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Abstract
The main goal of the present research is the synthesis of new photocatalysts to reduce the amount of organic pollutants in 
aquatic environments. For this purpose, the amount of TiO2 nanoparticles in the synthesized samples containing MWCNTs 
is controlled to synthesize two types of photocatalysts named as MCT#1 and MCT#2. Samples characterizing using XRD 
reveal that the TiO2 nanoparticles have a combined phase of rutile and anatase. So that in both of photocatalysts, the per-
centage of anatase phase is higher than rutile. The analysis of the degradation rate demonstrates that intensification level of 
TiO2 nanoparticles in MCT#2 compared to the MCT#1 leads to enhancement of photocatalytic activity of MCT#2. Design 
of experiment results shows that the destruction amount of MO is affected by irradiation time and pH. Based on ANOVA 
study, it is observed that both factors have a significant effect on reducing of MO concentration. Analyzing the results based 
on Duncan's multiple range test at α = 0.05 confirm that all the studied levels of the main parameters have a logical influ-
ence on MO destruction. Meanwhile, it can be deducted that the most and the least of destruction is observed at pH = 7 and 
pH = 3, respectively.
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Introduction

Photocatalytic decomposition of dye contaminants from 
water systems has great deal of interest due to low cost, 
high removal efficiency, easy procedure and generation of 
nontoxic products such as water and carbon dioxide (Abbasi 
2018, 2019). The photocatalytic decomposition of dye pol-
lutants is based on the electron excitation in the common 
semiconductors such as SnO2, TiO2 and ZnO (Abbasi 2020, 
2021a; Zhou et al. 2013; Zhu et al. 2015). The irradiation of 
applied semiconductors with more energy than the band gap 
causes to the electron incitement and migration of excited 
electrons from valence band (VB) to the conduction band 
(CB). As a results of electrons transmittance between VB 
and CB, the unstable electron–hole pairs can be formed 
(Ghaderi et al. 2015; Roozban et al. 2017a). The generated 

electron–hole pairs have the ability to transfer to the surface 
and participate in redox reactions. Water and oxygen can 
react with the produced electron–hole pairs and form differ-
ent types of oxidizing species (Ghaderi et al. 2018; Roozban 
et al. 2017b).

Due to the instability of the produced electron–hole 
pairs, they can easily recombine with each other and release 
energy. Therefore, the efficiency of the photocatalytic deg-
radation can be decreased (Ahmad et al. 2014; Zhu et al. 
2003). Several methods have been investigated to decline 
the recombination rate of the electron–hole pair as well as 
increment the photocatalytic removal efficiency. The most 
important principle in this field is the significant separa-
tion of the generated electrical charges. Connection of 
semiconductors with wide band gap on the surface of the 
semiconductor, photocatalytic semiconductor connection on 
materials with high surface to volume ratio including carbon 
nanotubes and graphene oxide (Abbasi 2021b; Abbasi et al. 
2020; Byrappa et al. 2008; Gao and Sun 2014; Reddy et al. 
2015) and also connection of noble metals such as gold and 
silver are effective methods for successful separation of the 
generated electron–hole pairs. Carbon nanotubes (CNTs), as 
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most important member of the carbon material group, are 
single-walled (SW), double-walled (DW) and multi-walled 
(MW) (Abbasi et al. 2013; Abbasi et al. 2016).The unique 
properties of multi-walled carbon nanotubes (MWCNTs) 
such as high specific surface area, remarkable chemical 
stability, acceptable catalytic activity and non-toxicity have 
led to their wide application in energy storage, electrode 
fabrication and photocatalyst substrate (Byrappa et al. 2008; 
Abbasi et al. 2014). The application of MWCNTs in the 
structure of semiconductor photocatalysts increases the rate 
of photocatalytic activity and the destruction rate pollutants. 
The improvement of photocatalytic performance may be due 
to the facilitation of electron transfer from the conduction 
band of photocatalysts to MWCNTs (Abbasi and Hasanpour 
2017a; Abbasi et al. 2017a). Therefore, this increases the 
electron–hole separation and decreases the recombination 
rate. According to recent reports, it is observed that ZnO, 
TiO2 and snO2 are most used in photocatalytic process to 
remove contaminants. TiO2 nanoparticles are considered 
by many researchers as photocatalysts duo to suitable band 
gap and excellent photocatalytic activity. TiO2 nanoparticles 
typically have several structures including anatase, rutile 
and brookite (Abbasi et al. 2015; Dastan 2017; Dastan et al. 
2017). Studies show that the photocatalytic activity of each 
of these structures is not the same. In recent years, the pho-
tocatalytic activity of MWCNTs fused to single structure of 
TiO2 nanoparticles has been investigated by many research-
ers. However, the photocatalytic activity of decorated MWC-
NTs with multiple structures of TiO2 nanoparticles has not 
yet been investigated. Also, the effect of the amount of deco-
rated TiO2 nanoparticles on the surface of MWCNTs on the 
photocatalytic activity has not been investigated. Therefore, 
the purpose of this research is to synthesize TiO2 nanoparti-
cles with two structures of anatase and rutile on the surface 
of MWCNTs to investigate the amount of photocatalytic 
activity for destruction of methyl orange (MO). Meanwhile, 
the importance of main factors (such as pH of suspensions 
and irradiation time) affecting the removal of MO is studied 
using statistical analysis. The influence of different levels 
of effective parameters on the decomposition of MO as an 
organic pollutant has been studied based on Duncan's mul-
tiple range test.

Experimental

Materials

Materials used in this research including the flowing:
Tetra chloride titanium (TiCl4, 99%, Merck) as precur-

sor of TiO2 nanoparticles, MWCNTs (95.9% purity, diam-
eter: ~ 40–60 nm, length: ~ 5–15 μm) is applied as substrate 
for synthesize of photocatalysts nanoparticles, Nitric Acid 

(HNO3, M = 63, 65%, Merck) is used for treatment of pris-
tine MWCNTs and producing the functionalized MWCNTs, 
and Methyl orange (99.5%, Merck) is applied to evaluate the 
photocatalytic activity of prepared photocatalysts.

Synthesis of photocatalysts including MWCNTs 
and TiO2

The synthesis of the applied photocatalysts consists of 
two main steps. The first step is to prepare the hydropho-
bic MWCNTs for bonding the TiO2 nanoparticles, and the 
second step is the synthesis of TiO2 nanoparticles on the 
functionalized MWCNTs surface which is produced in the 
previous step. To perform the first step, follow the method 
presented in the previous article of this team (Abbasi et al. 
2017a; Abbasi et al. 2015). In summary, 0.1 g of crude 
MWCNTs is dispersed on 50 mL of nitric acid and placed 
on a magnetic stirrer at 800 rpm for 2 h. Then, the con-
tainer of acid nitric and MWCNTs is placed in the ultrasonic 
bath for 2 h. Finally, the suspension is subjected to filtra-
tion, rinsed several times with distilled water and dried at 
90 °C for 12 h. The characterization of the dried MWCNTs 
using FTIR reveals that the surface of MWCNT is function-
alized with functional groups includes oxygen such as OH 
and COOH. The results are presented in our previous work 
(Abbasi 2021a). The perform of the second step process, 
0.08 g, of functionalized MWCNTs in the first step is per-
vaded in 100 mL of distilled water and placed in an ultra-
sonic bath for 30 min so that the functionalized MWCNTs 
are evenly dispersed in the distilled water. Then, in order to 
bind a certain amount of TiO2 nanoparticles on the surface 
of functionalized MWCNTs, a certain amount of TiCl4 (0.4 
and 0.8 mL values are selected in this study) is added to the 
mixture containing distilled water and functionalized MWC-
NTs and placed on a stirrer under laboratory conditions for 
5 h. Afterward, the temperature of the reaction mixture is 
increment until 60 °C and mixed at the same temperature 
for 12 h. Finally, the reaction mixture is filtered, washed 
and heated in an oven at 350 °C for 3 h. The synthesized 
photocatalysts containing 0.4 and 0.8 mL TiCl4 are named 
as MCT#1 and MCT#2, respectively.

Evaluation of contaminant removal efficiency using 
MCT#1 and MCT#2

A reactor equipped with a UV lamp (150W) is used to 
evaluate the photocatalytic activity of prepared MCT#1 and 
MCT#2. To ensure uniform irradiation of the solution con-
taining MO, try to place the UV lamp exactly in the center 
of the reactor. Due to the gradual increase in temperature 
of suspensions that is related to the presence of UV lamp, 
the reactor is equipped with a water circulation to keep the 
temperature constant during the reaction. The influence 
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of two effective factors (pH and irradiation time) on MO 
destruction is studied. The range of pH changes is 3–11, and 
the range of time changes is up to 35 min. for experiment, 
80 mL of aqueous solution with a concentration of 10 ppm 
of MO is prepared. In all of experiment, the concentration 
of MCT#1 and MCT#2 is kept constant at 0.2%wt and the 
pH of suspensions is adjusted to 3, 7 and 11 using a solution 
of hydrochloric acid and sodium hydroxide. Each container 
involving the synthesized photocatalysts and MO that is set 
at a specific pH is mixed in a dim box for 1 h to adsorp-
tion–desorption equilibrium. After equilibration, the suspen-
sion is irradiated and every 5 min, and 3 mL of suspension 
is drained and passed through filter paper several times to 
remove the applied samples. Then, the output of filter is ana-
lyzed using a spectrophotometer (Perkin Elmer Company) at 
464 nm to measure the absorbance. The amount of adsorp-
tion measured at each time interval is considered as At. In 
general, the amount of adsorption measured depends directly 
on the contaminant concentration in the suspensions. There-
fore, with increasing the concentration on pollutants, the 
amount of absorption also increases. Finally, the amount of 
destruction rate of the MO using synthesized MCT#1 and 
MCT#2 is calculated using the Eq. 1 (Abbasi s et al. 2019; 
Abbasi et al. 2017b):

Analysis of variance (ANOVA)

The effect of studied parameters (pH and irradiation time) 
and their interactions on the destruction rate of MO using 
synthesized MCT#1 and MCT#2 is investigated using 
analysis of variance (ANOVA). The ANOVA Tables are 
prepared using design of experiments (DOE) software ver-
sion 6.0.2. The applied level of probability in this study is 
considered 5% (α = 0.05). To increase the precision of the 
results, whole tests are repeated three times and their mean 
is expressed as the result. Duncan’s multiple range test using 
MSTAT-C software (Ver 1.42) is used to study the effect of 
different levels of changes in the main factors on destruction 
rate of pollutant.

Results and discussion

XRD analysis

XRD diffraction patterns of the prepared MCT#1 and 
MCT#2 are illustrated in Figs. 1 and 2, respectively. Insets 
in these two Figures confirm the attendance of the crystal 
structure of TiO2 nanoparticles. The results of the XRD 

(1)(destruction rate)
−1 =

C
t

C
0

patterns confirm that the synthesized TiO2 nanoparticles 
have both tetragonal anatase structure and tetragonal rutile 
structure. The detectable peaks at 25.43°, 37.80°, 48.20° and 
62.81° are appointed to (101), (004), (200) and (204) reflec-
tion of anatase phase of TiO2 nanoparticles, respectively. 
Meanwhile, the observed peaks at around 27.47°, 36.20°, 
41.44°, 54.37°, 62.8° and 68.86° are assigned to the (110), 
(101), (111), (211), (002) and (204) reflection of rutile phase 
of TiO2 nanoparticles, respectively. However, in the both 
of MCT#1 and MCT#2, the fraction of the anatase phase 
is more than of rutile phase. The presence of sharp diffrac-
tion peaks in the XRD patterns of the synthesized MCT#1 
and MCT#2 specifies that both formed crystal phases have 
acceptable crystallinity (Tharsika et al. 2014). The compari-
son between XRD patterns of MCT#1 and MCT#2 (Fig. 3) 
shows that the intension of principal peaks of anatase and 
rutile structures in MCT#1 is weaker than that of MCT#2. 
Therefore, it confirms that the level of decorated TiO2 nano-
particles in the both phases in MCT#2 is higher than that 
of MCT#1. It is ascribed to volume of TiCl4 that is applied 
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Fig. 1   XRD pattern of the synthesized MCT#1

0

20

40

60

80

100

10 20 30 40 50 60 70 80

In
te

ns
ity

2-Theta (degree)

MCT#2*

* *

*

++

++

++

++

++

++

*

* Anatase
++ Rutile

Fig. 2   XRD pattern of the synthesized MCT#2



	 Applied Water Science (2023) 13:100

1 3

100  Page 4 of 9

during the preparation of TiO2 nanoparticles. According 
to XRD patterns of MCT#1 and MCT#2, it is obvious that 
characteristic peak of graphite that is corresponded to the 
(002) reflection of MWCNTs is not observable. It may be 
attributed to the overlap of the (002) reflection of MWCNTs 
and (101) reflection of anatase phase of TiO2 nanoparticles. 
The other reason may be due to the comprisable amount of 
anatase and MWCNTs.

Photocatalytic activity study

Changes in MO destruction with irradiation time and pH 
in suspensions containing MCT#1 and MCT#2 can be 
observed in Figs. 4 and 5, respectively. Based on results, it 
is observed that with increasing exposure time of the suspen-
sions containing methyl orange and the used photocatalysts, 
the methyl orange concentration is reduced compared to the 
initial concentration. However, the lowest concentration of 
methyl orange occurs after 35 min of irradiation. Therefore, 
the effect of increasing irradiation time on methyl orange 
degradation and decrease in pollutant concentration can 

be deduced. By exposing the photocatalyst to UV ray, the 
valence layer electrons can be stimulated and move to the 
conduction layer. Electron transfer from the valence layer to 
the conduction layer causes a hole in the valence layer and 
an electron in the conduction layer (Abbasi 2021a; Abbasi 
and Hasanpour 2017b). An increase in electron excitation 
causes an increase in the rate of electron transfer as well as 
the number of produced electrons and holes pairs. Because 
the created electrons and holes have a significant role in the 
decomposition of dye contaminants, increasing the irradia-
tion time increments the degradation of the organic pollut-
ants and decreases the concentration. In fact, the produced 
electrons can react with oxygen to form oxygen radicals. 
Then, these radicals can convert to the hydrogen perox-
ide (H2O2). Subsequently, the reaction between H2O2 and 
electron causes to the formation of hydroxyl radicals (OH·) 
(Abbasi et al. 2021). Finally, the formed radicals can suc-
cessfully destruct the organic contaminant such as MO. The 
presence of MWCNTs improves the separation of produced 
electron–hole pairs, and this increases the photocatalytic 
activity for degradation of MO (Abbasi and Hasanpour 
2017a; Wang Yao and Li 2009). Examination of the changes 
of methyl orange concentration with pH indicates that with 
the change of pH, the MO concentration also changes sub-
stantially, while the highest and lowest destruction rate of 
MO (in the same conditions in terms of radiation time) are 
occurred in the acidic (pH = 3) and neutral (pH = 7) medi-
ums, respectively. Therefore, the final concentration of MO 
in acidic condition is lower than that of neutral suspension. 
This is because of the influence of the presence of hydro-
gen ions (H·) in the acidic medium on the decomposition 
of methyl orange. The hydrogen ions that are presented in 
the acidic medium are capable of absorbing electrons and 
producing the hydrogen radicals. Then, the hydrogen radi-
cals can successfully produce the hydroxyl radicals that play 
a significant role in destruction of pollutant (Abbasi et al. 
2017a; Abbasi and Hasanpour 2017b; Kim et al. 2015).
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Therefore, it can be confirmed that the decomposition 
of MO can be enhanced by increasing the hydrogen ions 
and decreasing the pH of suspension. The lower degradation 
rate of methyl orange in neutral conditions is related to the 
effect of surface charges on the photocatalyst surface. The 
enhancement of surface charge causes the augmentation of 
photocatalyst dispersion in suspension. Therefore, the prob-
ability of the photocatalyst being exposed to UV radiation 
is significantly increased. Thus, the amount of produced 
electron–hole pairs can be enhanced. Therefore, because the 
surface charge on the photocatalysts in the neutral medium is 
much lower, the degradation rate of methyl orange in neutral 
conditions is lower than that of acidic and alkaline condi-
tions. A schematic of the photocatalytic process is shown 
in the Fig. 6.

Figure 7 illustrates the comparison between MO concen-
tration changes over time by MCT#1 and MCT#2 at dis-
tinct pH. The results show that at all of studied pH (pH = 3, 
pH = 7 and pH = 11), the synthesized MCT#2 has higher 
destruction rate rather than MCT#1. It can be related to 
the effect of TiO2 nanoparticles content that is presented 
in synthesized photocatalysts. Since the amount of TiO2 

nanoparticles in synthesized MCT#2 is higher compared to 
MCT#1, the amount of generated oxidizing radicals in syn-
thesized MCT#2 is also higher than that of MCT#1. There-
fore, it can be deducted that the amount of TiO2 nanoparti-
cles attached to MWCNTs surface is an important factor in 
the destruction rate of MO.

ANOVA study

The results of statistical analysis according to ANOVA 
for decomposition of MO using synthesized MCT#1 and 
MCT#2 are listed in Tables 1 and 2, respectively. Accord-
ing to the applied levels of investigated parameters, the 
degree of freedom (Df) of time and acidity is determined 
as 6 and 2. In fact, the degree of freedom of each factor 
that is checked is one less than the number of levels of the 
same factor. The F-values show the importance and impact 
of each factor on the MO removal efficiency. Therefore, the 
factors with higher F-values have a greater effect on the 
pollutant removal (Ekrami-Kakhki et al. 2018; Namvar-
Mahboub and Pakizeh 2014). According to the values pre-
sented in the Table1, it can be seen that the F-values for 

Fig. 6   A schematic of the pho-
tocatalytic process of MCT#1 
and MCT#2
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the irradiation time, pH and their interactions are equal to 
12,331.88, 2924.52 and 16.23, respectively. Thus, it may be 
concluded that the irradiation time has a greater influence 

on degradation of MO than acidity as well as their interac-
tion. By studying the results presented in Table 2, it can be 
seen that similar results are obtained for pollutant removal 
using the MCT#2.So that the use of the MCT#2as a photo-
catalyst causes the F-value for the irradiation time, pH and 
their interactions to become 8858.28, 1822.33 and 18.57, 
respectively. p value is another statistical parameter that can 
be used to determine the effectiveness of the investigated 
factors as well as their mutual interaction on the removal 
efficiency of MO. Single parameters as well as their inter-
actions that have an p value lower than the confidence level 
used in the statistical analysis (0.05) are known as param-
eters that have a significant effect on the response (Abbasi 
2021a). Therefore, the examination of the p values presented 
in Tables 1 and 2 indicates that the individual parameters (A 
and B) as well as their interaction (A − B) have the p value 
of less than 0.05. Therefore, it can be confidently stated that 
all of investigated parameters have a significant influence 
on destruction of MO using both of MCT#1 and MCT#2. 
The statistical parameter of lack of fit indicates the presence 
or absence of non-significant parameters in the presented 
model. This can be recognized using its degree of freedom. 
Visible values for lack of fit in Tables 1 and 2 show that 
the degree of freedom is equal to zero. Thus, it is safely 
concluded that both presented models include only effec-
tive parameters. Therefore, the values predicted by these 
two models have a very good agreement with the obtained 
experimental values.

The validity and adequacy of the presented models 
using MCT#1 and MCT#2 can be evaluated by the statis-
tical parameters listed in Table 3. The most widely used 
statistical parameter that is used to check the adequacy of 
the model is the correlation coefficient (R2). The closer the 
correlation coefficient is to one, it indicates that the pre-
sented model has the ability to predict more realistic values. 
The R2 values of MCT#1 and MCT#2 models are equal to 
99.96 and 99.93, respectively. Therefore, it derived that the 
variations of MO destruction rate with irradiation time and 
pH can be predicted with an accuracy of 99.90% with both 
models. Another statistical parameter presented in Table 3 
is Adjusted R2 (R2

adj). The comparison between the R2 and 
R2

adj parameters is a suitable criterion to determine the 
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Fig. 7    Comparison between MO concentration changes over time 
using MCT#1 and MCT#2, at distinct pH, a: pH = 3, b: pH = 7, c: 
pH = 11

Table 1   Analysis of variance 
for MO destruction rate by 
MCT#1

Source Sum of square Df Mean squares F-Value p value

Model 3.21 20 0.16 4001.75  < 0.0001 significant
A (Time) 2.97 6 0.49 12,331.88  < 0.0001 significant
B (pH) 0.23 2 0.12 2924.52  < 0.0001 significant
AB 7.81E−03 12 6.50E−04 16.23  < 0.0001 significant
Lack of fit 0 0 – – – not significant
Pure error 1.68E−03 42 4.01E−05 – – –
Total 3.21 62 – – – –
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suitability of the presented models. So that in the models 
that have the highest level of adequacy, the amount of R2 and 
R2

adj does not have a significant difference and the difference 
of these two statistical parameters can be ignored (Abbasi 
et al. 2020). The R2

adj values related to MCT#1 and MCT#2 
models are 99.91 and 99.89, respectively. Therefore, as can 
be seen, the difference between R2 and R2

adj in MCT#1 and 
MCT#2 models is 0.05 and 0.04, respectively. Therefore, 
considering that the difference between these two values is 
very small, the adequacy of the model can be confirmed 
and it is stated that the proposed models only contain main 
factors. Predicted R2 (R2

pred) is another statistical param-
eter that is used to measure the adequacy of the models. In 
high-quality models, the difference between R2

adj and R2
pred 

should not be more than 0.2. According to the results of 

Table 3, it is obvious that the discrepancy among these two 
factors in the both models is less than 0.2. Thus, the values 
of R2

pred are confirmed the adequacy of the models. The 
adequate precision value indicates the ratio of the actual 
value to the fluctuation. If this ratio is more than 4, it can be 
concluded that the amount of fluctuations is low compared 
to the real values (Abbasi and Hasanpour 2017b). Accord-
ing to the results, it can be seen that therefore, the adequate 
precision values for both of MCT#1 and MCT#2 models are 
higher than 4. Therefore, these parameters also affirm the 
suitability of the models.

Duncan’s multiple range test study

The statistical results of MO degradation rate accord-
ing to Duncan’s multiple range test are demonstrated in 
Figs. 8 and 9. The effect of seven levels of irradiation time 
on destruction rate of MO by MCT#1 and MCT#2 is pre-
sented in Fig. 8. It is obvious that the contaminant concen-
tration decreases dramatically with increasing the irradia-
tion time. This is due to the influence of irradiation time 
on the quantity of oxidizing radicals. In fact, as the irradia-
tion time increases, the number of excited electrons that are 
transferred from the valence band to the conduction band 

Table 2   Analysis of variance 
for MO destruction rate by 
MCT#2

Source Sum of Square Df Mean Squares F-Value p value

Model 2.57 20 0.13 2850.86  < 0.0001 significant
A (Time) 2.40 6 0.40 8858.28  < 0.0001 significant
B (pH) 0.16 2 0.082 1822.33  < 0.0001 significant
AB 0.01 12 8.38E−04 18.57  < 0.0001 significant
Lack of fit 0 0 – – – not significant
Pure error 1.89E−03 42 4.51E−05 – – –
Total 2.58 62 – – – –

Table 3   Effective factors in the adequacy of the proposed models

The proposed 
model using 
photocatalyst

R2% Adjusted 
R2 (R2

adj) 
%

Predicted 
R2 (R2

pred) 
%

Adequate 
precision

MCT#1 0.9996 0.9991 0.9985 204.605
MCT#2 0.9993 0.9989 0.9983 183.031

Fig. 8   Investigation of destruc-
tion rate changes of MO with 
irradiation time (at constant 
pH) using MCT#1 and MCT#2 
based on Duncan’s multiple 
range test at α = 0.05
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increases (Abbasi 2021a, 2021b). It can also be seen that 
the decrease in pollutant concentration in the presence of 
MCT#1 is less compared to MCT#2. It can be attributed 
to the amount of semiconductor nanoparticles (TiO2) in 
MCT#1 and MCT#2. The presented results in Fig. 8 reveal 
that all seven levels of irradiation time have a significant 
influence (α = 0.05) on the MO concentration.

The changes of MO concentration with pH of suspension 
containing MCT#1 and MCT#2 are shown in Fig. 9. It is 
clear that based on Duncan’s multiple range test (α = 0.05), 
three studied levels of pH (3, 7 and 11) have a significant 
effect on the concentration of MO. Meanwhile, it can be 
observed that the MO concentration in the suspension con-
taining MCT#1 is higher than that of MCT#2. The high level 
of contaminant in the suspension containing MCT#1 is due 
to the low amount of photocatalytic TiO2 nanoparticles in 
the synthesized photocatalyst. Reducing the amount TiO2 
nanoparticles cause the number of electron–hole pairs, so 
the number of radicals that is affected in the decomposition 
of the pollutant is also reduced (Abbasi 2019; Abbasi et al. 
2020). The results of Fig. 9 corroborate that the most and 
the least destruction rate of MO using both of MCT#1 and 
MCT#2 are at pH = 3 and pH = 7, respectively. The results 
confirm the effect of pH on the concentration of pollutants 
base on previous reports (Abbasi and Hasanpour 2017a).

Conclusions

In the present research, the effect of photocatalysts including 
MWCNTs and TiO2 nanoparticles on the reduction in MO 
concentration is investigated. According to the results, it is 
found that both synthesized photocatalysts have a reasonable 
influence on destruction of MO from aquatic system. MO 
concentration enhances with augmentation of irradiation 

time in the presence of both MCT#1 and MCT#2. The sig-
nificant effect of the all studied levels of main factors such as 
pH and irradiation time is confirmed using statistical analy-
sis of results based on Duncan’s multiple range test.
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