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Abstract−ZnO : Ag·Al nano-catalyst was synthesized by microwave technique. The characterization and evaluation
of this semiconductor catalyst was examined in contrast with ZnO and ZnO : Ag by X-ray diffraction (XRD), scan-
ning electron microscopy (SEM), tunneling electron microscopy (TEM) and Fourier transform infrared (FTIR) spec-
troscopy. Thermodynamic study of combustion synthesis showed the reaction temperature for ZnO : Ag·Al samples
decreased to 481.48 oC compared to ZnO that is 1141 oC. Tauc’s plot was used to calculate the band gap of samples and
the location of absorption edge was found at 380 nm. Different molar ratios of Ag and Al were examined to find the
best activity of catalyst. In this study, reactive blue 19 (RB19) as a water pollution was used to find the efficiency of cat-
alyst, and the effect of pH on the reaction was studied in a batch reactor under UV radiation. Also, the recyclability
experiments confirm that the synthesized ZnO : Ag·Al (7 mole% Ag and 3% mole Al) has responsible photocatalytic
activity as compared to ZnO at a similar operating condition.
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INTRODUCTION

Nano semiconductor materials, especially zinc oxide as a prom-
inent metal oxide with its exceptional properties, have attracted
experts’ attention. This semiconductor is known for high chemi-
cal stability, low toxicity, photocatalytic responsibility, low cost,
high efficiency, environmentally friendly, excellent optical and piezo-
electric [1,2]. It’s an important N-type semiconductor with wurtz-
ite structure, a wide-band gap of (2.92 eV-3.37 eV) and high ex-
citation binding energy (60 meV) [3-5]. Innovative developments
of using zinc oxide include a variety of applications and devices
like optics, gas sensors, diodes, catalysts, solar cells and widely em-
ployed in the textile, paint, ceramic and glass industries [6]. Among
ZnO properties, poor photon absorption limitation decreases its
achievement of high optical features. So, it highly depends on dop-
ing with other materials and synthesis methods to reach propi-
tious structures [7,8]. Metal doping is an efficient way to modify
the band gap of zinc oxide. There are papers discuss doped mate-
rials with ZnO such as: Mg [9], Cd [10], Sn [11] and it was also
reported some impurity such as Al and Ag improved photo cata-
lytic activities and enhanced oxygen vacancies [12].

ZnO materials were synthesized through a variety of techniques,
such as sol-gel technique [13], pulsed laser deposition [14], plasma-
assisted approach [15], thermal CVD [16] and hydrothermal pro-
cess [17] for different particular applications. All of these methods

attempted to incorporate impurity in ZnO and improve lattice
point of crystal structures. The main advantage of these techniques
is making nanosize ZnO particles; however, unfavorable high syn-
thesis temperature and high degree of technique complexity make
them into a challenge. Although, the mentioned methods need
expensive instruments, high power pumping system to handle truc-
ulent reaction products, large amount of solution and long time
for processing.

Microwave-assisted synthesis is a novel method for producing
materials, since microwave heating is an in situ mode of energy
conversion, and the microwave heating process is fundamentally
different from conventional heating processes. Heat will be gener-
ated internally within the material, instead of originating from ex-
ternal sources [18,19]. Microwave processing is low cost due to sav-
ing energy, good for synthesis of new materials with unique prop-
erties or structures, and it is proper to improve the consistency and
efficiency of the products. In addition, minimum energy is required
and necessary equipment for combustion synthesis is simple.

The present investigation discusses the efficiency of Al-doped
ZnO : Ag catalyst due chemical degradation of Reactive Blue 19
(RB19) as a represent toxic dye in industrial waste water. This dye is
widely used in wool textile dyeing, food and cosmetics. To the extent
of our knowledge, there are few papers that talk about synthesis of
Al doped ZnO : Ag composites regarding degradation of RB19.

MATERIAL AND METHODS

1. Materials
Zinc nitrate hexahydrate (Zn(NO3)2·6H2O), Silver nitrate (AgNO3),
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Aluminum nitrate (Al(NO3)3), glycine and glucose as the ingredi-
ents of the final products and Hydrogen peroxide (H2O2), H2SO4

and NaOH solutions are provided from Merck chemicals. The dye
(Reactive Blue 19; C.I. 61200) which has been used for photocata-
lytic testing of ZnO : Ag·Al is purchased from Alvan Sabet chemi-
cal company (Tehran, Iran).
2. Preparation of Al loaded ZnO : Ag

Microwave-assisted hydrothermal process was used to synthesize
ZnO : Ag·Al. Zinc nitrate hexahydrate, Zn (NO3)2·6H2O (Merck,
99.5%) with known amount of Silver nitrate (AgNO3) (Merck,
99.8%) and Aluminum nitrate Al(NO3)·9H2O (Merck, 99%) as the
precursors were used for the synthesis of this nanocomposite. About
5 g Zn(NO3)2·6H2O and 0.2 g AgNO3 were dissolved completely
into deionized water at 25 oC. Stoichiometric amounts of glucose
and glycine were added as fuel solution. To this, different amount
of Al(NO3)·9H2O was added and stirred slowly to prepare a level
mixture. The mixer was heated at 80 oC to avoid components reac-
tion until a viscous pale yellow gel appeared. A beaker containing the
yellow gel was placed into a microwave oven (900 W, 2450 MHz,
LG) and after about 60 s of continuous irradiation, the solution
started to burn spontaneously such that a foamy porous powder
was obtained. Synthesized catalysts contain 7 mol% of Ag (related
to ZnO) and set with 3, 7, 15 and 30 mol% of Al (related to ZnO),
respectively. The bare ZnO, ZnO : Ag and ZnO : Al were synthe-
sized by the particular procedure, too.
3. Analytical Methods

The composition of synthesized modified ZnO powder was
characterized by Fourier-transform infrared (FTIR) spectroscopy

using a Perkin-Elmer spectrometer. X-Ray diffraction (XRD) pat-
terns were performed on Cu-Kα (λ=1.54056 Ao) radiation in dif-
fraction angle (2θ) range of 10o to 100o with a typical step size of
0.026o with equipment STOE Stadi P to identify crystalline phase.
The surface morphology was observed with scanning electron mi-
croscopy technique (SEM) using the LEO 1455vp apparatus and
TEM using Philips EM 208. Decolorization and photocatalytic activ-
ity of treated catalyst was investigated by ultraviolet-visible (UV-vis)
absorption double beam spectrophotometer (Perkin-Elmer lambda
25 Model) over the wavelength range of 200 nm to 800 nm.

RESULT AND DISCUSSION

1. Characterization
Characterization of synthesized nano-photocatalysis is presented

by XRD, FTIR, SEM and TEM in the following sections.
2. Structural Investigation

X-ray diffraction patterns of combustion synthesized samples
are illustrated in Fig. 1. All peaks belong to ZnO structure (JCPDS
No. 01-079-2205). The addition of silver nitrate in the combustion
precursors leads to formation of metallic silver as a minor phase
(JCPDS No. 01-087-0720). Moreover, third structure of ZnAl2O4

(01-074-1138) is added by co-doping of Ag+ and Al3+ in ZnO struc-
ture. This multiphase system depends on the Al3+ concentration
(above 1% mol) and the rest were expected to form gahnite (ZnAl2O4)
phase. Because of the low solubility of Ag in Zn sites of ZnO struc-
ture, shift of ZnO peaks to the lower 2θ and decrease of crystallite
size (determined by Scherrer equation) from 51.5 to 43.6 nm are

Fig. 1. The XRD patterns of the pure ZnO, ZnO : Ag, Ag-Al co-doped ZnO photocatalysts.
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expected. Although, the presence of Ag+ has a vital effect on the
crystallite size, the addition of Al3+ ions beside the Ag+ leads to for-
mation of smaller size (42.4 nm). The main reason for low solubil-
ity of silver in ZnO structure is due to the large difference of silver
(1.26 Ao) and zinc (0.74 Ao) ion radiuses [1,5,20].

Moreover, the increase or decrease of c/a ratio confirms the ther-
modynamic changes of combustion reaction. c/a ratio and the dis-
tance of crystal plane of hexagonal structures are determined by
the following equations:

(1)

(2)

(3)

In these equations, a and c are crystalline lattice constants, d is the
plane distance, λ is the wavelength of incident beam of X-ray and
θ is the X-ray diffraction angle. The c/a and d100 values of ZnO and
ZnO : Ag show the same values (c/a=1.44 and d100=2.55 nm). It
seems that the presence of Ag ions cannot change the c/a and d
values essentially, but crystal size has decreased [21,22]. According
to the past studies, the maximum dissolution of Al3+ ions in host
lattice structure is approximately 1% molar, which the orientation
of ions in the vacant lattice space of ZnO leads to an increase in
crystalline lattice size [2]. But increasing of Al3+ concentration changes

the c/a and d100 to 1.31 and 2.48 nm. Moreover, interstitial diffu-
sion of Al3+ in the ZnO structure can be determined by calculation
of bond length in ZnO:Ag and ZnO:Ag·Al structure. These equa-
tions determine L value as the bond length in Zn-O lattice [2,21,22]:

(4)

(5)

The results confirm that the presence of Al3+ decreases the Zn-O
bond length from 2.033 to 1.99 nm. This fact explains the reason
for the lowest crystallite size of ZnO : Ag·Al sample.

Large number of vacancies of oxygen, vacancy clusters, and local
lattice disorders are present in the interface of ZnO nanoparticles
and doped atoms; there is a decrease in “Zn-O” bonding length
and the volume of the unit cell, but there is no apparent change in
the positions and intensities of XRD peaks. Average crystallite size
decreased when the micro strain increased. This might be due to
the mechanical surface-free energy of the metastable nanoparti-
cles [23,24].

From a thermodynamic view, the reduction of crystallite size can
be assigned to attempting the system to lowering the change of
Gibbs energy (ΔG). The entrance of Ag+ instead of Zn2+ leads to
increase of disordering in the ZnO structure followed by enhance-
ment of entropy. By increasing the positive trend of the change of
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Fig. 2. SEM images of ZnO (a), Ag (7% mol) modified ZnO (b), Ag-Al (7% mol Ag and 3% mol Al) co-doped ZnO (c) and Ag-Al (7% mol
Ag and 15% mol Al) co-doped ZnO.



Highly efficient Al-doped ZnO : Ag catalyst for RB19 photocatalytic degradation: Microwave-assisted synthesis and characterization 2021

Korean J. Chem. Eng.(Vol. 33, No. 7)

entropy (ΔS), the ΔG shows the negative path corresponds to the
Gibbs free energy law (ΔG=ΔH−TΔS). However, the final state of
this system depends on the enthalpy of combustion reaction (ΔH)
of final product, intensely. This parameter can be affected by flame
temperature (Tad). The higher amount of Tad causes the formation
of higher temperature, which leads to the higher ΔH value. Kinetic
view of these events is the increase of crystal growth rate.
3. Structural Investigation

Fig. 2 shows the morphology of synthesized samples with dif-
ferent silver and aluminum dopant content. Images (Fig. 2(a)) illus-
trate the agglomerated ZnO clusters that along with have created
hollow foam. This foam has porosities with different sizes that are
attributed to the combustion synthesis and gasses released in com-
bustion reaction such as (CO2, NO2, N2) [25]. By adding silver
nitrate to the prior sample, due to decrease in fuel to oxidant source
ratio, combustion intensity rises; therefore, more gas is released and
zinc oxide foam has more porosity (Fig. 2(b)) [26]. By increasing
aluminum nitrate content in the samples and by formation of
ZnAl2O4 compound, separated and smaller particles are observed,
so that this fact causes a variation from hexagonal structure in zinc
oxide to spinel structure in ZnAl2O4 (Fig. 2(c)). With the increas-
ing amount of aluminum nitrate and formation of ZnAl2O4, it is
believed that the combustion deployed has been focused on the
wall of plates that the particles have dense plate-like shapes (Fig.
2(d)). The reason for plate formation is due to the combustion char-
acteristic in aluminate structure and the reduction of combustion
intensity by adsorbing microwave arrays. These plate diameters
which are formed with smaller nanometer particles are reaching
to 100 to 200 nm. TEM images of ZnO : Ag·Al sample show par-
ticles in 40 to 50 nm sizes that possess regular crystalline struc-
ture. Non-regular structures in this sample are dependent on the
combustion synthesis conditions and reduction in the ratio of fuel
to oxidants (Fig. 3).
4. Thermodynamics of Combustion Synthesis

Thermodynamic studies of the combustion system give us use-
ful information. The reaction enthalpy, ΔH298, is an important param-
eter that specifies the independency of the chemical reaction. In

this synthesis, due to the modification of combustion intensity,
two kinds of fuels such as glucose and glycine with 75% and 25%
ratios, respectively, are used. In this case, it can be supposed that the
ignition of glucose and glycine by microwave arrays provides the
necessary energy to the synthesis of the samples. Therefore, ignition
of two fuels in the mentioned ratios causes the following reactions
and the synthesis of the ZnO samples with silver and aluminum
dopants, and the total enthalpy of glucose and glycine ignition is
equal to the total combustion system enthalpy. Reaction heat in
adiabatic conditions is consumed to raise the combustion prod-
ucts’ temperature; therefore, the adiabatic temperature is calcu-
lated by the following equation [27,28]:

(6)

where  is the reaction enthalpy in Tad and Cp is the heat capac-
ity variations of the reaction products [29]. In this case the com-
bustion flame temperature in the synthesis of pure ZnO sample is
about 1141 degrees Celsius, showing the ratio of fuel to sufficient
oxidant resources (F/O=1.17). With aluminum nitrate increasing,
this ratio also rises (F/O=2.06). This increase shows the reduction
of fuel to oxidant resources. By doping the fuel, combustion inten-
sity also decreases so that the combustion temperature in the ZnO :
Ag·Al sample reaches its lowest content of 481.48 degrees Celsius.
5. Fourier Transform Infrared Spectra (FT-IR)

Considering the entrance of dopant to the ZnO sample (Fig. 5),
we observed peak shifts; therefore, the range of peaks was deter-
mined. In any sample, 3,000cm−1 to 3,440cm−1 peaks were attributed
to O-H bands. The presence of O-H peaks has an important role
in modifying photocatalytical properties. OH groups in significant
conditions produce an electron and a hole that transfers electrons
and reacts with free radicals available in the dye [24,30]. The peaks
in 2,300 cm−1 range show C-N bonds. The peaks in 2,900 cm−1 to
2,930 cm−1 range are attributed to C-H bonds. The peak corre-
sponding to the bending vibration of water on the surface of the
material is in the range of 1,640 cm−1. Among the known ranges
of peaks, the peak in 1,400 cm−1 is related to N-O bonds that are
created of residual nitrate resources of combustion. This peak is
sharper in the calcined sample, which shows the purity of the trapped
compound in the structure. In all samples, peaks due to stretching

ΔHT0
r

 = CpdT
T0

Tad

∫

ΔHT0
r

Fig. 3. TEM image of ZnO doped with 7% mol Ag and 15% mol Al.

Fig. 4. A view of a combustion reaction.



2022 M. R. Khodadadi et al.

July, 2016

vibrations of ZnO4 are revealed in the range of 458 to 467 cm−1. By
adding aluminum nitrate to the samples the intensity of peaks related
to weak bond of Al-O increases. These peaks can be observed in
the range of 1,000 to 1,070 cm−1. The peak observed at 1,200 cm−1

also shows the trapped carbon dioxide derived from combustion
conditions and is the double stretching bond of C=O.
6. Absorption Edge and Band Gap

The absorption spectra of different samples are presented in

Fig. 6. Absorption spectra of ZnO and Al-Ag doped to ZnO sample.

Fig. 5. FTIR of dopant to the ZnO sample.
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Fig. 6. The absorption edges are located at 380 nm. It can be seen
that the silver and aluminum addition does not make any signifi-
cant change in absorption edge of ZnO. However, the approxi-
mate determination of band gap was calculated by Tauc’s plot, in
which (αhν)1/n is plotted as a function of hν (photon energy).

(7)

where h is Planck’s constant, α is the absorption coefficient, ν is
the frequency of photon, A is the optical constant and n value is 2
for indirect transitions. The intersection between the linear fit and
the photon energy axis gives the value to the band gap energy (Eg)
[31].

In many nanoscale materials a dependence of the band gap is
observed as a function of particle size - owing to the spatial con-
finement of the low energy band edge states to within the particle.
Change in band gap calculated with Tauc Plots can be attributed
to surface oxygen vacancies and defects, which can cause the more
intense photocatalytic activity [32]. Surface defect contributions of
Ag and Al on ZnO make it more complex for competitive recom-
bination pathways and absorption edge value. The same value in
absorption edge peak can be attributed to the tail region of the
above UV emission due to recombination of electron and hole at
band states of ZnO [33]. Then, if particle size distribution is thick,
the value obtained from a distribution of gap energies may appear
broadened due to an absorption spectrum.

As shown in Fig. 7, the determined band gap of ZnO : Ag·Al
(7% mol Ag, 3 mol% Al) was 3.026 eV. However, as the doped Al
molar ratio increased, the band gap (Eg) of catalyst powder increased
from 3.022eV to 3.17eV for ZnO:Ag·Al (7% mol Ag, 15mol% Al).
Band gap depends on the fabrication technique, surface quality, size
and diameter of ZnO [34]. However, incorporation of Al2O4 can
induce an increase in band gap on the surface of ZnO. The band

αhν( )
1
n
---

 = A hν − Eg( )

Table 1. Absorption spectra of ZnO and Al-Ag doped to ZnO sample

Catalyst ZnO Ag/ZnO
(7% mol Ag)

Al-Ag/ZnO
(3% mol Al & 7% mol Ag)

Ag-Al/ZnO
(15% mol Al & 7% mol Ag)

Band gap (eV) 3.03 3.022 3.026 3.17

Fig. 7. Band gap energy of ZnO : Ag·Al (7% mol Ag, 3 mol% Al).

gap of other samples which were determined by mentioned tech-
nique is shown in Table 1.
7. Effect of Ag and Al Amount on ZnO Photocatalytic Activity

Different molar ratios of Ag and Al have been examined to find
the best amounts of Al and Ag as impurities for ZnO photo cata-
lyst. A fixed optimum operating condition (pH=8, 0.1 g·L−1 photo-
catalyst dosage, 20 mg/L RB19 solution) and a batch reactor with
low pressure mercury lamp (OSRAM, 15w) were employed to
investigate the effect of species doped with ZnO. Before the UV
irradiation, solution of the day and catalysts was circulated in reac-
tor in order to achieve adsorption/desorption equilibrium. During
certain times, 4 ml of solution was immediately centrifuged for
decolorization process by ultraviolet-visible (UV-Vis) absorption
double beam spectrophotometer. It was observed that less than 10
present of RB19 decolorized in absence of UV radiation. The decol-
orization percentage of organic compound can be calculated as fol-
lows:

(8)

where A and Ao are the dye concentration at time t and t=0, re-
spectively.

Photocatalytic activity of ZnO can be increased by adding a
small amount of silver. Color removing efficiency can be achieved
to 80% at the 7 mol% of silver loading. The modified zinc oxide
with an appropriate amount of silver can prevent recombination of
electrons and holes in ZnO. Performance of zinc oxide can be sig-
nificantly affected by reducing defects on the ZnO surface and
chemical adsorption of oxygen molecules or oxygen atoms [35].
On the other hand, an increase in electron transfer to silver metal-
lic can be attributed to the higher conduction band energy level of
ZnO than Fermi energy level of Ag [36,37], which explains the
increase in the efficiency of zinc oxide catalyst in the presence of
silver. In addition, photocatalytic efficiency of ZnO : Ag nanocom-
posite increases with adding Al content. It has been observed that
the optimum Al content for maximum catalytic activity is about
3 mol% (Fig. 8). Next, the color degradation gradually decreases
with increasing Al content to reach 15 mol%. This may be attributed
to the lower surface area of ZnO than incorporation of aluminum
oxide clusters on the surface of zinc oxide, light adsorption of ZnO
will be blocked by excessive aluminum. From the above, the fol-
lowing mechanism can be suggested: The enhancement of meso-
porous AlxOy (x=1-2, y=1-5) - ZnO composite can be explained
by the fact that ZnO is the more photoactive than aluminum oxide
for photocatalysis reactions. The addition of aluminum at low
content onto ZnO particles led to the better electrical properties
effect (Scheme 1) and hence increased the separation efficiency of
charge carriers [38].
8. Effect of pH

Because of the amphoteric behavior of semiconductor oxides,

Decolorization efficiency = 1− 
A
Ao
------

⎝ ⎠
⎛ ⎞ 100×
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the effect of pH on the reaction rate was also studied in this work.
Variation of pH affects the electron charge on surface of catalyst
[39] and dye degradation process under UV light irradiation [40].
Decolorization of RB19 at different range of pH from 3 to 10 with
a certain amount of optimum catalyst (0.1 gr/lit) was investigated.
Dye removing efficiency was quite low at pH=3, but at pH within the
8 the average decolorization rate was about 85% during one hour.

Zinc oxide, which is an amphoteric oxide and can be hydro-
lyzed in water to produce hydroxide layers, reacts with H+ or OH−

according to the following equations [4,41,42]:

In acid: ZnO+2H+→Zn2+ +H2O (9)

In base: ZnO+H2O+2 OH−→[Zn(OH)4]2− (10)

There are electrostatic forces between the catalyst and the color
that are influenced by pH. So finding the pH at the zero charge
(pHpzc) is important. At the pHpzc, catalyst surface charge is positive,
while at higher pH values a negative charge on the surface due to

Fig. 8. Decolorization efficiency of ZnO with different amount of Doped materials versus time (RB19 concentration=20 (mg·L−1), pH=8,
time=80 min).

Scheme 1. Schematic illustration of proposed mechanism to explain the enhancement photonic efficiency into nanomaterials for photodeg-
radation of RB19.
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the greater presence of •OH is observed [43]. Thus, there is a strong
affinity between RB19 and catalyst surface for 3<pH<10 that causes
different photocatalytic effects. As shown in Fig. 9, the optimum
pH range for high removal efficiency of dye is 8.
9. Recyclability and Mechanism of Catalyst

To study recyclability and stability of optimal catalyst, it was tested
three times. In each run it was separated by centrifuge, washed
three times with deionized water to remove any adsorbed organic
compounds, and allowed in oven to dry. RB19 degradation effi-
ciency using ZnO : Ag·Al dropped from 93% to 81% after three
cycles, which was comparable to ZnO (Fig. 10). However, the sur-
face poisoning, which is induced by adsorbed intermediates, may
be one reason for deactivation of photocatalyst after each run [44].
Also, in case of ZnO, 65% of degradation efficiency was obtained
for RB19 after three times.

ZnO, Ag and Al have a work function of 5.2 and 4.26 eV and

4.08 eV, respectively [34]. The Fermi energy level of Ag (FAg) and
Al (FAl) was higher than that of ZnO (FZnO) because of the larger
work function of ZnO. This leads to the transfer of electrons from
Fermi level of Ag (FAg) or Al (FAl) to Fermi level of ZnO (FZnO), until
the two levels attain equilibrium and form the new Fermi energy
level (FZnO : Ag·Al) [45].

Upon UV irradiation, electrons are excited from the valence band
of ZnO to its conduction band, leaving the corresponding holes in
the valence band. Since the conduction band of ZnO is higher in
energy than the new equilibrium Fermi energy level (FZnO : Ag·Al) of
ZnO : Ag·Al, the photoexcited electrons on the conduction band
are transferred from ZnO to Ag and Al [46]. Thus the separation
efficiency of the photogenerated electrons and holes is enhanced.
The photogenerated holes in the valence band of ZnO react with
water and hydroxyl groups to form hydroxyl radicals, which leads
to the photocatalytic oxidation of the dye. At the same time, the
photogenerated electrons react with O2 to form active oxygen spe-
cies, which also participate in the photocatalytic oxidation of the
dye. This process can be expressed as follows:

ZnO : Ag·Al+hν→ZnO : Ag·Al (h++e−) (11)

h++H2O→•OH+H+ (12)

e−+O2→
•O2

− (13)

•O2
−+H2O→H2O2→2•OH (14)

RB19+•O2
− or •OH→the decomposed products→CO2+H2O (15)

CONCLUSION

Microwave-assisted combustion synthesis (MACS) was used to
fabricate Al doped ZnO : Ag. According to Scherrer’s equation and
TEM test, ZnO : Ag·Al photocatalyst has a crystallite size of 40 to
50 nm. However, the conditions of combustion synthesis and ratio
of fuel to oxidants may influence the particle size. SEM test showed
that by increasing aluminum nitrate content in the samples, the
plate formation varies to have a less porosity, which is discussable
with thermodynamic analysis. There was no respectable change in
absorption edge and band gap of ZnO : Ag·Al nanomaterial in
comparison with pure ZnO. The catalytic activities of samples were
investigated by degradation of Reactive Blue 19 under UV radiation
in a batch reactor. This experiment showed ZnO : Ag·Al (7 mole%
Ag and 3% mole Al) has more catalytic property to degrade dye
pollution than ZnO. Also, it illustrated that a distinct amount of Al
can enhance the catalyst activity, and more than 3% molar alumi-
num can slightly decrease the catalytic activity and increase the
adsorption behavior of the particle. Studies revealed that pH=8 is
an optimum condition for decolorization of 20 mg/l RB19 solution
with 0.1 g/L catalyst dosage. Optimum synthesized catalyst showed
good stability under three times recycling, and its efficiency for de-
gradation of RB19 dropped from 93% to 81% after three cycles
compared with ZnO.
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