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the decomposition of organic and inorganic pollutants with 
different procedures such as photocatalytic oxidation [1–5], 
chemical decomposition [6] and reverse osmosis [7].

Among the mentioned procedures, the photo decomposi-
tion of water pollutants using semiconductor nanoparticles 
is more conventional [8]. In this technique, the photo deg-
radation mechanism of the organic pollutants includes three 
steps. Firstly, the irradiation of photons with energy higher 
than that of the band gap of applied semiconductor, which 
leads to the photo excitation of electron from valence band 
to the conduction band. Then, the isolation of the produced 
electron–hole (e−–h+) pairs. Finally, the redox reaction on 
the surface of semiconductor [9]. The application of indi-
vidual semiconductors such as TiO2, SnO2 and ZnO can 
confine the removal efficiency of organic pollutants. It 
may be attributed to the recombination of produced elec-
tron–hole pairs [1, 4]. The several investigators reported 
the different procedures, which can be applied to solve this 
circumscription. Some of these procedures are the com-
bination of several semiconductors [1, 2, 10], introduc-
ing the noble metals on the outer surface of semiconduc-
tors [11–13] and conjunction of the semiconductors on the 
surface of materials with high aspect ratio such as carbon 
nanotubes [4, 14, 15].

Kan et  al. [16] studied the photo degradation of Rho-
damine B using decorated carbon nanotubes with TiO2 
nanoparticles. They reported that the decoration of TiO2 
nanoparticles on the outer surface of carbon nanotubes 
enhanced the decomposition of pollutant.

Ming-liang et  al. [17] investigated the photocatalytic 
activity of CNT-TiO2 nanocomposite for decomposition 
of methylene blue (MB) as pollutant. Their experimental 
results showed that the irradiation time and TiO2 precursor 
affected the photo degradation of MB.

Abstract  Photo degradation of the organic pollutants 
using photocatalysts is affected by several factors. The 
main goal of the current study is investigation the effect 
of UV irradiation time (ranging from 5 to 25 min), pH of 
suspension (4, 7 and 10) and weight fraction (0.125, 0.25 
and 0.5wt%) of decorated MWCNTs with ZnO nanoparti-
cles (MWCNTs-ZnO) as photocatalyst on the removal effi-
ciency of methylene blue using design of experiments. The 
results demonstrate that the photocatalytic performance 
increase by increasing the UV irradiation time and weight 
fraction. The statistical results show that all of the main 
factors, interaction between two and three factors have 
remarkable effect (at α = 0.05) on the photocatalytic perfor-
mance of three synthesized MWCNTs-ZnO. The adequacy 
study of the proposed models reveals that all of the pro-
posed models can predict the photocatalytic performance 
of MWCNTs-ZnO. The optimazation of the process show 
that the optimal level of the main factors such as UV irra-
diation time, pH and weight fraction, for maximizing the 
photo degradation of methylene blue as organic pollutant, 
are 25 min, 4 and 0.5wt%, respectively.

1  Introduction

In the recent years, the environmental problems such as the 
contamination of water supplies with the sewerage of dif-
ferent industries have been strongly considered [1–3]. Up 
to now, there are innumerous investigations which reported 
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Feng-jun et al. [18] investigated the effect of Ag nan-
oparticles amount in the CNT-TiO2 hybrid on the photo 
degradation of MB. According to their results, it can be 
observed that the increasing amount of Ag nanoparticles 
on the CNT-TiO2 surface increased the decomposition of 
pollutant.

Roozban et  al. [4] compared the photo degradation 
of methyl orange (MO) using ZnO nanoparticles, multi-
walled carbon nanotubes (MWCNTs) and MWCNTs-
ZnO. They reported that the removal efficiency of MO 
increased with respect to the UV irradiation time and 
weight fraction of photo catalysts.

Wang et al. [15] have reported the augmentation of pho-
tocatalytic activity of TiO2-MWCNTs rather than MWC-
NTs and TiO2 alone for degradation of MB.

Roozban et al. [19] studied the effect of weight fraction, 
irradiation time and the amount of ZnO nanoparticles on 
the photocatalytic activity of synthesized MWCNTs-ZnO 
for decomposition MO. They observed that both weight 
fraction and irradiation time have a significant effect on the 
photo degradation of MO. Also, they reported that the pho-
tocatalytic activity of samples increased by increasing the 
amount of ZnO nanoparticles precursor.

Although, the effect of different parameters such as 
irradiation time, concentration and pH were investigated 

Table 1   Analysis variance of 
photocatalytic performance for 
sample 1

Source Df SSeffect MSSeffect F Value P value

Model0 44 95,841.07 2178.21 440.03 <0.0001 Significant
A 4 50,125.36 12,531.34 2531.54 <0.0001 Significant
B 2 27,735.23 13,867.61 2801.49 <0.0001 Significant
C 2 15,200.24 7600.12 1535.35 <0.0001 Significant
AB 8 788.86 98.61 19.92 <0.0001 Significant
AC 8 783.49 97.94 19.78 <0.0001 Significant
BC 4 461.10 115.27 23.29 <0.0001 Significant
ABC 16 746.80 46.67 9.43 <0.0001 Significant
Lack of fit 0 0 – – – Insignificant
Pure error 90 445.51 4.95 – – –
Total 134 96,286.58 – – – –
Std. Dev 2.22 R2 0.9954
Mean 52.15 Adj R2 0.9931
C.V 4.27 Pred R2 0.9896
PRESS 1002.39 Adeq precision 73.957

Table 2   Analysis variance of 
photocatalytic performance for 
sample 2

Source Df SSeffect MSSeffect F Value P value

Model 44 55,412.31 1259.37 432.57 <0.0001 Significant
A 4 19,991.05 4997.76 1716.64 <0.0001 Significant
B 2 17,605.62 8802.81 3023.60 <0.0001 Significant
C 2 14,243.37 7121.68 2446.16 <0.0001 Significant
AB 8 2727.99 341.00 117.13 <0.0001 Significant
AC 8 365.92 45.74 15.71 <0.0001 Significant
BC 4 208.67 52.19 17.93 <0.0001 Significant
ABC 16 269.61 16.85 5.79 <0.0001 Significant
Lack of fit 0 0 – – – Insignificant
Pure error 90 262.02 2.91 – – –
Total 134 55,674.34 – – – –
Std. Dev 1.71 R2 0.9953
Mean 72.44 Adj R2 0.9930
C.V 2.36 Pred R2 0.9894
PRESS 589.55 Adeq precision 86.558
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on the photocatalytic activity of single and hybrid pho-
tocatalysts. But up to now the combined effect of these 
three parameters (irradiation time, concentration and pH) 

have never been studied. Therefore, the main goal of this 
study is the investigation and optimization of photocata-
lytic activity of different kinds of MWCNTs-ZnO for 
degradation of MB using design of experiments (DOE).

Table 3   Analysis variance of 
photocatalytic performance for 
sample 3

Source Df SSeffect MSSeffect F Value P value

Model 44 22,084.96 501.93 168.67 <0.0001 Significant
A 4 8428.92 2107.23 708.11 <0.0001 Significant
B 2 5572.44 2786.22 936.27 <0.0001 Significant
C 2 6928.55 3464.28 1164.12 <0.0001 Significant
AB 8 454.84 56.86 19.11 <0.0001 Significant
AC 8 480.55 60.07 20.19 <0.0001 Significant
BC 4 87.64 21.91 7.36 <0.0001 Significant
ABC 16 132.02 8.25 2.77 0.0012 Significant
Lack of fit 0 0 – – – Insignificant
Pure error 90 267.83 2.98 – – –
Total 134 22,352.79 – – – –
Std. Dev 1.73 R2 0.9880
Mean 83.23 Adj R2 0.9822
C.V 2.07 Pred R2 0.9730
PRESS 602.61 Adeq precision 48.395

Fig. 1   Normal probability plot of residuals for photocatalytic perfor-
mance of sample 1

Fig. 2   Normal probability plot of residuals for photocatalytic perfor-
mance of sample 2
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2 � Experimental

2.1 � Materials

Three kinds of hybrid containing MWCNTs and ZnO nano-
particles which were synthesized and characterized in our 
previous works [4, 19], are applied in this study as photo-
catalyst. These three photocatalysts are labled as sample 1, 
sample 2 and sample 3. The amount of MWCNTs in these 
photocatalysts is equal to 0.02, 0.04 and 0.06  g, respec-
tively. The content of ZnCl2 as precursor of ZnO nanoparti-
cles in all of the synthesized hybrids is equal to 0.3 g.

2.2 � The photocatalytic performance of sapmles

The applied organic pollutant for investigation of photo-
catalytic performance of synthesized hybrid is MB. For this 
purpose, the suspensions containing 10  ppm of MB and 
certain amount of synthesized photocatalysts (in the range 
of 0.125–0.5wt%) at desired pH (4, 7 and 10) are mixed at 
a dark module for 60 min. This process leads to the adsorp-
tion–desorption equilibrium between photocatalysts and 
organic pollutant. Then, the mixed suspensions are irradi-
ated using a Hg vapor lamp (150 W) as a UV irradiation 

source at every 5  min interval. Subsequently, the absorb-
ance of MB in the irradiated suspensions which are cen-
trifuged are recorded at 664 nm [20] via a UV–Vis spec-
trophotometer (Lambda EZ 201, Perkin Elmer company). 
Finally, the photocatalytic performance of synthesized pho-
tocatalysts are eveluated based on the removal efficiency of 
applied organic pollutan as Eq. 1 [1, 3]:

A0 is the amount of absorbance at 664 nm after mixing 
at dark condition (without irradiation). At is the absorbance 
after any interval irradiation.

2.3 � Design of experiments

The effect of all of the experimental factors which can 
be ranged simultaneously during the experiments can be 
investigated according to the statistical analysis via DOE 
[21]. Therefore, in the current investigation the influence 
of independent variables such as UV irradiation time rang-
ing from 5 to 25 min (A), pH of suspensions at three levels 
equal to pH 4, 7 and 10 (B) and weight fraction of pho-
tocatalysts at three levels equal to 0.125, 0.25 and 0.5wt% 
(C) on the removal efficiency of MB are studied using DOE 

(1)Photocatalytic performance (%) =
A0 − A

t

A0

× 100

Fig. 3   Normal probability plot of residuals for photocatalytic perfor-
mance of sample 3

Fig. 4   Outlier t plot of residuals for photocatalytic activity of sample 
1
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(Design-Expert version 6.0.2). In addition, of the main fac-
tors, the influence of the interaction between two and three 
main factors on the removal efficiency of MB is studied. 
For the analysis of results with high accuracy, all of the 
measurements are replicated for 3×.

2.4 � Hypothesis testing

The evaluation of variance between experimental points 
is carried out using Fisher’s F distribution. In this test, F 
hypothesis at significance level of α (0.05) which is speci-
fied as below is applied.

H0: µ1 = µ2 Null hypothesis
H1: µ1 ≠ µ2 Alternative hypothesis
where µ1 and µ2 are refered to the deviance of a parame-

ter at level 1 and level 2, respectively. Meanwhile, it can be 
said that the null hypothesis can be rejected if the F value 
of studied factor be higher than critical F value (F value at 
α = 0.05). The rejection of the null hypothesis means that 
the variation of the factor’s level leads to the significant 
difference in the response. In addition, the null hypothesis 
of the F distribution test can be rejected according to the 
results of the analysis of variance (ANOVA) test. In the 
ANOVA test, the hypothesis investigation can be done 

Fig. 5   Outlier t plot of residuals for photocatalytic activity of sample 
2

Fig. 6   Outlier t plot of residuals for photocatalytic activity of sample 
3

Fig. 7   Predicted versus actual values for photocatalytic activity of 
sample 1
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based on the comparison between values of factor effects 
and experimental error at α = 0.05. So, each factor, which 
the value of that is higher than that of error, can be con-
sidered as a significant factor. Accordingly, Fisher’s F-test 
which is mentioned in Eq. (2), can be applied to individu-
ated the significant and insignificant factors [22]:

where, MSSeffect is sum of squares magnitude of each 
effects, MSSerror is sum of squares magnitude of error.

3 � Results and discussion

3.1 � The analysis of variance test for photocatalytic 
activity

The results of ANOVA test for photo degradation of meth-
ylene blue using sample 1, sample 2 and sample 3 are 
listed in Tables 1, 2 and 3, respectively. According to the 
obtained results, it can be observed that the removal effi-
ciency of MB using three samples are significantly varied 
with three main factors such as irradiation time (A), pH (B) 
and weight fraction (C). Meanwhile, the results confirmed 

(2)F =
MSSeffect

MSSerror

that the interaction between two main factors (such as AB, 
AC and BC) and three main factors (ABC) have significant 
effect at 95% level of confidence (α = 0.05). Therefore, as 
can be seen there is not insignificant factors and interaction 
of them.

Accordingly, the proposed models include all of the 
main factors, two and three interactions of main factors. So, 
it can be concluded that as a result of the presence of only 
significant factors in the proposed models, these models are 
significant at 5% level of probability. Therefore, these mod-
els can strictly predict the photocatalytic performance of 
three synthesized samples for degradation of MB. Based on 
the F value of the main factors, two and three interactions 
of the main factors, it is clear that the sequence of the F 
value is as: main factors >2 interactions of the main factors 
>3 interactions of the main factors. Subsequently, it can be 
deducted that the effect and contribution of main factors in 
the proposed models is higher than that of two and three 
interactions of the main factors.

The adequacy of the presented models can be evalu-
ated using several statistical parameters, which are listed in 
Tables 1, 2 and 3. One of the mentioned statistical param-
eters is R-Squared (R2). The values of this parameter for 
the photocatalytic activity models of sample 1, 2 and 3 are 
0.9954, 0.9953 and 0.9880, respectively. Based on these 

Fig. 8   Predicted versus actual values for photocatalytic activity of 
sample 2

Fig. 9   Predicted versus actual values for photocatalytic activity of 
sample 3
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values it can be deducted that the variation of the photocat-
alytic performance of three synthesized photocatalysts can 
predicte using presented models approximately up to 99% 
and only 1% of variability in the experimental data is not 
predictable according to the Eq. (3) [22].

where, SSerror and SStotal are sum of squares of model and 
total, respectively.

The introducing of the insignificant factors in the mod-
els can be distinguished based on the Adj R2. It may be 
due to the reduction the value of Adj R2 rather than R2 
as a result of the presence of insignificant factors in the 
models [1, 4]. Therefore, the comparison between R2 and 
Adj R2 of three models reveals that there is not an obvi-
ous difference between the values of these two statistical 
parameters. Accordingly, it can be derived that all of the 

(3)R2
=

SSmodel

SStotal

proposed model have an acceptable competence for predic-
tion the photocatalytic performance of samples. The results 
of the previous reports [23, 24] confirm that the difference 
between Pred R2 and Adj R2 of adequate models should 
be lower than 0.2. So, the listed values of Pred R2 and Adj 
R2 in Tables  1, 2 and 3 justify that all of the models are 
suitable.

3.2 � The adequacy study of models

It should be considered that the analysis of variance test is 
carried out based on several assumptions such as normal 
and independent distribution of error [22, 24]. The ade-
quate models which proposed using ANOVA test should 
be evaluated to verification of the assumptions. For this 
purpose, the graphical techniques which propone the func-
tional of response with main and interactions of parameters 
are very applicable [22]. The first assumption of ANOVA 

Fig. 10   Two factor interaction 
plots for photocatalytic perfor-
mance of sample 1, a time-pH, 
b time-weight fraction, c pH-
weight fraction
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test (normal distribution of error) can be investigated using 
normal plot of residuals which represent the relationship 
between normal probability and studentized residuals. 
Figures  1, 2 and 3 represent the normal probability plot 
of residuals for photocatalytic performance of sample 1, 2 
and 3, respectively. These three figures verify the normality 
of error in three proposed models. So, it can be confirmed 
that the normal distribution of errors justify in the proposed 
models via ANOVA test. Therefore, these models have suf-
ficient adequacy for prediction of responses (photocatalytic 
performance of samples for degradation of MB) at each 
level of irradiation time, pH and weight fraction.

The outlier test is an another graphical technique which 
represents the studentized residuals versus run num-
ber. This test can be applied to appointment of perturba-
tion among error or residuals and response. Outlier t plot 

of residuals for photocatalytic activity of sample 1, 2 and 
3 illustrate in Figs.  4, 5 and 6, respectively. According to 
Fig. 4, it is clear that only one design point which is encir-
cled is as an outlier point. The presence of this outlier 
design point can be attributed to the measurement error 
during the experiments. Hereon, it can be concluded that 
this point cannot offend the adequacy of model. The results 
of Figs. 5 and 6 depict that there is not outlier design point 
in the experimental results of the sample 2 and 3. There-
fore, the adequacy of all models can be emphasized again.

The comparison between the actual experimental data 
and the predicted value of the photocatalytic performance 
of sample 1, 2 and 3 using the proposed models are pre-
sented in Figs.  7, 8 and 9, respectively. As can be seen, 
there is an accommodating consistency among actual and 
predicted values of responses. Therefore, it can be elicited 

Fig. 11   Two factor interaction 
plots for photocatalytic perfor-
mance of sample 2, a time-pH, 
b time-weight fraction, c pH-
weight fraction
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that all of the proposed model can predict the photocata-
lytic performance of samples.

3.3 � Interaction study between two factors

The reciprocal interactions among studied main factors 
(irradiation time, pH and weight fraction) on the photocata-
lytic performance of three synthesized samples, sample 1, 
sample 2 and sample 3 are illustrated in Figs. 10, 11 and 12, 
respectively. The results of these three Figures are repre-
sented the interactions between two main factors (AB, AC 
and BC) when the third factor (C, B and A) is constant at 
lower level (the lower level of A, B and C are 5 min, 4 and 
0.125wt%, respectively). According to these plots, it can 
be observed that the plotted lines in the Figs.  10, 11 and 
12 are not parallel. Therefore, it can be concluded that the 

each main factors can affect the other main factor. So, the 
reciprocal interactions between factors are significant and 
the proposed models include all of the two factors interac-
tions. The obtained results of two factors interactions can 
justify the results of ANOVA test. The mutual interaction 
between irradiation time and pH (A–B) on the photocata-
lytic performance of samples 1, 2 and 3 are depicted in 
Figs. 10a, 11a and 12a, respectively. As can be observed in 
these Figures by fixing the pH of suspensions at each level 
(pH 4, 7 and 10), the variation of irradiation time from 5 to 
25 min leads to the enhancement of photocatalytic perfor-
mance of all synthesized samples for photo degradation of 
MB. The observed enhancement may be due to the extent 
of electron excitation. Because, the irradiation of UV to 
the surface of synthesized photocatalysts (MWCNTs-ZnO) 
eventuate to the electron migration from valence band of 

Fig. 12   Two factor interaction 
plots for photocatalytic perfor-
mance of sample 3, a time-pH, 
b time-weight fraction, c pH-
weight fraction
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ZnO nanoparticles to the conduction band and generation 
of electron–hole pairs. The generated electron–hole pairs 
can convert to the oxidant species. Therefore, by increas-
ing the UV irradiation time, the oxidation of organic pol-
lutant increases [1, 3]. Meanwhile, according to these three 
Figs.  10a, 11a and 12a) it is clear that the photocatalytic 
performance of solution with pH 7 is lower than that of pH 
4 and pH 10 and the obtained results which are presented in 
Figs. 10c, 11c and 12c emphasize that. Two factors interac-
tion between irradiation time and weight fraction of pho-
tocatalysts (A–C) for sample 1, sample 2 and sample 3 are 
illustrated in Figs.  10b, 11b and 12b, respectively. Based 
on these Figures, it can be observed that the photocata-
lytic performance of all samples increased with respect to 
the weight fraction and irradiation time. The augmentation 
of the photocatalytic performance of samples with weight 
fraction can lay to the enhancement of surface area. Owing 
to by increment the MWCNTs-ZnO photocatalysts con-
tent in the suspension, the surface of photocatalyst which 
is irradiated using UV source is increased [4, 19]. There-
fore, the amount of excited electrons and photo generated 
electron–hole pairs which can decompose the organic pol-
lutants increase.

3.4 � Optimization of the photocatalytic performance

The optimization of the photocatalytic performance of 
synthesized samples containing MWCNTs and different 
amount of ZnO nanoparticles for photo degradation of 
MB is carried out to find the optimum level of each main 
factors. According to the optimization process, the photo-
catalytic performance of synthesized photocatalysys can be 
maximized at the obtained optimal level of main factors. 
The results of the numerical optimization are presented in 
Table 4. As can be seen in this Table, all of the main factors 
are fixed between lower and upper limit and photocatalytic 
performance of samples are fixed to maximize. Based on 
Table 4, it can be observed that the optimal levels of time, 
pH and weight fraction are 25 min, 4 and 0.5wt%, respec-
tively. It should be mentioned that the observed optimal 
conditions are same for the photocatalytic performance of 
three synthesized samples. Meanwhile, it can be seen that 
the maximum photocatalytic performance of sample 1, 
sample 2 and sample 3 at optimum level of operating con-
ditions are equal to 98.85, 99.63 and 99.98%, respectively.

4 � Conclusions

In the current research, the optimization of the photocata-
lytic activity of decorated MWCNTs with different amount 
of ZnO nanoparticles for decomposition of MB is inves-
tigated. The results show that the studied main factors Ta
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such as UV irradiation time, pH and weight fraction have 
a significant effect on the photo degradation of pollutant. 
Meanwhile, interaction between two and three factors influ-
ences the removal efficiency of MB at 5% level of prob-
ability. The optimization of the process reveals that the 
optimal level of irradiation time, pH and weight fraction for 
maximizing the photocatalytic performance of samples are 
25 min, 4 and 0.5wt%.
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