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ABSTRACT

Environmental organic pollutants are mineralized to harmless final-products such H2O and
CO2 by photocatalytic advanced oxidation processes (AOPs). In photocatalytic-AOPs, an
appropriate concentration of p-Cresol was mixed with certain amount of ZnO in 500 mL
deionized water according to an experimental-design. Then the mixture was irradiated by
UV-A lamp at different pH for 6 h. At specific time intervals, the sampling was carried out
to calculate the efficiency of the photodegradation. Therefore, the photodegradation as a
system consists of four input variables such irradiation time, pH, amount of ZnO and
p-Cresol’s concentration while the only output was the efficiency. In this work, the system
was modeled and optimized by semi-empirical response surface methodology. To obtain
the empirical responses, the design was performed in laboratory. Then observed responses
were fitted with several well-known models by regression process to suggest a provisional
model. The suggested model which was validated by several statistical evidence, predicted
the desirable condition with higher efficiency. The predicted condition consisted of irradia-
tion time (280 min), pH (7.9), photocatalyst (1.5 g L−1), p-Cresol (95 mg L−1) and efficiency
(95%) which confirmed by further experiments. The closed confirmation results has
presented the removal (efficiency = 94.7%) of higher p-Cresol concentration (95 mg L−1) at
shorter irradiation time in comparison with the normal photodegradation efficiency (97%)
which included irradiation time (300 min), pH (7.5), photocatalyst amount (1.5 g L−1) and
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p-Cresol (75 mg L−1). As a conclusion, the modeling which is able to industrial scale up suc-
ceeded to remove higher concentration of environmental organic pollutants with ignorable
reduction of efficiency.
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ZnO; Organic-pollutant; Water treatment; RSM; Environment

1. Introduction

Well over 90% of untreated wastewater that con-
tains organic pollutants such as phenolic compounds
is flowing into rivers, lakes and highly productive
coastal zones; hence, the effective methods to remove
the pollutants have been attracted attention [1]. The
methods are including biological oxidation systems,
electrochemical techniques, physical adsorption meth-
ods and advanced oxidation processes (AOPs) [2–7].
However, the biological methods are slow, selective,
pH and temperature sensitive [8,9]. The chemical
methods are unable to mineralize all the organics and
also generate new environmental pollutants [10]. The
physical methods such as adsorption techniques are
not able to remove the hazardous from the environ-
ment. Among them, the AOPs mineralize the organics
to environmental friendly final-products such H2O
and CO2 using a non-toxic semiconductors as sus-
pended photocatalyst [11–14]. The promising approach
is to use the photocatalyst for producing the carrier
pairs (e� and h+) such as excited electrons and
remained holes that are generated by a light irradia-
tion source. The carriers are driven to the surface of
the photocatalyst and then into the interface layers in
suspended solution [15–18]. The layers are placed
between solid (catalyst) and liquid phases (aqueous
pollutants) which contain H2O and dissolved oxygen
molecules. The oxygen traps the excited electrons and
converts it to “O�

2” product that is very reactive spe-
cies. On the other hand, remaind holes are reduced by
H2O and may be organic pollutants in higher concen-
tration [19]. The species are converted to hydroxyl
radical (�OH) which is powerful and non-selective
agent to oxidize the organic pollutants and their
probable intermediates [16,20,21]. The layers are
affected by four initial factors such as pH, amount of
the suspended photocatalyst and pollutants concentra-
tion as input variables which change the efficiency of
the photodegradation as final output. The pH of the
liquid phase affects the layers’ electrical charges;
the amount of the catalyst and the pollutants changes
the number of active site in the layers [22–24]. More-
over, irradiation time is another effective variable that
generates the carrier pairs. Obviously, to enhance the
efficiency, it needs to optimize the input variables.

However, the optimization is quite complicated
because it contains the calculation of mass transfer,
mechanism of the reactions, kinetic evaluation, and
the balance of radiant energies that have been irritat-
ing tragedies for the traditional methods such as one
variable at a time [20,21,25–27]. Recently, multivariate
methods such as response surface methodology (RSM)
has been accepted for modeling of the productive pro-
cesses to optimize the input variables and achieve the
optimal yield of production as output without the
mentioned complexities [28]. The modeling is a semi-
empirical technique that uses experimental results,
and a group of mathematical and statistical algorithms
[29]. As it is reported, modeling has successfully maxi-
mized the efficiency of several photodegradation such
as methylparaben, phenol and azo dye [30–32]. As
objectives of this work, the photodegradation was
modeled by RSM. For the modeling, the experiments
were designed to obtain the matrix of the variables
such as irradiation time, pH, the photocatalyst amount
and concentration of pollutant while the only response
was the efficiency of the photodegradation. To calcu-
late the efficiencies as responses, the design was per-
formed in laboratory according to the following
methodology. The observed responses were used for
regression and fitting process to find the suitable
provisional model for the photodegradation. The
model was validated by using several statistical tech-
niques in analysis of variance (ANOVA). The vali-
dated model obtained the optimized values of the
variables which maximized the efficiency of the pho-
todegradation. As final achievement, the model pre-
dicted the desirable condition including minimum
standard error and the maximum efficiency which
were validated by further experiments.

2. Experimental

2.1. Materials and methods

The used chemicals were including ZnO (99%,
Merck). p-Cresol (99.5%, Fluka), NaOH (99% Merck),
H2SO4 (95–97%) and other required materials were
obtained from Merck, and were used without further
purification. To obtain the actual responses, the design
of the experiment (Table 1) was performed in
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laboratory by using a non-continuous binary
photoreactor which identified in our previous work
[16]. According to the design, known amount of
p-Cresol and ZnO were mixed to make a litter suspen-
sion that was irradiated by an UV-A lamp (6 W). The
intensity of the light source peaked at 365 nm. To
maintain suspension throughout the photoreactor, the
solutions were magnetically stirred. In order to liber-
ate any CO2 formed, oxygen availability and fluidiza-
tion of solution, air was blown into the solution by an
air-pomp with flow rate 150 Lh−1. The temperature of
the solution was maintained at 25˚C by following cool
water into the binary of the photoreactor [25]. To
evaluate the degradation, the samples were with-
drawn from the bulk solution during performance and
filtered through a 0.45 μm polytetrafluro-ethylene

membrane [16]. To measure the unreacted p-Cresol,
the absorbance of solutions was recorded by
Shimadzu, UV-1650PC UV–Visible spectrometer, at
277 nm that is maximum wavelength of the Cresol
[25]. The observed results in the laboratory were used
to calculate the efficiency as actual response that
applied for fitting process and modeling. The calcula-
tion method was reported by our previous work [25].

2.2. The experimental design

As Table 1 shows, the experiments were designed
by central composite design (CCD) that is default of
Design-Expert software version 8.0.7.1, Stat-Ease Inc.,
USA [33]. As initial information, the level of the
effective variables were selected in vicinity of the pho-
todegradation efficiency according to previous work
[25]. In the design, the number of experiments was 30
which consist of the factorial points (16), the axial
points (8) and the replications (6). The replications are
used to measure experimental error. Table 2 shows
the variables and also their used levels in the design.
In Table 1, each raw presents an experiment that
contains the run number, variable (xi) and observed
output (actual responses).

3. A brief theory of RSM

RSM creates a functional relationship between
variable–variable and variables–response by using
approximated low-degree polynomial models that
consist of the variables and their coefficients. Eq. (1)
shows the second-order polynomial which RSM
commonly uses for optimization process [34],

Y ¼ b0 þ
Xn

i¼1

bixi þ
Xn

i¼1

biix
2
iþ

Xn�1

i¼1

Xn

j¼iþ1

bijxixj þ e (1)

where Y is the interested response, β0 is a constant
term, βi is the coefficient of the linear terms, βii repre-
sents the coefficient of the quadratic terms, βij is the
coefficient of the interaction terms while xi are control
variables and “ε” is a random experimental error [35].
To estimate the β’s, RSM fitting process provides the
sufficient data by regression technique [36,37]. In
the process, the actual responses from performance of
the experimental design are fitted to the linear, two-
factor interaction (2FI), quadratic and cubic models by
sequential model sum of squares (SMSS) [36,37]. The
results of the SMSS are compared to select the provi-
sional model for the system. In this case the system is
photodegradation. The SMSS compares the sufficiency

Table 1
The CCD experimental-design of the photodegradation, x1,
x2, x3 and x4 are the input variables, Ya and Yp are actual
and model predicted output respectively, the residuals are
the difference between Ya and Yp

Run x1 x2 x3 x4

Ya

(%)
Yp

(%) Residual

1 180 6 1 50 46.21 46.00 0.21
2 300 6 1 50 64.9 63.29 1.61
3 180 9 1 50 69.81 70.63 −0.82
4 300 9 1 50 84.88 86.67 −1.79
5 180 6 2 50 64.73 66.13 −1.40
6 300 6 2 50 90.04 92.67 −2.63
7 180 9 2 50 75.27 75.50 −0.23
8 300 9 2 50 99.98 100.79 −0.81
9 180 6 1 100 35.19 35.29 −0.10
10 300 6 1 100 55.88 55.83 0.05
11 180 9 1 100 58.54 58.67 −0.13
12 300 9 1 100 78.08 77.96 0.12
13 180 6 2 100 34.89 33.67 1.12
14 300 6 2 100 63.4 63.46 −0.06
15 180 9 2 100 42.21 41.79 0.42
16 300 9 2 100 72.88 70.33 2.55
17 120 7.5 1.5 75 47.23 45.38 1.85
18 360 7.5 1.5 75 91.48 91.21 0.27
19 240 4.5 1.5 75 25.31 23.54 1.77
20 240 10.5 1.5 75 55.4 55.04 0.36
21 240 7.5 0.5 75 70.04 70.04 0.00
22 240 7.5 2.5 75 84.11 82.54 1.57
23 240 7.5 1.5 25 94.91 96.38 −1.47
24 240 7.5 1.5 125 52.95 55.21 −2.26
25 240 7.5 1.5 75 98.62 96.83 1.79
26 240 7.5 1.5 75 97.13 96.83 0.30
27 240 7.5 1.5 75 98.07 96.83 1.24
28 240 7.5 1.5 75 96.53 96.83 −0.30
29 240 7.5 1.5 75 97.08 96.83 0.25
30 240 7.5 1.5 75 97.93 96.83 1.10
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of the models using the statistical significance of add-
ing new model terms, step-by-step in increasing order
[38]. The comparison is presented by statistical evi-
dence such as the F-value, predicted residual sum of
squares (PRESS), adjusted R-squared (RAdj), predicted
R-squared (Rpred), and probability value (p-value). The
PRESS is the sum of the squares of a model’s predic-
tion errors. The minimum value of the p-value and
PRESS as well as the maximum value of RAdj, RPred,
and F-value are considered to determine the provi-
sional model of the process [39]. The provisional
model is usually suggested by the software and is
studied in detail by using ANOVA [40]. The ANOVA
indicates the significance of each term of the model,
including the intercept, linear, interaction, and square
terms. In fact, the adequacy of the model such as
importance of the terms is certified by ANOVA and
then the model is used to navigate the process (in this
case photodegradation). The model is able to track the
optimum amount of the variables in the experimental
design points by canonical and 3D plots as points and
surface response respectively. Moreover, the model
predicts the desirable condition that selected by
experimenter to maximize the yield of the process (in
this case, the efficiency of the photodegradation).

4. Results and discussion

4.1. Photodegradation modeling

In the modeling process, the obtained actual
responses of performed experimental design (Table 1)
were fitted with linear, 2FI, quadratic and cubic mod-
els to calculate residuals. The residual values shows
the difference between actual responses and the mod-
els predicted responses which were based of SMSS
evaluation and model selection [36,37]. Table 3 shows
the statistical evidences of the models that originated
based on the residuals. As observed, standard

deviation (std. dev.) of the quadratic model that
indicates the outlier of the actual responses was mini-
mum in comparison with other models [41]. More-
over, its lack of fit’s F-value and p-value were very
small and too large respectively which show the
actual responses are fit with quadratic model. In addi-
tion, the RAdj (1.00) was in reasonable agreement
(<0.20) with RPred (0.999) as well as maximum R2 and
minimum PRESS also belong to the model. As a sum-
mary of the fitting process, the SMSS comparison for
2FI, linear, quadratic and cubic models is presented
by Table 4 that illustrates the merit of the quadratic
model. Therefore, the statistical evidence has con-
firmed the sufficiency of the quadratic model and it
was suggested as provisional model to validate in
details by using ANOVA.

4.2. The model validation

The provisional model presents the relationship
between irradiation time, pH, amount of the photo-
catalyst and concentration of p-Cresol as effective
variables and the efficiency as interested response
(Eq. (2)),

Y ¼� 602 :66146þ 1:004x1þ108:590x2þ113:696x3
þ 1:478x4�1:736E� 3x1x2 þ 0:072x1x3
þ 6:458E� 4x1x4�4:375x2x3�2:500E� 3x2x4
� 0:393x3x4�1:996E� 3x21�6:416x22�20:746x23
� 9:498E� 3x24 (2)

where x1, x2, x3 and x4 are the input variables that
have identified in Table 2 and Y is photodegradation
efficiency as interested response and output. The
model presents the linear parameters (x1, x2, x3 and
x4), quadratic factors (x21; x

2
2; x

2
3; x

2
4) and interaction of

the variables (x1x2, x1x3, x1x4, x2x3, x2x4 and x3x4) [27].

Table 2
The effective variables in code and actual value and their used level for CCD experimental design of the photodegradation

Effective variables

Level of variables

(−α) Low Center High (+α)

Code
values −2 −1 0 1 2

X1 Irradiation-time, min 120 180 240 300 360
X2 pH 4.5 6 7.7 9 10.5
X3 Photocatalyst, g L−1 0.5 1 1.5 2 2.5
X4 p-Cresol, mg L−1 25 50 75 100 125
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Generally, each parameter multiplies to individual
coefficient that determined specific weight of the
parameter in the model. The multiplied parameters
and their multiplied weights were linked by using
positive (+) and negative (−) sign. The signs affect on
the slop of the response’s curve synergistically or
antagonistically while the weights are the importance
of the parameters in the model [27]. The linear and
square parameters had synergic and antagonistic
effect on the response respectively while the effect of
the interactions parameters was consisted of them.
For example, the effect of irradiation time (x1) on
the photodegradation was analyzed in Fig. 1. As
observed, the linear has presented the synergistic
effect while curvature parts consisted of synergistic
and antagonistic effect on the efficiency. In the model
(Eq. (2)), the weights of linear and quadratic parame-
ter for x1 were 1.004 and 1.996E-3, respectively
whereas the parameter affected synergistically (+)
and antagonistically (−) on the photodegradation %.
As shown the slope of linear is sharper than curva-
ture because their weights in the model. The linear
effect was demonstrated from 120 to 240 min of
irradiation time which improved the photodegrada-
tion. However, the quadratic effect cooperated vice
versa from 250 to 300 min.

The ANOVA indicates the significant of the each
term in the model and consequently confirm the final
form of the model. As Table 5 shows, the ANOVA
evidence of existing terms in the provisional model.

Generally, the ANOVA has confirmed great signifi-
cance of the suggested model due to present high
F-value, 845.09, and low p-value <0.0001. The form of
the suggested model can be changed according to the
ANOVA information about the terms. As shown,
only x1x2 and x1

2 are not-significant which could
remove from the original provisional model. There-
fore the new form of the final model are presented
in Eq. (3),

Table 3
The fit statistics and lack of fit evidence of linear, 2FI, quadratic and cubic models which obtained from fitting process

Source
Lack of fit Model summary statistics

F-value p-value Std. dev. RAdj RPred R2 PRESS

Linear 459.8 7540.85 17.4 0.487 0.405 0.336 9759.7
2FI 600.5 6893.51 19.1 0.531 0.284 0.213 11576.7
Quadratic 0.2 0.27 0.8 1.000 0.999 0.997 44.9
Cubic 1.8 14.52 1.1 0.999 0.998 0.994 89.5

Table 4
The SMSS comparison for 2FI, linear, quadratic and cubic
models to suggest the provisional

Source F-value p-value Remark

2FI vs. Linear 0.3 0.9307
Quadratic vs. 2FI 1385.3 <0.0001 Suggested
Cubic vs. Quadratic 2.9 0.0925 Aliased

Fig. 1. The linear and quadratic effect of irradiation time
(x1) as input variable on the photodegradation efficiency as
output response with error bar. The figure consists of lin-
ear and curvature parts that confirmed the effect of the
irradiation time of the efficiency.
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Y ¼ �602:66146þ 1:004x1 þ 108:590x2 þ 113:696x3

þ 1:478x4 þ 0:072x1x3 þ 6:458E� 4x1x4 � 4:375x2x3

� 2:500E� 3x2x4 � 0:393x3x4 � 6:416x22 � 20:746x23

� 9:498E� 3x24

(3)

where the terms have already been introduced by
Eq. (2).

For more evaluation, the normality of residuals,
constant error and residual outlier is checked by
diagnostic plots such as the plots in Fig. 2. The
remarkable agreement between the actual values and

the predicted values of the study was presented in
Fig. 2(a) while the distance of each observation from
the fitted line was plot (Fig. 2(b)). Therefore, ANOVA
and diagnostic plots certified the adequacy of the
quadratic model that were used to navigate the design
space.

4.3. The model navigation

The model was able to optimize the variables by
using canonical response and graphical plots. The
canonical responses are local optimums that determine
by differentiating the quadratic model (Eq. (2)) as
presented by Eqs. (4)–(7),

@Y=@X1½ �X2;X3;X4
¼ 0 (4)

@Y=@X2½ �X1;X3;X4
¼ 0 (5)

@Y=@X3½ �X1;X2;X4
¼ 0 (6)

@Y=@X4½ �X1;X2;X3
¼ 0 (7)

where the terms were introduced by Table 2. In fact,
canonical optimization which is a kind of one-
variable-at-a-time, presents the optimum points of the
input that could maximize the output. However,
the graphical optimization illustrated a surface area of
the optimum condition with lower standard error by
using 3D plots. The plots simultaneously considered
the effect of two effective variables on the output
while other two parameters were kept constant that
were determined by canonical optimization. As shown

Table 5
The ANOVA of the existing terms in suggested quadratic
model, all the terms are significant except x1x2 and x1

2

Source F-value Prob. > F Remark

x1 2474.12 <0.0001 Significant
x2 1167.45 <0.0001 Significant
x3 201.60 <0.0001 Significant
x4 1925.27 <0.0001 Significant
x1

2 0.31 0.5831 Not-significant
x2

2 59.93 <0.0001 Significant
x3

2 12.10 0.0034 Significant
x4

2 138.77 <0.0001 Significant
x1x2 0.11 0.7411 Not-significant
x1x3 310.25 <0.0001 Significant
x1x4 1141.10 <0.0001 Significant
x2x3 4604.86 <0.0001 Significant
x2x4 594.34 <0.0001 Significant
x3x4 778.66 <0.0001 Significant

Fig. 2. The diagnostic plots of model’s significance and adequacy: (a) scatter plot of predicted values vs. actual values of
the observation and (b) residual of the observation that was illustrated by residuals vs. run number.
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in Fig. 3, the quadratic model was able to track the
behavior of the input variables during the pho-
todegradation process. Fig. 3(a) shows the amount of
photocatalyst was varied while pH and p-Cresol were
kept constant at 7.5 and 75mg L−1 while Fig. 3(b)
illustrates the pH was varied while the concentration
of p-Cresol and photocatalyst were kept constant at 75
mg L−1 and 1.5 g L−1, respectively and Fig. 3(c) indi-
cates the concentration of p-Cresol was varied while
photocatalyst and pH were kept constant at 1.5 and
7.5 g L−1. As observed, irradiation time always
enhances the photodegradation when it was consid-
ered with other three variables [27]. Therefore, the
variables including pH, photocatalyst and p-Cresol,

were studied at the end of 300 min of the irradiation
time (Figs. 4–6).

Fig. 4 presents the 3D and contour plot of p-Cresol
concentration and pH in area of the standard error
which simultaneously varied at constant amount of
photocatalyst (1.5 g L−1). The efficiency was decreasing
when the concentration of p-Cresol was increased in
the selected pH up to 97%. This observation may be
due to the fact that p-Cresol molecules competes with
OH� to attract generated h+ [33]. On the other hand,
the efficiency was slightly enhanced with increasing
pH from 6 to 7.5 also up to 97% that could be attribu-
ted to an enhancement in the number of adsorbed
p-Cresol on the ZnO surface, ZnO and p-Cresol have

Fig. 3. The 3D plots of pH, photocatalyst and p-Cresol vs. the irradiation time: (a) the amount of photocatalyst was varied
while pH and p-Cresol were kept constant at 7.5 and 75 mg L−1, (b) the pH was varied while the concentration of
p-Cresol and photocatalyst were kept constant at 75 mg L−1 and 1.5 g L−1 and (c) the concentration of p-Cresol was varied
while photocatalyst and pH were kept constant at 1.5 g L−1 and 7.5 respectively.
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different charge in this range of pH [17]. However, the
efficiency was decreased above this optimum.

Fig. 5 depicts the synergy response surface
photocatalyst amount (1.0–2.0 g L−1) and pH (6–9)
with constant p-Cresol concentration (75 mg L−1) at the
end the irradiation time. As shown, the efficiency was
increased by increasing 1.0–1.5 g L−1 photocatalyst
amount and pH (6–9). One of the reasons of the
enhancement is improvement of the production of
hydroxide radicals due to increase the active site
of the photocatalyst. However, when the amount of

photocatalyst was increased in excess of the optimum
(1.5 g L−1) the efficiency decreased (<97%). The
reduction could be attributed to the screen effect
phenomena [16].

Fig. 6 illustrates the view of the simultaneous
behavior of photocatalyst (1.0–2.0 g L−1) and p-Cresol
(50–100 mg L−1) at constant pH (7.5). This point of
view also confirmed the optimum condition at 97%.
As illustrated the photodegradation increased with
increasing the photocatalyst for whole range of
p-Cresol while it decreased with increasing p-Cresol

Fig. 4. The view of the 3D and contour plots of p-Cresol’s concentration and pH at 300 min of irradiation time as vari-
ables while the amount of the catalyst was kept constant at 1.5 g L−1, the level of the effective pH was illustrated 7–8.5
and maximum concentration of p-Cresol was 75 mg L−1.

Fig. 5. The view of the 3D and contour plot of the photocatalyst amount and pH at 300 min of irradiation time while the
concentration of the p-Cresol was kept constant at 75 mg L−1, the level of the photocatalyst was determined between 0.9
and 2.3 g L−1 and the level of pH was 6.8–8.8 that is a little bit wider than the level that presented in Fig. 4.
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for the catalysis range. As a result, the graphical
optimization proved these values of input effective
variables including irradiation time (240 min), pH
(7.5), photocatalyst (1.5 g L−1) and p-Cresol (75 mg L−1)
maximized the efficiency at 97%.

4.4. The numerical optimization

The model predicted the desirable efficiency at
particular value of input variables and standard devia-
tion by using the numerical option of the used soft-
ware. The selected particular condition included
irradiation time (in rang), pH (in rang), photocatalyst
(in rang) p-Cresol (maximum), efficiency (maximum)
and standard error at minimum value in the numeri-
cal software option. The model predicted condition
was included the irradiation time (280 min), pH (7.9),
photocatalyst amount (1.5 g L−1), p-Cresol concentra-
tion (95 mg L−1) and efficiency 95%. The desirability of
the prediction was 0.921 which is quite close to 100%
(at the goal). Desirability is an objective function that

uses mathematical methods to find the optimum
condition. The range of the function is from zero (out-
side of the limit area) to one (at the goal) [33]. The
condition was validated by further experiments which
confirmed the prediction. The practical results of the
efficiency (94.7%) were very close to the predicted
value. As Table 6 shows, p-Cresol concentration
(95 mg L−1) in the model prediction was higher than
the concentration in the designed while the time of
the irradiation was decreased and the amount of the
photocatalyst was kept constant. At this desirable
condition the efficiency was not reduced which it may
be due to select the proper pH (7.9) that increases
generation of hydroxyl radicals (�OH) [24].

5. Conclusion

The process of p-Cresol photodegradation was car-
ried out in ZnO suspension and under UV irradiation
according to an experimental design. The design con-
sisted of four variables such irradiation time, pH, the

Fig. 6. The 3D and contour plots of the p-Cresol’s concentration and photocatalyst amount at 300 min of irradiation time
while the pH was kept constant at 7.5. The mentioned levels of p-Cresol and photocatalyst in the previous figures were
confirmed.

Table 6
The comparison between the designed and model predicted the photodegradation

Process

Input variables

Irradiation time (min) p-Cresol (mg L−1) Photocatalyst (g L−1) pH Output efficiency (%)

Design 300 75 1.5 7.5 97
Prediction 280 95 1.5 7.9 94.7
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amount of ZnO and p-Cresol’s concentration and the
efficiency as response. The design was performed to
calculate the efficiencies that were used for modeling
process by RSM to suggest a suitable model of the
photodegradation. As a result, quadratic model was
suggested as provisional model then it was validated
by ANOVA. The validated model was a mathematic
equation that used to optimize the variables included
irradiation time, pH, amount of ZnO and p-Cresol’s
concentration based on maximized efficiency. In the
level of the experimental design, the optimum values
of the variables were included irradiation time
(300 min), pH (7.5), photocatalyst (1.5 g L−1) and
p-Cresol (75 mg L−1) which created the efficiency 97%.
Moreover, the model predicted the desirable efficiency
by a particular condition which included, irradiation
time (in rang), pH (in rang), photocatalyst (in rang)
p-Cresol (maximum) and efficiency (maximum) as
output while standard error was at minimum value.
The predicted condition included irradiation time
(280 min), pH (7.9), photocatalyst (1.5 g L−1) p-Cresol
(95 mg L−1), efficiency (95%) and standard error was
at minimum value (0.2). The prediction was confirmed
by further experiments and presented the efficiency
(94.7%) That was very close to the predicted value
(95%). As observed, p-Cresol concentration (95 mg L−1)
in the model prediction was higher than the concen-
tration in the designed experiment while the time of
the irradiation was less than the design. The amount
of the photocatalyst was kept constant. Therefore,
RSM succeeded to model the photodegradation
process to enhance the efficiency of the higher concen-
tration of environmental pollutants.
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