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The Al:2MoZn0O7 (AMZ) nanocomposite had been successfully synthesized via co-precipitation method
followed by a low temperature calcinations treatment process. It had been found that such an Al,MoZnO-
nanocomposites exhibits higher photocatalytic activity and stability than pure ZnO towards the aqueous
phase degradation of acid orange II dye under visible light (400 nm < ). The presence of Al3+/Mo¢*/Zn2*

ions in Al2MoZnO7 and the formation of defects in the lattice are believed to play an essential role in
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influencing the photo-reactivity. The different types of active species scavengers are also play the
photocatalytic process. The synthesized Al;MoZnO; nanocomposites were characterized by UV-Vis
spectroscopy, X-ray diffraction (XRD), SEM, TEM, EDAX and FTIR techniques. The average particle size
and grain sizes of AMZ are around 6.5+0.3 nm and 5045 nm measured from TEM and SEM respectively.
The band gap energy AMZ and pure ZnO NPs was calculated from UV-Vis absorption and Tauc plot; and
was found to be increased from 3.31 eV to 3.62 eV as Al and Mo co-doped in ZnO matrix. The optical

absorption spectrum of ZnO NPs was blue shifted as co-doping of Al3* and Mo+ ions in ZnO particles. In
photoluminescence study showed that the effect of Al and Mo doped in ZnO NPs and the UV-emission
peak was appeared around 323 nm. Photocatalytic study revealed that AMZ nanocomposite exhibited
maximum degradation 82% for acid orange II dye under visible light irradiation within 50 minutes.

1. Introduction

Dyestuffs produced by Textile industries always constitute a largest
number of organic compounds mainly phenolic derivatives which causes
different environmental hazards and damage the human life. In the
presence of a large number of aromatic groups in dye molecules and the
stability of modern dyes, traditional and conventional techniques have
been failure for the discoloration and degradation of dyes. Therefore, new
methods are required for investigation which could conduct complete
decomposition of dyes [1]. Most of the azo dyes are extensively used in
textile, paper, leather, gasoline, additives, foodstuffs and cosmetics
industry [2]. So it is very much essential to develop methods that can lead
to destruction of such hazardous compounds. Removal of coloured
contaminates from industrial effluents has been a major concerned for
waste water treatment. There are so many physical methods [3], biological
methods [4,5] and chemical methods [6] are most frequently employed for
treatment of remove pollutants from dye industrial effluents. The
presence of acid orange Il dye, rhodamine B etc, an organic dye in
discharged dye effluents is the most harmful for human beings [7-9]. For
this purpose wide band gap containing metal oxide semiconductors are
more attractive candidates for the removal of organic pollutants in water
upon exposure to sun light radiation to degrade the harmful organic
contaminants into harmless mineral acids. The most effective
photocatalytic degradation of many dyes was carried out by using
nanoparticles metal semiconductor oxides. Now-a-days, different kind of
semiconductors has been studied as photocatalyst such as TiOz, ZnO, CdS,
WO3, etc. Most of these semiconductor photocatalysts have band gap
equivalent to or larger than 3.5 eV and promote photocatalysis upon
irradiation with UV light. The limited amount of UV light in the Sun light
(around 7%) stands as a big obstacle in the direct use of solar energy for
photocatalytic decomposition of organic and inorganic contaminants
[10,11]. Photocatalysis has been established as an efficient process for the
mineralization of toxic organic compounds [12], hazardous inorganic
materials [13] and microbial disinfection [14] in water as a result of the
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formation of hydroxylradical (OH*), which acts as a strong oxidizing agent
[15]. Some of the commonly used metal oxide semiconductor
photocatalysts are titanium dioxide (TiO2z), zinc oxide (ZnO), tungsten
oxide (WO3), strontium titanate (SrTiOs), and hematite (a-Fe203) [16-20].
Recently, it has been demonstrated that the semi-conducting materials
mediated photocatalytic oxidation reactions of organic compounds are
very successful, conventional alternative methods for the removal of
organic pollutants from water [21-24]. Among the various photo catalytic
semiconducting metal oxide, zinc oxide (ZnO) is considered to be a
technologically prodigious material having a wide spectrum of
applications such as that of a semiconductor (Eg= 3.37 eV), magnetic
material, electroluminescent material, UV-absorber, piezoelectric sensor
and actuator, nanostructure varistor, field emission displaying material,
thermoelectric material, gas sensor, constituent of cosmetics etc., [25-27].
To overcome this ZnO is an excellent material with a large number of
active sites and exhibits very high surface reactivity in visible light
irradiation as compared to TiO2. High reaction and mineralization rates in
ZnO photocatalysis have been reported due to the efficient generation of
hydroxyl [28-30]. In ZnO, there is a multiplicity of levels, some deriving
from residual impurities, some from oxygen deficiency, and others related
to topographical irregularities [31,32]. Doping of non-metal and metal in
ZnO nanoparticles can enhance the photo catalytic activity due to increase
the surface defects, thereby affecting the optical and electronic transitions
[33]. There are reports of the enhancement of optical absorption in ZnO by
doping with transition metal ions such as Ag, Pb, Mn, and Co [34-39]. But
no one can report the doping of Al and Mo codoped in ZnO. Sakthivel et al.
have proved that ZnO can comparatively absorb more light than TiO; in
the region where the light absorption occurs due to band gap excitation
[40,41]. The uses of ZnO as a photocatalyst for photodegradation of
environmental pollutants has also been extensively studied, because of its
nontoxic nature, low cost, and high photochemical reactivity. Bismuth
oxide (Bi203) has been investigated extensively due to its optical and
electrical properties such as refractive index, large energy band gap,
dielectric permittivity as well as remarkable photoluminescence and
photoconductivity. At the same time molybdenum has also crucial role for
his catalytic activity. Therefore, the present work shows very much
interest on nanocomposites due to different metal which has different
properties and gives promising result. Doping of ZnO with non-metal and
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transition metals might shift the optical absorption of ZnO to the visible
region. It was found that the presence of a small quantity of Al, Bi and Mo
can effectively increase the photocatalytic efficiency of ZnO during the
degradation of different organic dyes.

In this paper, the Al;M0Zn0; nanocomposites were prepared by co-
precipitation method. The various influencing factors of Al:MoZnO-
nanocomposites photocatalytic degradation of acid orange II dye were
investigated to enhance the photocatalytic efficiency. Furthermore, the
kinetic equations of photocatalytic reaction and possible photocatalytic
degradation mechanism were further evaluated and investigated.

2. Experimental Methods

2.1 Chemicals

All reagents aluminium nitrate nonahydrate [AI(NO3)3.9H:0],
ammonium heptamolybdate tetrahydrate [(NH4)sMo07024.4H;0], zinc
oxide (Zn0), ethylene glycol, and ethanol were provided from analytical
grade, supplied from Merck Co. and conc.NH4OH, hydrochloric acid (HCI)
from AB Enterprises Mumbai, India. Acid orange II (C1¢H11N2Na04S) was
synthesized in our laboratory without purification.

Table 1 Physical properties and structure of acid orange II dye

Name Acid orange II dye
Molecular Formula C16H11N2NaO4S
Molecular Weight 350.32
Appearance Orange-Brown powder
PH Amber to orange PH 7.4-8.6
Amax (nm) 484
Structure Na+

el ¢

= )N
N )
HO

IUPAC name Sodium 4-[(2E)-2-(2-oxonaphthalene-1-

ylidene)hydrazinyl]benzenesulfonate

2.2 Synthesis of Al;MoZn0; (AMZ) Nanocomposite

The nanocomposite of Al:MoZnO7 and pure ZnO nanoparticles were
prepared by simple co-precipitation method. Initially, 2.370 g of
Al(NO3)3.9H20 salt was immersed in deionized water under stirred
condition till the Al-salt completely dissolved in it, then added small
amount of dilute HCI to obtain clear solution. After that the solution was
stirred for 30 minutes at 900 rpm followed by addition of 20 mL EtOH to
this solution under same stirring condition. Again same way, 0.253 g of
ZnO was dissolved in 20 mL distilled water in the presence of small
amount of dilute HCI to prepare clear transparent Zn-salt solution and
added the resulting solution to Al-salt solution drop by drop. Finally, we
were added 0.539 g of (NH4)sM070244H20 solution which was made up by
dissolved it in 10 mL distilled water in the presence of small amount of
dilute HC], to the precursor solution and the resulting solution was stirred
for an hour at room temperature.

AI(NO;);
+dil HCI

solution

Clear
solution

Homogeneous
solution

ZnO + dil
HCI
solution

Clear
solution

Added conc.
NH,OH to
adjust PH 9

Fig. 1 Schematic flow chart diagram for synthesis of AMZ nanocomposite

After that concentrated NH4OH was added drop wise to the precursor
solution under stirring condition and it was adjusted to pH 9.0, a white
precipitated was immediately formed. The obtained precipitate was then
filtered, washed with distilled water several times and ethanol. The

precipitate was then dried in a vacuum oven at 150 °C and obtained the
https://doi.org/10.30799/jacs.223.20060201

white powder, Al MoZnOy. The synthesis procedure is shown in Fig. 1. For
comparison, same method was used to synthesize pure ZnO.

2.3 Characterization

The structure of the prepared nanocomposites were measured by X-ray
diffractometer (XRD) at room temperature, using a XPERT-PRO PW3071
diffractometer with CuKa (A=1.5418 A) as target material using 40 kV
accelerating voltage, 30 mA emission current. The initial absorbance of
acid orange II (NO) dye was measured with the help of UV-vis
spectrophotometer (Perkin Elmer Lambda 35). The average grain sizes of
nanocomposites and atomic level dispersion were measured by scanning
electron microscopy (SEM) and energy dispersive X-ray spectroscopy
(EDX) (JEOLJMS-5800). FTIR spectra were recorded at room temperature
using a Perkin-Elmer Paragon 1000 FT-IR spectrometer (JEOL JMS-5800).
The fine structure of the prepared nanocomposites is analyzed by
transmission electron microscopy (TEM) (TM-300, Philips). The DLS was
measured by Zetasizer nano instrument. The PL spectra are recorded in
JASCO FP 8500 spectroflurometer instrument equipped with 150 W Xe
source between 200 and 700 nm for different excitation wavelength.

2.4 Photocatalytic Experiment

Acid orange II dye solution was made with an aqueous stock solution of
1000 mg/L. The pH was adjusted with sodium hydroxide and hydrochloric
acid solutions. The photocatalytic activity of the prepared
nanocomposites, Al MoZnO- is substantiated in the following procedure.
The photocatalytic reaction was carried out under visible light irradiation.
All the experiments were performed at room temperature. Reaction
solutions were prepared by adding 0.05 g of AMZ photocatalyst
nanopowder into 30 mL acid orange II dye. After photocatalytic process,
the concentration of the solution was determined by absorption
spectrometry using UV-vis spectrometer (PERKIN ELMER, LAMBDA 35)
at its maximum absorption wavelength of 484 nm. The concentration
reduction results and percent of photocatalytic degradation (%) was
calculated with equation,

Removal efficiency % = (%) x 100 (@8]

In this equation, Co is the initial concentration of dye solution and C is
the final concentration of dye solution after the photocatalytic process.
The experiments were done with different photocatalytic values for two
synthesized samples and the results were presented as a reduction in dye
concentration.

3. Results and Discussion

3.1 XRD Analysis

Fig. 2 illustrates the X-ray diffraction patterns for the nanostructure
ZnO and co-doped ZnO nanocomposites. The high and sharp diffracted
intensity of X-rays for nanostructure Zno, it is clear that all the particles
exhibit good crystalline nature. XRD pattern of Al and Mo co-doped ZnO
nanocomposites samples were found almost same as that of pure ZnO
nanoparticles. In pure ZnO nanoparticles, it was found that the different
characteristic peaks were observed at an angle 2theta i.e. at 31.97, 34.62,
36.40, 47.67, 56.78, 63.05, 66.53, 68.15 and 69.22° which corresponds to
miller indices (100), (002), (101), (102), (110), (103), (200), (112) and
(201) respectively. All these peaks and miller indices are related to the
standard hexagonal wurtzite crystal structure of pure ZnO NPs indexed
and compared with JCPDS card No. 05-0664. It was found that the intense
XRD peaks of AMZ were slightly shifting towards left from XRD peaks of
pure ZnO nanoparticles due to some oxide defects in the crystals and well
doping of AI3* and Mo¢* ions in ZnO crystal lattice. It is clearly indicates
that AMZ is a mixture of compositions of all the metal ions. Due to Al and
Mo ions doping inside the periodic crystal lattice of Zn0O, a small amount of
strain is persuaded. This results in the swap of lattice which leads to
change in the regularity of crystal. However, very careful inferences
indicate that the peak position shifts towards the lower angle values as
observed with doping of Al and Mo ions into ZnO matrix. Especially for the
peaks located at i.e. 20 values are 25.82° and 29.35° indicates the shift
towards lower value with doping, which can be attributed to the
replacement of some Zn?* ions by either Al3* or Mo¢* ions. It is well
reported in the literature that the lattice characteristics of the host
materials get changed due to incorporation of dopant materials. This
happens due to their variance in atomic radii of Al3* and Mo¢* compared
with Zn?* ion radius. Although dopant ions may replace Zn ions, the basic
structure of ZnO NPs is remain unaltered and they retain their original
Waurtzite structure. The average crystallite size was calculated by using
Debye-Scherer’s formula;
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where 4 is the wavelength of the radiation (1.5406 R), B is the full width at
half maximum intensity and 6 is the diffraction angle. From the calculated
values, it is observed that the average crystalline size decreases with
doping of Al and Mo ions (Table 2).
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Fig. 2 XRD spectra of (a) AMZ nanocomposites and (b) pure ZnO nanoparticle

Table 2 Lattice parameters of pure ZnO and AMZ nanocomposites

Sample name Lattice parameter crystallite Size (nm)

a(A%) c(A9) c/aratio
Pure ZnO NPs 3.24 5.20 1.605 24.13
AMZ 3.25 5.20 1.6 10.15

3.2 FTIR Spectra Analysis

Fig. 3 represents the FTIR spectra of the AMZ nanocomposites and pure
ZnO nanoparticles which were obtained after calcinations at 500 °C in
muffle furnace for 3 hours. It shows that nanocomposition of AMZ gives
absorption peaks at 3469 cm! corresponds to the strong O-H stretching
mode of vibration is present on the surface due to moisture and there is
also a weak and broad stretching vibration at 3199 cm. The peak is
appeared at 1618 cm! due to the deformation vibration of HOH molecules.
Below 600 cm'}, a single strong peak around 437 cm'! was observed in Fig.
3(b). Fig. 3(a) exhibits three vibration bands in the range 500 to 925 cm-.
These signals display stretching bands in the 500-925 cm! range,
associated with the vibrations of metal-oxygen, aluminium-oxygen and
metal-oxygen-aluminium [42,43]. So the doped samples show the three
peaks around 500-925 cm'! for the nanocomposites that is assigned to the
formation of aluminium molybdenum zincates. The strong bands at 1405
cm? in the FTIR spectrum of AMZ is probably arising from stretching
modes of vibration of C-H bonds. The absorption peaks at 595 cm?
corresponds to the stretching frequency of Mo=0...Mo bond present in
AMZ nanocomposites.

The Fig. 3(b) shows the FTIR spectra of pure ZnO nanoparticles. The
band at 3443 cm indicates the O-H stretching mode of vibration and the
sharp peak at around 2360 cm! suggesting the deformation vibration of
H20 molecules. The two weak bands at 1638 cm™ and 1385 cm with
comparatively strong band at around 1483 cm! assigned the
characteristics bending vibrations of N-H, C-H bonds. The bands in the
regionat 1112 cm to 673 cm! attributes the strong stretching vibrations
of C-O and C-H bonds respectively. Finally the bands at 437 cm™ has
assigned for Zn-0 bond vibrations.
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Fig. 3 The FTIR spectra of (a) AMZ nanocomposites and (b) pure ZnO nanoparticles

3.3 SEM Analysis

The study of morphology and structure were investigated using
scanning electron microscopy and shown in Fig. 4 for AMZ and pure ZnO
NPs. Pure ZnO showed that particle morphology as broken, irregular and
flowerlike shape. A lot of ZnO nanoparticles with flowerlike morphology
can be seen clearly from Fig. 4(b). According to the measurement, the
particles sizes gave information about surface morphology of
https://doi.org/10.30799 /jacs.223.20060201

nanoparticles. Fig. 4(a) represents the SEM image of AMZ nanocomposites
was also clearly seen that the surfaces are flakes in shape, some
agglomeration was there and they are arranged in irregular manner and
average grain sizes was found to be ~ 50+5 nm.

2000
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No. of particles

g

50 w 150 200 250 0 100 200 300 400 500
Size (d.nm) Size (d.nm)

Fig. 4 SEM image of (a) AMZ nanocomposites, (b) ZnO and (c) the histogram for

particle frequency and the grain size of the nanocomposites AMZ (d) pure ZnO; the

average grain sizes were found to be 505 nm and 20+2 nm

3.4 Energy Dispersive X-Ray (EDX) Spectra Analysis

Elemental structure of AMZ and pure ZnO NPs were studied by use of
energy dispersive X-ray (EDX) spectra analysis. In this study, investigation
has done for the elemental composition of synthesized samples and for the
confirmation of successful doping of Al3* Mo¢* ions in ZnO matrix. The Fig.
5(a) represent the EDX signals and the percentage composition of AMZ
sample were shown in table putting in the Fig. 5. The EDX spectrum of pure
ZnO NPs and its percentage elemental analysis is also shown in Fig. 5(b).
In this EDX signals, the peaks appearing in the areas 1-3, 8-10 and 18-20
keV are directly related to the characteristic of aluminum, molybdenum
and zinc for synthesized AMZ nanocomposites. In addition, the peaks
appearing in areas 0-2 and 8-10 keV related to Zn bonding energy (shown
in Fig. 5(b)).

Element | Weight% | Atomic%
OK 60.67 79.43
AIK 2091 16.23
313 100
15.29 334
100.00

A (b) Element | Weight% | Atomic%

OK 1743 46.30

ZnK 82. 53.70

Total 100
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Fig. 5 EDAX spectrum of (a) AMZ nanocomposites and (b) pure ZnO NPs
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Fig. 6 (a) TEM image of AMZ nanocomposites and (b) the histogram for particle

frequency and the particle size of the nanocomposites; the average diameter was
6.5+0.3 nm

3.5 TEM Analysis

Fig. 6 exhibits the TEM image of AMZ nanocomposite particles. The
particle size distributed between 1 nm and 15 nm. The average size of
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nanocomposite particles was about 6.5+0.3 nm, which is in agreement
with the values obtained from Scherrer’s formula. The particles are
separated by well-defined boundaries, visible and uniformly distributed.

3.6 Determination of Optical Energy Band Gap Analysis

The optical band gap was determined from the analysis of the
absorption spectrum as described by Tauc plot using the formula,

athv = Ao(hv-Eg)" 3)

In this equation, hv is the energy of incident photons and E; is the value
of the optical band gap corresponding to transitions indicated by the value
of n. Ao is a constant which depends on the transition probability [44,45].
A best linear fit was found for n=0.5 which indicates an allowed direct
transitions in the material. The extrapolation of the Tauc plot to the
abscissa gives the value of the optical band gap shown in Fig. 7. The values
of the AMZ and ZNPs were found to be 3.62 eV and 3.31eV respectively.
The calculated optical band gap of pure ZnO NPs matches value given in
literature [46-48]. For doping of Al3* and Mo¢* ions in ZnO to form AMZ
particles, the band gap was found to increase which indicates the blue shift
(AEg = 0.31 eV). It is explained by quantum size effect, the smaller the
crystallite size of the nanoparticles, the higher the band gap energy.
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Fig. 7 (a) UV-vis absorption spectrum of AMZ and Tauc plot; (b) UV-vis absorption
spectrum of pure ZnO nanoparticles and Tauc plot having energy band gap 3.62 eV
and 3.31 eV respectively

3.7 Dynamic Light Scattering (DLS) Analysis

Particle size distribution was determined by dynamic light scattering
analyzed based on measuring the time dependent fluctuation of scattering
of light by nanoparticles undergoing Brownian movement [49,50].
Dynamic light scattering is widely used technique for the determination of
particle size and surface charges of nanoparticles. In Fig. 8(a) and (b) show
the particle size distribution of AMZ and ZnO NPs from which obtained the
average particle size of AMZ and pure ZnO NPs and were found to be 28
nm and 16 nm respectively. The identical result is conformed to the XRD
pattern [51-54]. Thus a good correlation is found among the XRD, SEM and
DLS techniques which is experiment based similarity in size of
nanoparticles, which ranges within 10 nm to 28 nm.

N
=
o

(a) AMZ *1(b)

Intensity (%)
Intensity(%0)

0 2'0 4'0 G'D 3'0 100 0 2'0 4'0 6'0 5'0 100
Size (d nm) Size (d nm)
Fig. 8 DLS spectra of (a) AMZ and (b) pure ZnO NPs

3.8 Fluorescence Study

The room temperature photoluminescence (PL) spectra recorded for
AMZ and ZnO nanoparticles are shown in Fig. 9. The PL spectra of AMZ
nanocomposite exhibit the six emission peaks appeared at 293 nm, 305
nm, 322 nm, 418 nm, 539 nm and 586 nm and pure ZnO NPs also exhibits
six peaks appeared at 367 nm, 377 nm, 402 nm, 422 nm, 475 nm and 664
nm. The strong emission peak observed at 322 nm and 539 nm
respectively for AMZ particles and 402 nm and 664 nm for pure ZnO NPs
which is assigned to the UV-visible emission. Generally the UV emission
should be attributed to near band-edge emission of the wide band gap of
AMZ and originated due to the slow exciton recombination between the
photogenerated electrons in combination band and holes in the valence
https://doi.org/10.30799/jacs.223.20060201

band. The near band edge emission at 402 nm was attributed to the free
exciton recombination in ZnO reported [55,56]. The strong emission peak
at 664 nm arises due to violet emission. In addition, a sharp blue emission
peak observed at 475 nm corresponds to the single ionized oxygen
vacancies in the ZnO and resulted from the recombination of a photon-
generated hole with the single ionized charge state of the defects. As the
A3+ and Mo¢* doped is introduced into ZnO, the intensity of the emission
peak is decreased when compared with that of pure ZnO which indicates
that the number of vacancies decreased and UV emission peak position of
AMZ experiences a blue shift from 664 nm to 539 nm. It was also found
that the intensity of the emission peak is decreased with increase in
concentration for both AMZ and pure ZnO NPs samples. This may be
attributed by quenching effect which is caused by the formation of non-
fluorescent dimers with increase in concentration.

NICINVEAT)

300 400 500 600 700
Wavelength(nm)

Fig. 9 Fluorescence spectra of AMZ nanocomposites and pure ZnO NPs

3.9 Photodegradation and Kinetics

The measurements of photoctatalytic activities were carried out for the
AMZ nanocomposite and pure ZnO nanoparticles. The photocatalytic
activities of AMZ catalyst was evaluated by measuring the degradation of
NO in aqueous solution under visible light irradiation. In the present work,
acid orange Il was chosen as a model compound for photo degradation,
since acid orange II dye is a good example of anionic azo dyes and non-
biodegradable [57]. The photocatalytic activity of the samples can be
evaluated quantitatively by comparing apparent speed of the reaction.
Photo catalytic degradation generally follows Langmuir-Hinshelwood
mechanism,

dc _ kKC

r=——=
dt 1+KC

(4)

where r is the reaction rate, k is the rate constant and K is the absorption
constant. If concentration is low, KC in the denominator is less than unity
and can be ignored. So the rate Eq.(4) can be written as,

Tz_%szC =kappc (5)
The integrated form of Eq.(5) leads to the following equation,
[4
—ln(E) =kapp C (6]

In this equation, Co, C and kapp are the initial concentration of dye, the
dye concentration after photocatalytic degradation and apparent rate
constant, respectively. By plotting of -In(C/Co) with time, kapp is obtained
from the slope of the graphs (Table 3). The kinetic models of zero order,
first order, second order and pseudo second order were used to
investigate the photocatalytic degradation profiles. The results showed
that the data were consistent with different kinetic models but the second
order illustrated the best fitting with experimental data.

To study of reaction kinetics, 0.05 g of AMZ photocatalyst nanopowder
AMZ and same amount of ZNP were taken in 30 mL acid orange II dye
solutions into separate reaction vessels. Then a small volume of reactant
liquid was siphoned out into a quartz cell and measures the UV-visible
spectra in UV-Visible spectrophotometer at constant time interval of 10
minutes. It was found that the initial absorption peak of acid orange II dye
appears at 484 nm with absorbance of 1.299 and their changes in presence
of photocatalysts which are shown in Fig. 10(a) and (b). After addition of
the catalyst fades away the color of acid orange II dye slowly with the
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progress of reaction and decreased gradually the characteristic peak of
acid orange Il dye at 484 nm with increasing the visible light exposure
time. It was found that peak almost disappeared after 50 minutes of
photocatalytic reaction for AMZ nanocomposites but surprisingly it was
noticed that increase the absorption peak intensity in presence of ZnO
nanparticles with no change of colour of acid orange II dye. This can be
attribute that the Zn?* ion may be for strong interaction with dye which is
quite stable under the same reaction conditions. In Fig. 10(d) shows that
after 50 minutes irradiation of acid orange Il dye in presence of AMZ
nanocomposite, the percentage of degradation is approximately ~82%.

Fliotodegradation i Acid Photodegradation of Acid Orange 11 in presence of ZNP
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Table 3 Linear kinetic models of the dye photocatalytic degradation

Model Equation Samples  k R2

Zero order Co-Ce =kt AMZ 0.01861  0.84708
First order Ln(Ct/Co) = -kt AMZ 0.03466  0.97411
Second order 1/C+1/Co AMZ 0.07858  0.98787

Pseudo Second order t/Ci=t/Co- 1/kCe2  AMZ 4.65684  0.91496
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3.10 Mechanism of Photocatalytic Degradation

Mechanism of photodegradtion of acid orange II dye could be explained
as: the Al and Mo incorporated ZnO is responsible for reducing photo-
induced electron-hole charge recombination and prolongs the lifetime of
photo-excited electrons. As shown in Fig. 12, after visible light irradiation
of AMZ nanocomposites, the electrons are excited from valence band to
conduction band and holes generated at VB of ZnO. Then the photo excited
electrons are transferred from ZnO to AMZ because Al and Mo acts as an
electron sink which ultimately generated *OH radicals in the presence of
oxygen molecule [58,59]. These *OH radicals, superoxide radicals were
responsible for the photodegradation of Acid orange II dye over AMZ
nanocomposites. The following equations illustrate the photocatalytic
reactions by the formation of carbon dioxide and water as products of the
degradation as reported in different studies [60].

AMZ + hv - e + h'we (7)

h* vs) + OH- - OH* 8)

h*we) + H20 g *OH +H~* 9

0z +e - (075 (10)
Na+

gy O
Opon+ C;JS/ONN ——% CO,+H,0+ SO +NOy + Na*
HO

(11

Ml Mo 0y o *
E,=3.62eV .
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AR [Mot* y e e e e-
oH 0, 1‘ hy
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AMZ OH
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‘0, , OH

CO, + H,0 + SO, + NO;
+ Na*

Fig. 12 Schematic diagrams showing the photo-catalytic mechanism of AMZ and pure
ZnO nanoparticles

4. Conclusion

In this research, highly stable dispersed Al:MoZnO; (AMZ)
nanocomposites were synthesized by the facile and simple co-
precipitation process. The synthesized nanocomposites were
characterized by UV-vis, XRD, EDX, SEM, TEM, DLS, photoluminescence
and FTIR analyses and then used for photocatalytic degradation of an
aqueous solution of acid orange II dye. The band gap investigations
showed that AMZ increases the photocatalytic degradation of the resulting
nanocomposite. The percentage of degradation efficiency by AMZ to acid
orange II dye was found to be 82% during 50 min irradiation of visible
light. Investigation of dye removal kinetic models showed the
conformation of the second order model to the process of acid orange II
dye degradation by synthetic nanocomposite. Our current work is
expected to offer new insight into the AMZ nanocomposite as a
photocatalyst under visible light irradiation.
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