IJE TRANSACTIONS B: Applications Vol. 32, No. 8, (August 2019) 1074-1081

International Journal of Engineering
Journal Homepage: www.ije.ir

Using Experimental Design to Optimize the Photo-degradation of P-Nitro Toluene by
Nano-TiO2 in Synthetic Wastewater
M. Rostami, H. Mazaheri*, A. Hassani Joshaghani, A. Shokri
Department of Chemical Engineering, Arak Branch, Islamic Azad University, Arak, Iran

PAPER INFO

Paper history:
Received 16 April 2019
Received in revised form 30 june 2019
Accepted 05 july 2019

Keywords:
UV/TiO2 Process
Degradation
p-Nitro Toluene
Mineralization
Analysis of Variance

A B S T R A C T
In this project, the degradation of synthetic wastewater comprising p-nitro toluene (PNT) is
investigated using UV/TiO2 process. PNT as a pollutant has a very harmful effect on the environment
and human hormones. TiO2 is one of the best metal oxides it has photo catalyst role. The full factorial
design (FFD) of experiment is employed to investigate the effect of working variables including pH,
initial dosage of PNT and catalyst concentration. The Analysis of variance (ANOVA) presented a high
determination coefficient value (R2 = 0.9876, R2pred = 0.8585, R2adj = 0.9596) for degradation of PNT
and acceptable prediction of second-order regression model. The graphical counter plots were used to
control the optimum conditions. The operative variables are optimized at [TiO2] = 0.2g/L , pH value of
4, and [PNT] = 50mg/L. These findings suggest that the percentages of degradation and mineralization
of PNT at the forecasted optimum conditions after 120 min of reaction were 64 and 55%, respectively.

1. INTRODUCTION1
The industrial wastewater produced by some chemical
plants contains nitro toluene and other aromatic
pollutants. Considerable contents of aromatic
components with a wide range of non-biodegradable
chemicals are lost during a process and cause
environmental pollution. Toluene and its derivatives
are widely used in industries. One of these derivatives
is PNT which is produced as a side product in the
production process of trinitrotoluene (TNT). In recent
years, million tons of nitro-aromatic has been used for
military and industry applications. The phenol
compounds are harmful for the nature and resistant
contaminant in synthetic wastewater that acts as a basis
of many damages in the human body and environment
[1]. The remediation of nitro phenols compound
polluted wastewaters through traditional methods is
very complicated and costly, as well as producing
secondary pollution and is a time consuming reaction.
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In addition, phenol compounds are chemically resistant
due to their solubility and constancy in aqueous media
[2]. Thus, it is vital to employ new approaches for the
treatment of the polluted wastewater by these
compounds without above-mentioned issues.
Advanced oxidation processes (AOPs) technology
are active and ecologically friendly approaches for the
degradation of organic contaminants. AOPs are
resilient to the conservative treatment systems into
modest byproducts and lastly mineralize them into
small molecules such as water and carbon dioxide [3].
AOPs produce hydroxyl radicals which are
oversensitive and general oxidants. They have high
electrochemical oxidation potential for the degradation
of chemical compounds [4].
The heterogeneous photocatalysis methods based
on the absorbing the light by metals oxides have been
developed for the environmental remediation.
Because they are inexpensive, require mild conditions
such as ambient temperature and pressure, and are
environmentally sturdy and recyclable. To synthesis of
these heterogeneous catalysts, different semiconductors
metal oxides (TiO2, WO3, CeO2, Fe2O3, ZrO2 and etc.)
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and sulfides (CdS, ZnS, etc.) have been employed [5,
6] and they are used for degradation of chemical
substances. Among of them, titanium dioxide (TiO2)
due to its unique properties such as photo stabe,
available, non-toxic nature, low operating temperature,
low energy intake, high photo catalytic activity and
water insolvability under dissimilar environmental
conditions has been found to be the most influential
ones. On the other hand, it prevents the formation of
unwanted by-products [7–10].
In recent years, many studies have been conducted
on nitro toluene and its derivatives degradation. Results
of such studies showed that AOP affects the
degradation of TNT. Among which, the photo catalyst
and Fenton oxidation are highly desirable [11, 12].
Ludwichk et al. [13] have reported borosilicate-glassTiO2 as a catalyst demonstrated the reduction of 32 and
100% of COD and nitro aromatic compounds in the
photo catalyst method.
In another study, it was indicated that the Fe-N-SdopeTiO2 showed a higher degradation of TNT
comparing to pure TiO2 due to alteration of crystal
microstructure, specific surface area as well as the
photo catalytic activity [14]. Modified titanium dioxide
impregnated zeolite by silver, was implemented for
mineralization of PNT in aqueous medium. The results
showed that TiO2/AgY2 catalyst resulted up to 60%
degradation of PNT in 4 hours and converted PNT into
CO2,
and H2O [15].
In this study, FFD was employed as a statistical
method to investigate the main effects and their
interaction on each other at three levels in the
photocatalytic degradation of PNT [16]. The capability
of general FFD in the modeling of multifaceted
processing systems comparing other old-style
approaches for modeling a multi mutable method is
more practical [17].
In this effort, the influence of three different
variables including pH, initial concentration of PNT
and catalyst dosage was studied on the mineralization
of PNT through UV/TiO2 process. The significant
variables and interaction properties between them were
considered by FFD manner.
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2. 2. General Procedure
The tests were done in
a 1.4 L cylindrical reactor (Pyrex glass) and a mercury
lamp, Philips 15 W (UV-C), was the light source,
which was positioned vertically in the middle of
reactor. Figure 1 shows the schematic diagram of the
cylindrical glass reactor.
A solution containing certain amount of PNT and
the catalyst was prepared and permitted to circulating
in the reactor in the absence of UV light for 30 minutes
to achieve equilibrium. After homogenization, the
radiation of solution was started and simultaneously,
0.5 L/min of oxygen was injected from the bottom of
the reservoir.
At certain reaction intervals about 5 mL of samples
were taken, centrifuged and filtered. Then it was
analyzed by a UV–vis spectrophotometer (Agilent,
5453, American) at 286 nm.
The mineralization and degradation of the
considered wastewater was estimated by chemical
oxygen demand (COD). The COD was measured by
HACH’s COD technique [18]. The degradation percent
of COD and PNT were determined by the following
equations:
 [COD]0  [COD ] 
Degaradation of COD  
  100
[COD ]0



(1)

 [PNT]0  [PNT] 
Degaradation of PNT  
  100
[PNT]0



(2)

where [PNT]0 and [COD]0 are the concentrations of
PNT and initial COD of the reaction, respectively.
[PNT] and [COD] are the concentrations with respect
to time, t.
2. 3. Experimental Design
The FFD technique
was employed with three self-governing factors
comprising the concentration of PNT (CPNT), initial
dosage of TiO2 (Ccat), and pH. The experimental design

2. EXPERIMENTAL

2. 1. Materials
The diluted synthetic wastewater
containing 25, 50, 75 (mg/L) of PNT was prepared.
Sulfuric acid and sodium hydroxide were supplied by
the Merck Company (Darmstadt, Germany). Nano
Titanium dioxide was Degussa P-25 and it was in
Anatase form (about 99.9% Anatase). It had an APS of
20 nm and BET surface area of 200 m2/g.

Figure 1. Diagram of the reactor: (a) UV lump; (b) Internal
wall; (c) External wall; d) Aluminum foil; (e) Tank; (f)
Circulating fluid pump; (g,h) Valve
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manner was used and the degradation percentage of
PNT was designated as response to get the optimum
conditions. The input variables and their levels in the
test are summarized in Table 1.
The overall full factorial is a complete design of
experiment that all levels of each variable in the
examination are joint with all levels of every other
variables.
In this work, 33 experiments were performed to
examine the main effects and interaction between
initial dosage of PNT (mg/L), initial dosage of TiO2
(g/L) and pH. The data were collected and then, the Ftest study of variance with a 95% assurance interval
was used to evaluate the statistical influence of the
important variables and their connections.

section was to obtain maximum degradation of PNT in
favorable conditions. Many researchers investigated
the steps of the FFD [20].
The exactness of predicted model is confirmed as
exposed in Figure 2, which associates the experimental
values versus predicted amount of degradation by the
model. The results presented a good agreement
between the predicted and experimental values. Taking
a look at the predicted degradation by the model
equation shows it has adaption with the experimental
data.

2. 4. Data Analysis
Based on data collected from
experimental design, experimental data was fitted by
the following equation:

TABLE 2. The 3-factor full factorial design medium and the
response function (degradation of PNT (%) for 120 min)

Y  b0   bi xi   bij xi x j   b x  

Run
number

2
ii i

(3)

Where ε is the residual term, b0 is a constant, bij is the
linear interaction effect between the input variables, xi
and xj (i=1, 2 and 3; j=1, 2 and 3) are self-governing
variables, bi is the slope of the variable and bii is the
second order of input variable (xi). ANOVA was
employed to inspect the importance of each term in the
above equation [19]. MINITAB 17 with Response
Surface Methodology (RSM) was used to control the
coefficients of Equation (3). The experimental and
forecasted response standards for the degradation of
PNT are showed in Table 2. Reaction time was set at
120 min for all experiments.
3. RESULTS AND DISCUSSION
3. 1. Statistical Analysis
ANOVA was employed
to analyze the important role of the three basic factors
and their interactions on the degradation percentage of
PNT. The amounts of mean square, sum of squares of
each factor, P-value and F-value are presented in
Table3. The significance of data is determined by the
value of P. According to statistics, P-value close to
zero are more considerable. The P-value should be less
than or equal 0.05 (≤0.05), so that the 95% confidence
level is statistically significant. The purpose of this
TABLE 1. The range and levels of the factors
variables

3. 2. ANOVA Tests for The Degradation of PNT in
UV/TiO2 Process
In this reading, the influence
of three independent variables on the degradation of

Initial
dosage of
PNT
(mg/L)

Initial
dosage of
TiO2 (g/L)

Initial
pH

1

50

0.3

2

50

0.2

3

50

0.1

4

50

5

50

6

Degradation of
PNT (%)
Exp.

Pred.

10

57.42

57.11

4

64.00

63.82

10

56.83

56.75

0.3

7

58.33

58.47

0.2

10

58.20

58.59

25

0.2

10

32.53

35.38

7

50

0.1

4

59.42

59.43

8

50

0.1

7

57.52

57.59

9

75

0.2

4

54.48

56.03

10

25

0.3

10

29.01

27.60

11

25

0.2

4

48.20

46.83

12

75

0.1

4

48.51

47.85

13

75

0.1

10

35.96

37.48

14

75

0.3

4

49.83

48.93

15

25

0.1

4

35.64

36.28

16

75

0.2

10

46.36

43.12

17

25

0.1

10

28.82

27.38

18

25

0.2

7

38.09

36.62

19

75

0.2

7

49.17

50.86

20

25

0.1

7

29.13

29.93

21

25

0.3

7

30.01

30.68

22

25

0.3

4

36.19

36.92

Range and levels

23

50

0.3

4

60.04

60.21

-1

+1

24

75

0.1

7

47.40

46.53

Symbol
0

Initial dosage of PNT (mg/L)

CPNT

25

50

75

25

75

0.3

7

48.54

47.72

Initial dosage of TiO2 (g/L)

Ccat

0.1

0.2

0.3

26

75

0.3

10

36.43

38.15

pH

pH

4

7

10

27

50

0.2

7

58.33

58.12
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PNT and COD was explored using the RSM and FFD,
to achieve the optimum situations. Quadratic
polynomial equation as a mathematical relative can
employed between the degradation of PNT and COD
and three significant variables. The statistical
possessions of the designated model are offered in
Table 2 to designate the degradation efficacy of PNT
as a function of the considered variables.
To test the importance of the regression coefficient,
the information listed for the proposed model such as
the ANOVA and the coefficients are presented in Table
3. It can be seen that more than 95% of the data (R2 =
98.76%, adjusted R2 = 95.96%) is well predicted by the
model. Therefore, the terms noted in the proposed
model made remarkable predictions. However, adding
more terms to the model increase sits predictions
accuracy. The high value of F-value (35.34) approves
the significance of the proposed model. The P-values

less than 0.05 designate the significance of model
terms. The amounts larger than 0.10 indicate that the
paprameters of the model are not significant. However,
the term of the binary interaction between the variables
has a p-value of higher than 0.05, which implies that
the interaction of variables is insignificant [21, 22].

TABLE 3. ANOVA tests for quadratic models in the
degradation of PNT by UV/TiO2 process

3. 3. Influence of Different Variables on the
Degradation of PNT
The results can be achieved
as contour plots for the study of the influence of
different variables on the response. It can be seen that
the desired percentage of degradation is achieved in the
middle concentrations of PNT and TiO2 at low pH.
The response surface plots for degradation of PNT
in UV/TiO2 process are illustrated in Figures 3, 4 and
5. From these contour plots, the simultaneous
interaction of the two factors on the responses are
shown.

Sources

DF

Adj SS

Adj
MS

Fvalue

Pvalue

Model

18

3366.87

187.05

35.34

0.000

linear

6

3225.76

537.63

101.59

0.000

XPNT

2

2749.96

1374.98

259.81

0.000

Xcat

2

164.95

82.48

15.58

0.002

XpH

2

310.85

155.43

29.37

0.000

2-Way
Interaction

12

141.11

11.76

2.22

0.132

XPNTXcat

4

39.25

9.81

1.85

0.212

The pH
3. 3. 1. Effect of pH in UV/TiO2 Process
of the solution has a significant influence on the photo
catalytic degradation of various pollutants [21, 22].
The results presented that pH is a main factor and in
this project at low pH values photo degradation rates
were high. The best pH for the degradation was close
to the zero point of charge (zpc) of TiO2. This issue can
be explained by the influence of pH on degradation
rate which is based on the influence of pH on TiO2
particles itself.
TiO2 shows a zpc at pH values between 5.6 and 6.4
[23]. It means, the catalyst surface at acidic media with
pH<5.4 is positively charged, while it is negatively
charged at pH values above 6.4.

XPNTXpH

4

86.12

21.53

4.07

0.043

TiOH + H+  TiOH2+

XcatXpH

4

15.74

3.93

0.74

0.589

Error

8

42.34

5.29

Total

26

3409.21

Model
Summary

S

R2

2.30047

98.76%

2
Radj

95.96%

TiOH + OH−  TiO− + H2O
+

2
Rpred

pH <pHpzc

(4)

pH >pHpzc

(5)

−

where TiOH2 , TiO and TiOH are the positive,
negative and neutral surface hydroxyl groups,
respectively [24]. These properties caused changes in

85.85%

Figure 2. Comparing the experimental and predicted values

Figure 3. Counter plot for the degradation efficiency of PNT
versus: the dosage of TiO2 and pH
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On the other hand, more loading the catalyst causes
opacity, raising the light scattering and therefore, light
penetration in the solution would be decreased [27–28].
Therefore, the optimum amount of TiO2 photo catalyst
was selected as 0.2 g/L.

Figure 4. Counter plot for the degradation efficiency of PNT
versus: the dosage of TiO2 and PNT

Figure 5. Counter plot for the degradation efficiency of PNT
versus: the dosage of PNT and pH

the structure of pollutant at various pH and
subsequently adsorption on TiO2 surface [25]. The
effect of pH in the range of 4 to 10 on the photo
degradation of PNT was investigated and it can be seen
in Figure 3. However, it is observed that more increase
in pH will conduct to less degradation. Possible reason
is at high pH columbic repulsion between
and the
negatively charged surface of TiO2 particles could
avoid the creation of hydroxyl radicals and
consequently it decrease the degradation rate.
3. 3. 2. Effect of TiO2 Concentration in UV/TiO2
Process
Degradation experiments were
performed with varying TiO2 concentration from 0.1 to
0.3 g/L. It is reported that the optimum TiO2
concentrations were depended not only on the
pollutants concentration but also to the photo reactor
geometry [26]. The results in Figure 4 show that the
degradation is enhanced by increase in TiO2
concentration until it reaches a plateau, and then it
remains flat and slightly decreases. The aggregation of
TiO2 particles at high dosages can cause a decrease in
the number of active sites on the surface of the catalyst.

3. 3. 3. Effect of Initial Concentration of PNT in
Due to presence of more
UV/TiO2 Process
pollutant molecules at higher concentrations and as a
significant factor in water treatment which influence on
the photo catalytic degradation rate, different initial
PNT concentrations (from 25 to 75mg/L) was
inspected. The corresponding results are shown in
Figure 5.
As it can be seen in Figure 5, by increasing initial
concentration of PNT, as degradation reaction occurred
on TiO2 particles; the photo degradation rate of PNT
decreases due to above mentioned reason [29]. The
photo degradation reaction occurs between the the PNT
molecules in the solution and hydroxyl radicals
produced by active OH− sites on the surface of TiO2.
Because of the competitive adsorption of PNT
molecules on the surface of TiO2 at high initial
concentration of pollutant (75 mg/L), the number of
available active sites decreases. Therefore, the
degradation rate will decrease due to covering of active
sites by PNT molecules. On the other hand, when the
initial concentration of PNT was low (25 mg/L), even
though there was more active sites, but the transfer rate
of PNT molecules in the solution was low.
3. 4. Photo Degradability of PNT
When the
pollutant irradiated with only UV light, fair
degradation (6%) was occurred. At the same condition,
by the presence of TiO2 and absence of UV light about
10% of PNT was degraded. That is due to the pollutant
absorbed on the surface of the catalyst. However, at
120 min reaction time, about 64% of PNT was
converted at optimum condition in the presence of
TiO2 along with UV light.
The hydroxyl radical was non-selective oxidant and
an extremely strong that resulted in the degradation of
pollutants [30, 31]. This happened only by
accompanying the catalyst and UV irradiation .The
mechanism of degradation of PNT by TiO2in the
presence of UV light is shown in the following
equations:

TiO2  hv  387 nm  eCB
 hvb

(6)


hvb  H 2O( ads )  OH ads
 H

(7)



hvb  OH ads
 OH ads

(8)



OH ads
 PNT( ads )  intermediate( s )  OH ads
 CO2  H 2O

(9)
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3. 5. Response Optimization
The main goal of
this study was to optimize the variables that are
effective in the degradation of PNT in the UV/TiO2
process. The main purpose was introduced with the
maximum percentage of degradation PNT. The
optimum values for maximum degradation are
presented in Table 4. Predicted experiments by this
approach based on design of experiments were
performed to evaluate this method. The results
illustrated that maximum response obtained from the
optimal values have a good agreement with the
predicted value of the model. In general, it can be
concluded that the optimization method used in this
study was successful. At the predicted optimum
conditions, the tests were performed and 64% of PNT
was degraded.

TABLE 4. Degradation efficiency at optimum values of the
process variables.
Variables

Optimum values for
degradation of PNT (%)

Initial dosage of PNT (mg/L)

50

Initial dosage of TiO2(g/L)

0.2

Initial pH
Degradation of PNT (%)

Initial concentration of pollutant, pH, catalyst
dosage and irradiation time clearly affect on the PNT
degradation.
The effect of modification of TiO2 on the
degradation intensity of PNT and light intensity would
be investigated in future works.

5. ACKNOWLEDGMENTS
The authors wish to thank the Islamic Azad University,
Arak Branch for laboratory equipment and financial
support.

6. REFERENCES
1. Aslam, M., Ismail, I. M., Salah, N., Chandrasekaran, S., Qamar,
M. T., & Hameed, A., "Evaluation of sunlight induced
structural changes and their effect on the photocatalytic activity
of V2O5 for the degradation of phenols", Journal of Hazardous
Materials, Vol. 286, (2015), 127-135.
2. Shokri, A., "Degradation of 2-nitrophenol from synthetic
wastewater by ozone", Russian Journal of Applied
Chemistry, Vol. 88, No. 12, (2015), 2038-2043.
3.

4
Pred.(63.82), Exp.(64.00)

4. CONCLUSIONS
In this study, the FFD approach used to design the
experiments and it was performed to remove PNT in
synthetic wastewater by UV/TiO2 process.
This experimental design was used to investigate
the effect of operating variables such as initial
concentration of PNT, pH and catalyst concentration.
The optimum conditions predicted by the model were
[TiO2] = 0.2g/L, pH value of 4, and [PNT] =50mg/L.
The ANOVA table shows the second-order regression
model. Also, in this model, a high determination
coefficient value (R2 = 0.9876, R2pred = 0.8585, R2adj =
0.9596 for the destruction of PNT) was obtained. In
this work, the effect of each factor and their
interactions on the degradation of PNT, the counter
plots were employed. UV/TiO2 process using batch
recirculation photo reactor involving UV light and
oxygen could efficiently be used to degrade the PNT.
However, using UV light or TiO2 individually, has
negligible effects on the PNT degradation.
FFD design of experiments obviously showed that
this approach could successfully employed to predict
optimum condition and develop an empirical equation
to gain high degradation rates, which is essential for
photo catalytic processes.

1079

Mohamadiyan, J., Shams-Khoramabadi, G., Mussavi, SA.,
Kamarehie, B., Dadban Shahamat, Y., Godini, H., "Aniline
degradation using advanced oxidation process by UV/Peroxy
disulfate from aqueous solution", International Journal of
Engineering, Transactions B: Applications,Vol 30, No. 5
(2017), 684-690.

4. Shokri, A.," Investigation of UV/H2O2 process for removal of
Ortho-Toluidine from industrial wastewater by response
surface methodology based on the central composite design",
Desalination and Water Treatment, Vol. 58 (2017), 258–266.
5. Tayade, R. J., Natarajan, T. S., Bajaj, H. C., "Photocatalytic
degradation of methylene blue dye using ultraviolet light
emitting diodes", Industrial & Engineering Chemistry
Research, Vol. 48, (2009), 10262-10267.
6. Hosseingholi, M.," Room Temperature Synthesis of N-doped
Urchin-like Rutile TiO2 Nanostructure With Enhanced
Photocatalytic Activity Under Sunlight", International
Journal of Engineering, Transactions A: BAsics, Vol. 28,
No.10, (2015),1401-1407.
7. Shokri, A., Mahanpoor, K., Soodbar, D.,"Evaluation of a modified
TiO2 (GO–B–TiO2) photo catalyst for degradation of 4nitrophenol in petrochemical wastewater by response surface
methodology based on the central composite design", Journal
of Environmental Chemical Engineering, Vol. 4, (2016),
585–598.
8.

Shokri, A., Mahanpoor, K., "Degradation of Ortho-Toluidine
from aqueous solution by the TiO2/O3 process", International
Journal of Industrial Chemistry, Vol. 8 , (2017), 101–108.

9. Antonopoulou, M., Konstantinou, L., "Optimization and Modeling
of the Photo catalytic degradation of the Insect Repellent
DEET in Aqueous TiO2 Suspensions", Clean Soil, Air Water,
Vol. 41, (2013), 593–600
10. Nitoi, I., Oancea, P., Constantin, L., Raileanu, M., Crisan, M.,
Crisan, I., Cosma, C., "Relationship between structure of some
nitroaromatic pollutants and their degradation kinetic
parameters in uv-vis./Tio2 system", Journal of Environmental
Protection and Ecology, Vol. 17, (2016), 315–322.

1080

M. Rostami et al. / IJE TRANSACTIONS B: Applications Vol. 32, No. 8, (August 2019) 1074-1081

11. Ayouba, K., van Hullebuschb, E.D., Cassirc, M., Bermond, A.,
"Application of advanced oxidation processes for TNT
degradation: A review", Journal of Hazardous Materials, Vol.
178, (2010), 10-28.

21. Mohadesi M., Shokri A., "Evaluation of Fenton and photoFenton processes for the removal of p-chloronitrobenzene in
aqueous environment using Box–Behnken design method",
Desalination and Water Treatment, Vol. 81, (2017), 199–208.

12. Gulsen, H. E., Akarsu, C., Turkay, G. K., Kumbur, H.,
"Application of fenton and electro-fenton processes to the
removal of dexketoprofen from aqueous solutions", Journal of
Environmental Protection and Ecology, Vol. 18, (2017),
1109–1116.

22. Mohadesi M., Shokri A., "Treatment of oil refinery wastewater
by photo-Fenton process using Box–Behnken design method:
kinetic study and energy consumption", International Journal
of Environmental Science and Technology, (2019), 1-8, DOI:
10.1007/s13762-018-2153-5.

13.

23. Bayarri, B., Gimenez, J., Curco, D., Esplugas, S., "Photocatalytic
degradation of 2, 4-dichlorophenol by TiO 2/UV: kinetics,
actinometries and models", Catalysis Today, Vol. 101, (2005),
227-236.

Ludwichk, R., Helferich, O. K., Kist, C. P., Lopes, A. C.,
Cavasotto,
T.,
Silva,
D.
C.,
Barreto-Rodrigues.,
"M.Characterization and photocatalytic treatability of red water
from Brazilian TNT industry", Journal of Hazardous
Materials ,Vol. 293, (2015), 81-86.

14. Zhang, Y., Cheng, K., Lv, F., Huang, H., Fei, B., He, Y., Shen,
B., "Photocatalytic treatment of 2,4,6-trinitotoluene in red
water bymulti-doped TiO2 with enhanced visible light
photocatalytic activity", Colloids and Surfaces A:
Physicochemal Engineering Aspects, Vol. 452, (2014), 103108.
15. Surolia, P. K., & Jasra, R. V., "Photocatalytic degradation of pnitrotoluene (PNT) using TiO2-modified silver-exchanged NaY
zeolite: kinetic study and identification of mineralization
pathway", Desalination and Water Treatment, Vol. 57,
(2016), 1944-3994.
16. Montgomery, D.C., "Design and Analysis of Experiments.
Minitab Manual", New York, John Wiley and Sons, (2010)
17. Eskandarloo, H., Badiei, A., Behnajady, M.A., "Study of the
Effect of Additives on the Photo catalytic Degradation of a
Triphenylmethane Dye in the Presence of Immobilized
TiO2/NiO Nanoparticles: Artificial Neural Network Modeling",
Industrial & Engineering Chemistry Research, Vol.53,
(2014), 6881–6895.
18. Wef, A.A., "Standard Methods for the Examination of Water and
Wastewater",
American
Public Health
Association,
Washington, D.C, (1999).
19.

Shokri, A., "Application of Sono–photo-Fenton process for
degradation of phenol derivatives in petrochemical wastewater
using full factorial design of experiment", International
Journal of Industrial Chemistry,Vol. 9, (2018), 295–303.

20. Alizadeh Kordkandi, S., Forouzesh, M., "Application of full
factorial design for methylene blue dye degradation using heatactivated persulfate oxidation", Journal of the Taiwan
Institute of Chemical Engineers, Vol. 45, (2014), 2597–2604.

24. Fox, M.A., Dulay, M.T., "Heterogeneous photocatalysis",
Chemical Reviews, Vol. 93, (1993), 341-357.
25. Piscopo, A., Robert, D., Weber, J. V., "Influence of pH and
chloride anion on the photo catalytic degradation of organic
compounds: Part I. Effect on the benzamide and parahydroxybenzoic acid in TiO2", Applied Catalysis B:
Environmental, Vol. 35, (2001), 117-124.
26. Parra, S., Stanca, S. E., Guasaquillo, I., Thampi, K. R.,
"Photocatalytic degradation of atrazine using suspended and
supported TiO2", Applied Catalysis B: Environmental, Vol.
51, (2004), 107-116.
27. Zhao, H., Xu, S., Zhong, J., Bao, X., "Kinetic study on the photocatalytic degradation of pyridine in TiO2 suspension systems",
Catalysis Today, Vol. 93, (2004), 857-861.
28. Mogyorosi, K., Farkas, A., Dekany, I.,"Removal of 2Chlorophenol from Water by Adsorption Combined with Tio2
Photocatalysis", Applied Catalysis B: Environmental, Vol. 36,
(2002), 3678-3624.
29. Al-Ekabi, H., De Mayo, P., "Mayo Surface photochemistry: on
the mechanism of the semiconductor photoinduced valence
isomerization
of
hexamethyl
Dewar
benzene
to
hexamethylbenzene", The Journal of Physical Chemistry,Vol.
90, (1986), 4075-4080.
30. Daneshvar, N., Aber, S., SeyedDorraji, M. S., Khataee, A. R.,
Rasoulifard, M. H., "Photocatalytic degradation of the
insecticide diazinon in the presence of prepared nanocrystalline
ZnO powders under irradiation of UV-C light", Separation and
purification Technology, Vol. 58, (2007), 91-98.
31. Anandan, S., Vinu, A., Venkatachalam, N., Arabindoo, B.,
Murugesan, V.,"Photocatalytic activity of ZnO impregnated Hβ
and mechanical mix of ZnO/Hβ in the degradation of
monocrotophos in aqueous solution", Journal of Molecular
Catalysis A: Chemical, Vol. 256, (2006), 312-320.

M. Rostami et al. / IJE TRANSACTIONS B: Applications Vol. 32, No. 8, (August 2019) 1074-1081

1081

Using Experimental Design to Optimize the Photo-degradation of P-Nitro Toluene by
Nano-TiO2 in Synthetic Wastewater
M. Rostami, H. Mazaheri, A. Hassani Joshaghani, A. Shokri
Department of Chemical Engineering, Arak Branch, Islamic Azad University, Arak, Iran

PAPER INFO

%!

Paper history:
Received 16 April 2019
Received in revised form 30 june 2019
Accepted 05 july 2019

.8 /

7 $ !A B . 8
-

&D#G pH -#=E

(PNT)

&. 1 $

2$

<=0 . 5 !$ - 6 7 .8 / 0

0
/

-

! " # $

) * + ,- ! . /0 + $ 0

!: (TiO2) ;

Keywords:
UV/TiO2 Process
Degradation
p-Nitro Toluene
Mineralization
Analysis of Variance

$ UV / TiO2
.

! >-

/ ?

! #=, / 0 F $ /
(ANOVA) H

8

- @

C#

4 $/09

7
!

7 8 - % 120

! #=, / 0 F $
H - @ 1 5

'
-8

!:
+6 M

!$ -8 &

.& '
!: UV/TiO2
0 / 0 -=

D $ - (FFD) C$ 8 C

- ?I .&

5

(R2 = 0.9876, R2pred = 0.8585, R2adj = 0.9596) ! #J$ &%

pH=4 [TiO2] = 0.2g/L

. 3 4

?
-K $ +

' / 0 C:5
.&

8

9

8 &D#G
' " $

- @ 1 5

5;I
L / . 5

5 - @ [PNT] =50 mg/L

. 5 !$ COD=55% 64%
doi: 10.5829/ije.2019.32.08b.03

@

