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Treatment of effluent from dye industry by heterogeneous photocatalysis with Zinc oxide (ZnO)
nanoparticle under direct solar light has been estimated. ZnO photocatalyst were prepared by sol—
gel process using zinc acetate as precursor the calcination temperature was 350 °C , then
characterized by X-ray diffraction (XRD), scanning electron microscopy (SEM) and employed for
removal of methyl orange (MO) dye from industrial wastewater. The influence of parameters such
as pH, concentration of MO and photocatalyst dose was studied. 98.6% was the degradation
percentage. The results showed that the degradation percent of methyl orange dye increased with
increasing catalyst dosage and initial concentration up to 5 mg/l and 10 mg/l respectively, the
acidic condition is favorable for photo-degradation of dye and better discoloration of it under UV
light. Applied regression analysis model to estimate the effective and optimal parameter, the results
shows a good agreement between the experimental and theoretical results. It was concluded that the
photocatalytic process can be applied at large scale industrial wastewater

1. Introduction

Large quantities of fresh water had been consumed
during the processing operations in the textile industry. Textile
industry pollute the water resources and discharge of several
kinds of dyes that leading to bad effect on the environment [1].
Textile wastewater contains many chemicals and dyes that make
the effluents of textile industry consider as an environmental
challenge [2,3]. Azo dye considers about half of the dyes applied
in the textile industry and methyl orange was a typical azo
dye,[4-7]. Thus, textile wastewater treatment became
complicated and difficult. There are several methods for treating
of wastewater. Physical methods (adsorption on activated carbon,
ion exchange, coagulation..... etc.) could be applied efficiently
for the removal of dyes[8] .Physical methods are methods that
transfer organic pollutants from liquid to solid phase, therefore
resulting in secondary pollution. Chemical methods using strong
oxidants like ozone or chlorine have led to effective results, but
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they are considered more expensive due to using the high
dosages. Biological methods are not effective methods because
of the large content of aromatics compounds in the dye[9]. There
are many techniques depended on advanced oxidation process
(AOP) has been applied with a wide range of organic pollutants.
It depended on the generation of hydroxyl radicals (OH") which
is the strong oxidizing agent and very reactive agent (E, = 2.8 V),
the ability to reduction of organic pollutants. Among these
processes, heterogeneous photocatalysis was considered as an
emerging destructive technology that lead to the total
mineralization of most of organic pollutants [10-13]. Photo-
catalysis divided into homogeneous and heterogeneous.
Heterogeneous photocatalysis has showed to be an effective
technology compared to other AOP[14]. Using of many
semiconductors, like zinc oxide (ZnO) and titania (TiO2) have
many advantages such as high photosensitivity, high efficiency
of photocatalytic degradation, non-toxic, low cost, and eco-
friendly [15]. Zinc oxide is one of the promising semiconductors,
that have been interested from many researchers due to its large
exciting binding energy of 60 MeV and direct bandgap of 3.37
eV at 300 K [16]. ZnO is friendly semiconducting oxide material,
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highly stable, nontoxic, inexpensive. UV light exit the ZnO

nanoparticles, produce electron-hole pairs that form OH and O
2 radicals,[17].

It is important to manage the particle size, morphology, and
dispersion for increment the ability of a heterogeneous catalyst,
many techniques mentioned for synthesis of ZnO nanoparticles
such as polymerization method [18] hydrothermal and
solvothermal synthesis [19], precipitation [20], sonochemical
[21] and sol-gel [22-24] technique. Researchers had been
interested with the sol-gel method because of its advantages
such as the low temperature of the final decomposition and ease
of synthesis.

The aim of this research is removal MO dye from wastewater by
photo-degradation process under UV radiation using ZnO
nanoparticles which were prepared by sol-gel technique.
Samples had been characterized with XRD, SEM and UV-Vis
spectrophotometer. The photo degradation process was
investigated in terms of optimizing the experimental conditions,
e.g. pH, ZnO catalyst dose and the concentration of MO. after
that the multi-component process is modeled using regression
modeling, using the statistical tool for finding the optimal
relationship between variables in the form of predictive
equations when a combination of numerous independent
parameters and their collaborations affect the preferred
responses as evaluating the sensitivity functions. Murgolo, S.,
Franz, et al. studied performance in describing non-linear multi-
component systems, which intelligent methods can solve[25].
Moreover, Hussain et al. explained the model and optimized
operational factors to simulate the photolytic degradation of
Sulfamethoxazole, using response surface methodology
(RSM)[26].

2. Materials and methods

2.1 Materials

Sodium hydroxide, zinc acetate dihydrate, methanol and
deionzied water. Zinc acetate dihydrate is applied as precursor
and methanol as a reagent. Deionzied water had been applied as
solvent. All chemical reagents were obtained from commercial
sources.

2.2 Preparation of ZnO nanoparticles

2.2.1Sol-gel method

Zinc acetate dihydrate had been used as zinc precursor. 0.2 M
zinc acetate dihydrate was mixed in methanol at room
temperature by ultrasonic method for 110 min at 25°C. A clear
and transparent sol had been obtained. Then 0.02 M of NaOH
was added to the sol with ultrasonic stirring for 50 min, its pH
was adjusted by using pH Meter between 9 and 11. The sol was
dried at 100° C for 1 hour, after that the temperature was
increased up to 150° C till gelation was happened. The sol was
kept undisturbed until white precipitates settle at the bottom.
After that, the precipitate was filtered then washed with
methanol several time for removal of any starting material, then,
dried at 80°C for 15 min on hot plate, calcined for 4 h at 350°C
and finally grinded [27].

3. Characterization

ZnO nanoparticles were characterized by XRD (Panalytical
Empyrean, Sweden) with Cu?* Ka radiation (wave length
1.54060 A) for crystallinity and identification of prepared
material phases. The accelerating voltage applied was 40 KV,
applied current was 30 mA, range of scan angle was from 4 to
70° and the step of scan was 0.05°. The microstructure of ZnO
nanoparticles and morphological characterization were examined
by scanning electron microscope (SEM) Germany.

3.1. Regression modeling

To estimate the associations between an independent
parameter (such as Dose(A), Initial Concentration(B), and pH(C))
and a dependent variable (such as degradation), a statistical
modeling technique known as regression analysis uses a
collection of statistical processes called correlation analysis.
There are many other types of regression analysis. Still, the most
popular is linear regression, which involves finding the line (or
an even more complex linear combination) that best fits the data.

3.1.1 Analysis of variance (ANOVA)

The aim of the analysis of variance (ANOVA) was to
investigate which parameters significantly affected the quality
characteristic. When conducting an ANOVA, it is presumed that
all of the observations are normally and independently
distributed with the same variance for each treatment

4. Results and discussion
4.1. XRD analysis

The diffraction patterns of X-ray for ZnO nanoparticle was
shown in Figure 1. The XRD pattern for samples was displayed
at 20 = 32.5, 34.8, 36.1, 48.1, 56.5, and 62.0 result to crystal
planes (100), (002), (101), (102), (110), and (103), respectively,
this appear its hexagonal wurtzite ZnO structure. The appeared
diffraction peaks agreed with the reported JCPDS file for ZnO
(No. 89-1397).No diffraction peaks had been appeared other
than ZnO, it proved that the purity of the prepared ZnO samples.
The results of XRD pointed to (101) plane had been the most
intense peak, also it was the preferred growth plane
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Figure 1: XRD pattern for ZnO nanoparticle
4.2. SEM analysis

SEM analysis could show the morphology of the synthesized
ZnO nanoparticles by using SEM (JSM-6490LV, Japan) with
accelerating voltages of 30 kV.

Figure 2: SEM of prepared ZnO nanoparticle

Figure 2, it showed that the prepared ZnO nanoparticle by
the sol—gel process has a rod shape, which is a typical
morphology of ZnO nanoparticles, [28].

5. Photocatalytic degradation study

A known amount of photocatalyst powder was mixed with
MO solution (1000 mL) of given concentration in a tubular
reactor which made of quartz glass. Using sodium
hydroxide or hydrochloric acid to adjust the pH of the
solution a pH meter is used for measuring it. The pH is
adjusted around 4. For reaching the adsorption-desorption
equilibrium, a solution had been kept under dark for 45
min. A UV lamp (20 W) was located 50 cm above the tube
of the reactor. The solution was irradiated with continuous
stirring. At interval time of 20 min, 3 ml sample of
reaction solution had been taken, centrifuged at 2000 rpm
for 20 min and recorded the absorbance of the clear
supernatant at 464 nm by a UV-5100 spectrophotometer
[29].The degradation percentage of MO had been
estimated by the following equation.

Degradation % = [(Co—C:)/Cg]*100 @
Where;
Co is the initial concentration and

C: is the concentration at time t.

5.1. Effect of pH

The pH has a great effect on the degradation process.
Estimating the influence of pH on the degradation of MO
dye was studied at different pH from 2 to 10, as observed
in Figure 3. After 120 min of irradiation the percentage of
degradation was 84.0%, 96.8%, 61.0% ,43.0% and 25% at
pH 2, 4,6, 8 and 10, respectively. It is observed that;
degradation percentage was high at initial acidic pH of
MO solution. On other hand, it was very low at high pH.
[30,31]. At pH 4 high efficiency of degradation was
observed. The order of efficiency is found to be pH 4 > pH
2 >pH 6 > pH 8> pH 10. This may be due to the
properties of surface-charge of ZnO that associated to zero
charge and the properties of MO dye. The surface of ZnO
nanoparticle turn into positively charged at acidic pH
[32], where several molecules of O, had been reduced into
O ~radicals due to the influence of photoelectrons since
the positively charged surface of the ZnO catalyst is
conducive to transport of photoelectrons to the surface of
ZnO catalyst at acidic pH. This proved that the pH of the
solution affect the charge of ZnO surface.

5.2. Effect of ZnO photocatalyst dose

The photocatalyst dose has a great effect on the
degradation process of dye polluted water. Several
concentrations of nano-ZnO in the solution was applied.
As seen in Figure 4, increasing of ZnO from 1 mg/l to 10
mg/l led to increase the degradation percentage from 38%
to 96.8% up to 5 mg/l. The enhancement in the
degradation rate may be increase because of the number of
dye molecules that adsorbed on the photocatalyst surface,
while any increase in ZnO dose above 5 mg/l led to
decrease in degradation percent and this may be attributed
to light reflectance by molecules of catalyst and the
opacity of the solution [33].Thus, 5 mg/l of ZnO was used
in the subsequent work.
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Figure 3: Effect of pH on degradation % of MO (10 mg/l MO, ZnO
dose 5mg/l and contact time 120 min)
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Figure 4: Effect of ZnO concentration on degradation % at pH=4,
MO 10 mg/l and contact time 120 min

5.3. Initial Concentration of the dye

The influence of MO dye initial concentrations (10 to
100 mg/L) on the degradation process was critically
addressed. The degradation % of MO dye after 120 min
contact time was displayed in Figure 5. When other
conditions were kept constant, it was observed that
increasing the initial concentration of MO led to a decrease
in the removal rates significantly from 96.8 to 17%.
Therefore, the efficiency of removal could be enhanced by
the lower initial concentration of the dye, [34,35]. This
may be attributed to the adsorption of MO dye molecules
on the nanoparticle catalyst surface by increasing the
concentration. So several active sites had been occupied by
the molecules of dye, then decreasing the adsorption
of OH and O; on the ZnO. Thus, the photons couldn’t
reach the surface of ZnO, and the degradation percentage
decreased at high initial concentrations of MO,[36].
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Figure 5: Effect of MO dye concentration on degradation % at

pH=4, ZnO dose 5 mg/l and contact time 120 min

5.4. Development of mathematical response model

According to mathematics standards, the equations used to
describe a mathematical model must include at least two
variables and at least two equations. Multiple regression
approaches were used to create a mathematical model in
this study, thanks to the MINITAB 20 statistical program.
And the regression coefficient (R?) is R?=90.86%, which
implies that the experimental data is good. The model is
shown in the following way: Objective function

Max Degradation%
= —35+ 1894 — 9.8B + 2.02C — 0.69A42
+ 14.6B? —3.84 B — 0.04A * C

Subjected to
-<A<I10
10<B <100
5<C<10
5.5. Analysis of variance

Figure 6 listed ANOVA outcomes with a 5% level of
significance and a 95% confidence level. In this figure, it
is clear which of the important parameter has the most
impact on the Degradation process. From Figure 6, it is
clear that, factor B is the important significance factor then
factor C.
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Figure 6: Pareto chart of the standardized effects

5.6. Response optimization

Objective and upper-value degradation process, while
Figure 7 illustrates the optimization of degradation process
reactions to changes in target values. Optimal operating
settings for the input variables to optimize the
decomposition process a pH of 4, an initial concentration
of 10mg/l, and a dose of 5mg/l were used in this
experiment, which had process desirability of 1.
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Figure 7: Optimal conditions of control variables on the

degradation process

5.7. Confirmation Experiment

The experimental results presented in sections effect of pH
and initial Concentration are quite close to the results
obtained by (modelling analysis), i.e., the recommended
and the ideal pH, concentration, and Dose (4, 10, and 5),
respectively. Here between experimental and theoretical
results, there is a high degree of consistency and good
agreement,

6. Conclusions

The photocatalyst ZnO synthesis by sol-gel process was
flexibility, simple and high efficiency for photo
degradation process. Prepared ZnO at the calcination
temperature of 350°C had got good properties of
photocatalytic process under UV lamp irradiation. Based
on the results of XRD and SEM, Prepared ZnO
nanoparticles contain hexagonal wurtzite and the size of
ZnO was 20-50 nm. The percentage degradation of MO
dye increasing, with increase ZnO dosage up to 5 mg/I
initial concentration of the MO dye 10 mg/l and at acidic
pH. As a result, the high photocatalytic efficiency and

stability of ZnO nanoparticles was recommended for
photocatalytic degradation. Dye concentration and pH
were found to be important factors in the degradation
process for each variable based on an ANOVA study of
the proposed quadratic models.
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