopy (SEM) gives morphological 
examination with direct visualization. SEM of ZnO doped 
CMC nanocomposite was carried out using scanning 
electron microscopy (SEM Model: JEOL JSM 6360) 
operating at 20 kV. 
 
2.3.5. High resolution transmission electron 

microscopy (HRTEM) 
The surface characteristics of the sample are obtained 
from HRTEM which was performed for ZnO doped 
CMC nanocomposite using a JEOL JEM-3100F model 
transmission electron microscope. 
 
2.3.6. Atomic Force Microscopy (AFM) 
Atomic force microscopy (AFM) offers ultra-higher 
solution in particle size 8/9/8 measurement and is based 
on physical scanning of samples at sub-micron level using 
a probe tip of atomic scale. The topological study of ZnO 
doped CMC nanocomposite was carried out using atomic 
force microscopy (AFM Model: multimode V8). 
 
2.4. Photocatalytic Activity 
The photocatalytic activity of the ZnO doped CMC 
nanocomposite was evaluated by photocatalytic 
degradation of an aqueous solution of MB (Methylene 
blue) textile dye under direct sunlight irradiation. The 
photocatalytic experiments were carried out with 100 
mL solution of dye [5×10-5 M] and 20 mg of the catalyst 
at a constant pH 12 under constant stirring. About 3 mL 
of the aliquot solution was withdrawn at regular time 
intervals (0-120 min) from the reaction mixture, 
centrifuged and the decrease in absorbance values was 
measured. A control experiment was also carried out 
under identical experimental conditions using 
commercial MB without catalyst. 

% Decolourization = [(CO - C) ÷ CO] X 100 
Where, Co is the initial concentration of dye solution, C 
is the concentration of dye solution after photocatalytic 
degradation. 
 
3. RESULTS AND DISCUSSION 
3.1. XRD Analysis 
The crystalline structure and particle size of ZnO doped 
biopolymer nanocomposite were determined using XRD 
pattern and their corresponding patterns are shown in fig. 
1. All the indexed peaks in the obtained spectrum are 
well matched with that of nanosized zinc oxide (JCPDS 
file no. 36-1451), confirming the hexagonal wurtzite 
structure with high purity. The different peaks are 
obtained along the (100), (002), (101), (102) and (110) 
planes. The information about the particle size of ZnO 
doped biopolymer nanocomposite has been obtained 
from the following Scherrer relations. 

D=0.94λ/βcosθ ----------- (1) 
Where D is the average particle size, λ is the wavelength 
of incident X-ray (1.541 8Ǻ), β is the full width half 
maximum (FWHM) of X-ray and θ is the position of the 
diffraction peak in the diffractogram. The particle size is 
found to be 41.5 nm. 
 

 
 
Fig. 1: XRD spectrum of ZnO doped CMC 
nanocomposites 
 
3.2. SEM with EDAX Analysis 
Scanning Electron Microscope was used to identify the 
surface morphology of the synthesized zinc oxide doped 
carboxy methyl cellulose nanocomposite on a nanoscale. 
This picture confirms the formation of zinc oxide doped 
carboxy methyl cellulose biopolymer nanocomposite and 
it suggests that the nanocomposite has spherical 
morphology. From the fig.2, it can be seen that the size 



 

                                                                     Rajalakshmi et al., J. Adv. Sci. Res., 2022; 13 (3): 56-64                                                                  59                    

Journal of Advanced Scientific Research, 2022; 13 (3): April-2022 

of the metal oxide doped biopolymer nanocomposite was 
less than 50 nm which was in good agreement with the 
grain size 41.5 nm as calculated from Debye - Scherrer 
formula of XRD. 
The EDAX spectrum of zinc oxide doped carboxy methyl 
cellulose nanocomposite is shown in Fig.3. The peaks are 
corresponding to Zn, O, Na and C are clearly observed in 
the EDAX spectra at their normal energy and the results 
clearly indicate the formation of zinc oxide doped 
carboxy methyl cellulose nanocomposite. 
 

 
 
Fig. 2: SEM image of ZnO doped CMC nano-
composites 
 

 
 
Fig. 3: EDAX spectrum of ZnO doped CMC nano-
composites 
 
3.3. AFM Analysis 
Fig. 4 shows the 2D images of the synthesized zinc oxide 
doped carboxy methyl cellulose nano-composite. The 
Atomic force microscopy was used to identify the 
topology and the size range was found to be around 87.2 
nm rendering 3D profile. However, the maximum 

surface particle size of the ZnO doped CMC 
nanocomposite lie within 45 nm. Surface roughness, 
porosity and dimension were also evaluated from AFM 
image. 
 

 
 
Fig. 4: AFM (2D) image of ZnO doped CMC 
nanocomposites 
 
3.4. TEM Analysis 
The synthesized zinc oxide doped carboxy methyl 
cellulose biopolymer nanocomposite was further 
characterized by transmission electron microscope. The 
shape and particle size of the sample was investigated 
using TEM analysis. The TEM images of zinc oxide doped 
carboxy methyl cellulose biopolymer nanocomposite 
obtained from simple method is shown in Fig. 5. The 
particle size of the synthesized ZnO nanocomposite was 
found to be in the range of 30-50 nm. It can be observed 
that ZnO nanoparticles are present as spherical granules 
which are well crystallized and embedded in the CMC 
matrix. 
 

 
 

Fig. 5: TEM image of ZnO doped CMC nano-
composites 
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3.5. Optical Analysis 
The optical property of the zinc oxide doped carboxy 
methyl cellulose nanocomposite was analyzed by UV-Vis 
absorption spectroscopy at room temperature in the 
wavelength range between 200 and 800 nm as shown in 
the Fig. 6. The classical relation for near edge absorption 
of semiconductors [41] was utilized. The size of the 
nanocomposites plays an important role in changing the 
entire properties of the nanomaterials as the 
semiconducting nanoparticles becomes very essential to 
explore the properties of the materials. UV-visible 
absorption spectroscopy is a widely used technique to 
examine the optical properties of nanosized materials 
[42]. The UV-Vis absorption spectrum of the synthesized 
nanocomposite exhibits a strong absorption band at about 
325 nm which can be assigned to the intrinsic band-gap 
absorption of ZnO. 
 
3.6. FTIR Analysis 
FTIR spectrum of the synthesized zinc oxide doped 
carboxy methyl cellulose nanocomposite is given in the 
Fig.7. The absorption band at 438 cm-1 corresponds to 
the hexagonal wurtzite type ZnO. The appearance of a 
broad band at 3431 cm-1 corresponds to the stretching 
vibration of O-H groups indicating that the O-H 
complexes are associated with different defects and  

increased free-carrier concentration [41]. A mild 
absorption band at 1384 cm-1 may be either due to the 
existence of unreacted zinc nitrate [43-44] or due to the 
carbonate moieties which is generally observed when FT-
IR samples are measured in air [45]. The vibrational 
modes observed at 2854 and 2924 cm-1 and that at 1628 
cm-1 correspond to the stretching vibrations of C-H and 
C=O of COOH group attributed to the CMC moiety. 
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Fig. 6: UV-Vis absorption spectra of the ZnO 
doped CMC nanocomposites 

 

 
 

Fig. 7: FTIR spectra of the ZnO doped CMC nanocomposites 
 
3.7. Photocatalytic Activity 
The photocatalytic degradation studies have been 
performed by the degradation of methylene blue dye in 
aqueous solution under direct sunlight. The zinc oxide 

doped carboxy methyl cellulose biopolymer 
nanocomposite was used as a photocatalyst for the 
decomposition of the MB dye by the hydroxyl radicals 
formed at their interface. The absorption at 664 nm was 
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chosen to monitor the photocatalytic degradation 
process of MB dye. The degradation of MB dye was 
visually detected by gradual decrease in the colour from 
deep blue to colourless solution which was further 
confirmed by the decrease of the peak intensity at 664 
nm during 120 min exposure in direct sunlight as shown 
in Fig. 8. The kinetic plot of ln(A/A0) versus time (T) 
shows a linear graph suggesting that the degradation 
follows pseudo first order kinetics with a linear 
regression coefficient (R2) 0.988 (Fig.9). 
 

 
 
Fig. 8: UV-Vis absorption spectra of methylene 
blue treated with ZnO doped CMC nano-
composites in the photocatalytic reaction 
 

 
 
Fig. 9: The kinetic fit for the photocatalytic 
degradation of MB dye 
 
3.8. Effect of contact time 
The contact time plays a crucial role in the 
photocatalytic degradation of methylene blue (MB) dye. 
The effects of contact time on the photocatalytic 

degradation of MB dye with constant dose of the catalyst 
(20 mg), pH (12) and initial concentration (5 × 10–5M) 
of MB dye was studied. It has been observed from the 
Fig. 10 that the percentage of photodegradation 
increases with increase in contact time and complete 
degradation was achieved within 120 minutes under 
direct sunlight irradiation. The experimental results 
showed that the photocatalytic degradation of 
methylene blue dye obey apparently pseudo first order 
kinetics and the rate expression is given by the following 
equation, 

ln (Co/Ct) = kt 

Where, Co = initial concentration of dye solution; Ct = 
concentration of dye solution at various time intervals. 
 

 
 

Fig. 10: Effect of contact time 
 

3.9. Effect of catalyst dosage 
The photocatalytic degradation of MB dye was observed 
by varying the amount of catalyst dosage from 10 mg to 
20 mg as illustrated in Fig. 11. The increase in the 
efficiency with the increase of catalyst dosage seems to 
be due to the increase in the total surface area, namely 
number of active sites available for the photocatalytic 
reaction as the dosage of photocatalyst is increased. 
However, when the photocatalyst was overdosed, the 
number of active sites on the surface of the photocatalyst 
may become almost constant due to the decreased light 
penetration, increased light scattering and loss in surface 
area caused by the agglomeration at high solid 
concentration [46-51]. 
 
3.10. Effect of initial concentration of dye 
The photocatalytic degradation of MB dye was carried 
out by varying the initial concentrations of the dye from 
10 ppm to 50 ppm under direct sunlight. When the 
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concentration of the dye molecules was increased, the 
percentage removal was decreased. This is due to the 
adsorption of excessive dye molecules on the surface of 
the photocatalyst. Thereby the photon entering pathway 
may be reduced. This trend of photocatalytic 
degradation of MB dye is shown in Fig. 12 [52-53]. 
 

 
 

Fig. 11: Effect of catalyst 
 

 
 

Fig. 12: Effect of concentration of dye 
 

3.11. Effect of pH 
The contaminated water from textile industries 
normally has a wide range of pH values. Hence the 
experiment was carried out in the pH range 2 to 14 as 
shown in Fig. 13. The percentage removal of MB 
increases from 2 to 12 and then becomes almost 
constant at pH more than 12. This behavior is due to the 
active sites of CMC carrying a negative charge while the 
MB carries a positive charge, which causes an 
electrostatic force of attraction between them and 
attracts many MB cations from the solution. In contrast, 
at lower pH, the positive charge increases on CMC, 
resulting in electronic repulsion with MB cations. 

 
Fig. 13: Effect of pH 

 

4. CONCLUSION 
The zinc oxide doped carboxy methyl cellulose 
nanocomposite was fabricated by a facile method. The 
synthesized nanocomposite was found to exhibit 
wurtzite hexagonal structure with high purity. The 
XRD result proves that the size was approximately 41.5 
nm calculated using Debye Scherrer formula. SEM 
image revealed the spherical morphology for the 
nanocomposite. The EDX peaks are corresponding to 
Zn, O and C are clearly observed in the EDX spectrum. 
The shape and size of the sample is inferred from TEM 
image. The zinc oxide doped carboxy methyl cellulose 
polymer nanocomposite was found in the range of 30–
50 nm. It can be observed that ZnO nanoparticles are 
present as small granules with spherical shape and are 
embedded in the biopolymer matrix. The FTIR 
spectrum confirms the functional groups of zinc oxide 
doped carboxy methyl cellulose nanocomposites. The 
UV absorption spectrum of zinc oxide doped carboxy 
methyl cellulose biopolymer nanocomposite exhibits a 
strong absorption band at about 325 nm which can be 
attributed to the intrinsic band-gap absorption of ZnO. 
Photocatalytic activity studies where performed 
effectively on MB dye and 80% removal was achieved 
with catalytic loading of 20 mg at an initial 
concentration of 10 ppm and an optimum pH 12 in 120 
minutes. Based on the above analysis, the resulting 
materials are found to be very useful in waste water 
treatment. 
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