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In this study, TiO, nanoparticles—multi-walled carbon nanotubes (TNPs—-MWCNTs) composite photocat-
alyst was prepared via a simple soft-template hydrothermal method and optimized based on the center
composite design (CCD). Four synthesis parameters, including amount of Pluronic P123, MWCNTs, and
tetrabutyl titanate (TBT) as well as hydrothermal temperature, were selected to investigate their effects
on the photocatalytic activity of the resultant composites toward acyclovir in water. Results showed that
the most important parameter to prepare TNPs-MWCNTs composite with high photocatalytic activity
is hydrothermal temperature, followed by the amount of MWCNTSs, while the amount of TBT and P123
played relatively less important roles in this work. Based on the theoretical and experimental results,
the highest photocatalytic degradation efficiency of acyclovir was up to 98.6% using the TNPs—-MWCNTSs
composite photocatalyst synthesized under the optimum parameters, 240 °C of hydrothermal temper-
ature, 0.06 g of MWCNTSs, 1.10 g of TBT, and 0.10g of P123. All these results demonstrate that the CCD
method can be efficiently applied in the optimization synthesis of composite photocatalysts with high

performance for environmental remediation.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

Since the first detection in the environment decades ago,
the occurrence and fate of pharmaceuticals in aquatic environ-
ments have gained significant attention due to their adverse
health effects, such as aquatic toxicity, genotoxicity and endocrine
disruption [1-3]. As a class of pharmaceuticals, antiviral pharma-
ceuticals used for the treatment of influenza, herpes or hepatitis
for humans and animals have recently been widely detected in
the environment [4,5]. Some of them can be easily degraded,
but others persist for a long time and accumulate in var-
ious organs of humans and animals, which are harmful to
ecological species and humans [6]. Therefore, various technolo-
gies have been applied to remove antiviral pharmaceuticals
from environment, such as adsorption, incineration, biological
degradation, etc. [7], while heterogeneous photocatalysis has
been proven to be a promising and efficient technology for
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this purpose [8]. During the photocatalytic process, the most
important parameter is the photocatalyst, among which TiO,
has been frequently used for the degradation of pharmaceuticals
[9-13]. However, the concentration of antiviral pharmaceuticals
in water environments are generally extremely low [14], thus the
small surface area of TiO, results in its low adsorption capability
and then low photocatalytic efficiency to them [15,16]. More-
over, small particle size of most TiO, arises the problem in the
catalyst-recovering stage and hinders its effectively commercial
applications [17,18]. Therefore, it is urgent to develop TiO,-based
catalysts possessing high active surface area, together with bet-
ter recovery properties to enhance the photocatalytic degradation
efficiency of antiviral pharmaceuticals.

Currently, TiO, supported on multi-walled carbon nanotubes
(MWCNTs) have attracted much attention, since the combination of
MW(CNTs with TiO, is found to greatly improve the photocatalytic
activity of TiO, [19-26]. In these composites, MWCNTSs can not only
actas an electronreservoir to suppress the recombination of photo-
generated electron-hole pairs, but also act as a excellent adsorbent
for organic pollutants owing to their hollow and layered structures
with large specific surface area, which can subsequently enhance
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the photocatalytic activity of TiO,. Unfortunately, all these reported
works invariably applied the approach of single-variable-at-a-time
(SVAT) to synthesize the TiO,~-MWCNTSs composites, although pre-
vious publication has proved that SVAT approach possesses lots
of drawbacks, such as time-consuming and the absence of inter-
actions between different variables as well as the inefficiency to
predict the true optimum [8]. To overcome these shortcomings of
SVAT method, central composite design (CCD) method was used
as an alternative method to design and optimize the synthesis of
photocatalyst [27]. It is because the interactions of possible influ-
encing factors on the desired responses can be evaluated with CCD
method just by using minimum number of designed experiments,
and then an optimal reaction condition can be much more easily
accomplished. Further, for the synthesis of TiO,-MWCNTs com-
posite, the hydrothermal methods with different parameters have
been reported [28-30]. Among all these parameters, hydrothermal
temperature and amount of MWCNTs are found to be two very sig-
nificant parameters during the synthesis process, which play more
important roles than other selected parameters to influence the
photocatalytic activity of the resultant TiO,-MWCNTSs composites
in our previous work [31].

Therefore, to further verify the important roles of these two
parameters in the hydrothermal synthesis of TiO,~-MWCNTs com-
posite, in this study, hydrothermal temperature and amount of
MWCNTs with other two key parameters (amount of Pluronic P123
and tetrabutyl titanate (TBT)) were selected to design and optimize
the synthesis of TiO, nanoparticles—-MWCNTs (TNPs—-MWCNTSs)
composite photocatalysts with CCD method. Acyclovir, a typi-
cal antivirus pharmaceutical, was chosen as a model pollutant
to evaluate the photocatalytic activity of the resultant compos-
ite photocatalysts. It should be noted that this is the first time
to investigate the photocatalytic degradation of antivirus pharma-
ceuticals on TiO,-MWCNTSs composite photocatalyst. Furthermore,
the desired response values (the degradation efficiency of acy-
clovir) predicted using CCD was compared with the experimental
photocatalytic degradation efficiencies of acyclovir. In addition, the
relationship between the photocatalytic activity of the prepared
TNPs-MWCNTs composite photocatalysts for the degradation of
acyclovir and the synthesis parameters was also attempted based
on the experimental results.

2. Experimental
2.1. Design, synthesis and characterization of photocatalysts

The chemometric approach, CCD, was applied to design the
photocatalyst, and the analysis of the experimental data was
supported by the Design-Expert software (trail version 8, Stat-
Ease, Inc., MN, USA). Four independent variables (amount of P123,
amount of MWCNTSs, amount of TBT and hydrothermal tempera-
ture) were selected to investigate their effects on the synthesis of
TNPs-MWCNTs composite photocatalysts, and the photocatalytic
degradation efficiency of acyclovir in water was selected as the
response. The four chosen variables were converted to dimension-
less ones (A, B, C, D), with the coded values at levels: —2,—-1,0,+1,+2
and the determined values of the variables are presented in Table
S1.1t can be seen that the five levels for controlling factors are in the
range of 0.10-2.50¢g, 0.01-0.09¢g, 0.10-1.10g, and 100-240°C for
the factors A, B, C and D, respectively. The complete experimental
design matrix and the responses are also shown in Table 1.

For synthesis of TNPs-MWCNTs composite photocatalysts,
MWCNTs (Shenzhen Nanotech Port Co., Ltd., China) was firstly puri-
fied according to the procedure in our previous work [31]. Then,
designed amounts of P123, purified MWCNTs and TBT were mixed
with 20% (V/V) acetic acid solution and stirring for 60 min. The mix-
tures were transformed into Teflon-line autoclave with a volume

Table 1
Experimental design matrix and the value of responses based on experiment run.

Run Independent variables Degradation efficiency (%)
A B C D Experimental Predicted
1 1.30 0.09 0.60 170 31.7 50.0
2 1.30 0.05 0.60 170 59.6 60.6
3 1.90 0.03 0.35 205 94.1 89.7
4 0.10 0.05 0.60 170 47.1 60.4
5 0.70 0.07 0.35 205 59.1 58.6
6 0.70 0.03 0.35 205 88.8 83.3
7 1.90 0.03 0.35 135 65.3 68.9
8 1.30 0.05 0.10 170 36.3 50.9
9 0.70 0.07 0.35 135 36.4 18.8
10 1.30 0.05 1.10 170 65.0 64.6
11 1.90 0.07 0.35 135 49.2 36.0
12 1.30 0.05 0.60 170 64.1 60.6
13 0.70 0.07 0.85 205 83.0 76.4
14 1.30 0.05 0.60 170 58.7 60.6
15 1.30 0.05 0.60 100 23.4 40.2
16 1.30 0.01 0.60 170 87.9 83.9
17 0.70 0.03 0.35 135 58.9 54.7
18 0.70 0.03 0.85 205 75.6 77.4
19 2.50 0.05 0.60 170 69.0 70.0
20 1.30 0.05 0.60 170 60.1 60.6
21 1.90 0.03 0.85 135 75.6 64.7
22 1.30 0.05 0.60 240 87.5 85.0
23 1.90 0.07 0.85 135 52.9 55.5
24 1.90 0.03 0.85 205 55.1 69.8
25 0.70 0.07 0.85 135 59.2 52.3
26 0.70 0.03 0.85 135 65.7 64.5
27 1.90 0.07 0.35 205 69.6 67.9
28 1.90 0.07 0.85 205 78.9 71.8

of 100 mL and kept at selected hydrothermal temperature for 72 h.
After reaction, the products were obtained by centrifuge, washed
with distilled water, dried at 80 °C and finally calcined under 400 °C
for 1 h. The composite photocatalysts were then characterized by
X-ray diffractometer (XRD, Rigaku Dmax X-ray diffractometer),
UV-visible spectrophotometer (UV-vis, UV-2501PC) and Scanning
electron microscopy (SEM, Quanta 400F).

2.2. Photocatalytic activity evaluation

The photocatalytic activities of the prepared TNPs-MWCNTs
composite photocatalysts were tested by the degradation of acy-
clovir in water. The photocatalytic reactor consists of a 160 mL
Pyrex glass bottle with a jacket outside and a 125 W high pressure
Hg lamp in parallel to the Pyrex glass bottle. In a typical reac-
tion process, 20 mg of the prepared composite photocatalyst was
mixed with 50 mL acyclovir solution with the initial concentration
of 10 mgL~1. Before switching on the lamp with a maximum emit-
ting radiation of 365 nm (GGZ125, Shanghai Yaming Lighting Co.,
Ltd., the UV intensity was controlled at 1.17 mW cm~2, which was
measured by an UV RADIOMETER from Photoelectric Instrument
Factory of Beijing Normal University located in the middle of the
reactor which was parallel to the lamp), 30 min dark adsorption was
allowed in a quartz tube reactor with a jacket outside to ensure
the establishment of adsorption-desorption equilibrium. Stirring
was kept during the photocatalytic process without air-purging.
The concentrations of acyclovir after 210 min degradation were
determined by Ultra Performance Liquid Chromatography (UPLC)
with an Acquity UPLC HSS T3 (1.8 wm, 100 mm x 2.1 mm) column
at wavelength 252 nm. The mobile phase was a mixture of KH,PO4
solution and acetonitrile (V:V=9:1) at the flow rate of 0.3 mL min~!.

The photocatalytic degradation efficiency was calculated
according to the Eq. (1).

£ 100% (1)

Degradation efficiency (%) = C
0



190 J. Chen et al. / Applied Catalysis A: General 485 (2014) 188-195

where C presented the content of residual pollutant and Cy was its
original content.

3. Results and discussion
3.1. Establishment and analysis of model

According to the Design-Expert software, a semi-empirical
expression which is consisted of 15 statistically significant
coefficients is obtained and expressed as follows:

Y = 60.63 + 2.40A — 8.48B + 3.42C + 11.22D + 0.74AB — 3.51AC
—1.96AD + 5.93BC + 2.80BD — 3.92CD + 1.14A% + 1.58B>
—0.71C? + 0.49D? (2)

where Y is the response variable of degradation efficiency of acy-
clovir. The A, B, C and D represent four experimental factors,
respectively.

Eq. (2) can be used to predict the photocatalytic degradation
efficiency of prepared TNPs-MWCNTs composites toward acy-
clovir, and the correspondingly experimental and predicted data
are shown in Table 1. Clearly, the predicted values from the model
are very close to the experimental ones, which can be further
evidenced by plotting the predicted photocatalytic values against
the experimental values as shown in Fig. S1, where the line of
the best fit with the slope of 0.7545 and R% = 0.7545 are obtained.
Moreover, as variance can be used to evaluate the significance and
the adequacy of the model [32,33], the analysis of variance of the
quadratic model is displayed in Table S2. If the model is adequacy,
F-value should be greater than the tabulated value of F-distribution
for a certain number of degrees of freedom in the model at a level of
significance [34]. Obviously from the table, the F-value for regres-
sion of the degradation model is 2.85, which is greater than the
value of F(14 13) (2.55) at 95% significance, indicating the adequacy
of the model. Moreover, the P value (significant probability val-
ues, 0.0335) is smaller than 0.05, suggesting the significance of
the model. Besides correlation coefficient and variance, the resid-
uals are also applied to evaluate the adequacy of the model, and
Fig. S2 displays the internally studentized residual plot. It can be
seen that all residuals are well distributed along the straight line
(Fig. S2a), indicating that there is no severe non-normality and the
residuals are distributed between —3 and +3 without any system-
atic structure and obvious pattern no matter how the predicted
value varies, indicating that the residuals appear to be a random
scatter (Fig. S2b). From these results, it can be concluded that the
model obtained is adequate to describe the relationship between
the degradation efficiency and the synthesis parameters to prepare
TNPs-MWCNTs composites.

To find out the importance of the each factorin Eq. (2), the Pareto
analysis is used to calculate the percentage of each variable on the
response according to the Eq. (3) [35]:

a?
P = (Z'“Z) %100 (i +0) (3)

where P; represents the percentage effect of each variable and g;
represents statistically significant coefficients in Eq. (2), respec-
tively.

Fig. 1 shows the corresponding results of the Pareto graphic
analysis. Clearly, the most important parameter to prepare
TNPs-MWCNTs composite photocatalysts with high degradation
efficiency is hydrothermal temperature (D, 42.7%), followed by the
amount of MWCNTSs (B, 24.4%), while the amount of TBT (C, 4.0%)
and P123 (A, 2.0%) play less important roles in this work. More-
over, the degradation efficiency is also affected by the interrelated
variables such as two factor interactions (BC, 11.9%). Interestingly,
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Fig. 1. Pareto graphic analysis for the degradation efficiency of acyclovir using
TNPs-MWCNTs composite as photocatalysts.

this result is very consistent with that reported in our previous
work that hydrothermal temperature and amount of MWCNTSs are
more important parameters for the hydrothermal preparation of
TiO,—-MWCNTs composite photocatalysts with high degradation
efficiency to gaseous styrene, although other two parameters are
varied and more complicated synthesis procedure is used here
[31]. All these results suggest that hydrothermal temperature and
amount of MWCNTs should be considered preferential in the case
of hydrothermal synthesis of MWCNTSs based composite photocat-
alyst.

3.2. Analysis of contour and response surface plots

The two-dimensional contour and three-dimensional response
surface plots are constructed by using the statistical software to
illustrate the interaction effects of selected factors on the degra-
dation efficiency and finally find out the optimal parameters to
synthesize TNPs-MWCNTs composite photocatalyst with the high-
est degradation efficiency of acyclovir, as shown in Fig. 2. Moreover,
to establish the relationship between the synthesis parameters and
the degradation efficiency, the XRD patterns, UV-vis absorption
spectra and SEM images of some typically prepared TNPs-MWCNTs
composite photocatalysts are also displayed in Figs. 3-8.

Since the Pareto graphic analysis results reveal that hydro-
thermal temperature is the most important parameter for the
preparation of TNPs-MWCNTSs composite photocatalysts with high
degradation efficiency, the interaction effects of three combina-
tions for the synthesis parameters (hydrothermal temperature
with amount of P123, hydrothermal temperature with amount of
MWCNTs, and hydrothermal temperature with amount of TBT)
on the degradation efficiency of resultant composite photocata-
lysts are correspondingly investigated. Fig. 2a shows the effect of
hydrothermal temperature and amount of P123 on the degrada-
tion efficiency of acyclovir (0.05g MWCNTSs; 0.60 g TBT). Clearly,
when the hydrothermal temperature is fixed at 170°C with the
amount of P123 increasing from 0.10 to 2.50g, the degradation
efficiencies continuously increases from 47.1% to 69.0%, indicat-
ing that the higher amount of P123 added in the reaction is, the
higher photocatalytic activity of the resultant composite is. Reason-
able explanation can be ascribed from the characteristic results. As
showninFigs.3a,4aand 5, all samples show similar and typical XRD
patterns of anatase TiO, (Fig. 3a), where characteristic diffraction
peaks of the XRD patterns for all samples at 26 =25.3°, 37.8°, 48.0°,
54.0°, 55.3°, 62.4°, and 68.7° are attributed to the {101}, {004},
{200}, {105}, {211}, {204}, and {112} planes of anatase TiO,.
However, their morphological and optical properties are different.
With the increase of the amount of P123 from 0.10 to 2.50g, the
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Fig. 2. The contour and response surface plots of degradation efficiency of acyclovir by TNPs-MWCNTs composite photocatalysts as the function of hydrothermal temperature

with amount of P123 (a), MWCNTs (b) and TBT (c).

UV absorption intensity of the resultant TNPs-MWCNTSs is contin-
uously and greatly enhanced (Fig. 4a), which can be contributed to
the smaller-sized and better-dispersed TiO, nanoparticles in the
composite (Fig. 5). The reason is that compared with agglomerated
TiO, particles in the bulk material of blank-TiO,, the large spe-
cific area of small-sized TiO, particles ensures efficient UV light
absorption and provides more photoreactive sites for degrada-
tion reaction [36]. In the case of hydrothermal temperature, the
degradation efficiency is found to greatly increase from 23.4% to
87.5% with the increase of the hydrothermal temperature from
100 to 240°C. The correspondingly structural, optical and mor-
phological properties of the resultant composite photocatalysts
are displayed in Figs. 3d, 4d and 6. Apparently, the characteristic
peaks of XRD patterns of the composites become much stronger
as the hydrothermal temperature increases (Fig. 3d), indicating

the enhancement of the crystallinity, which can reduce the elec-
tron and hole recombination and then lead to higher photocatalytic
activity [37]. This result can also be verified from the SEM images
(Fig. 6). That is, TiO, nanoparticles with more regular morphol-
ogy and uniform size in the resultant composite can be observed,
which are more closely contacted with MWCNTSs as the increase
of the hydrothermal temperature. The tighter connect between
TiO, nanoparticles and MWCNTSs can more efficiently accelerate
the transfer of the photo-electron from TiO, to MWCNTS, suppress
the recombination of photo-electron and photo-hole pairs, as well
as improve the photocatalytic activity. On the other hand, no signif-
icant change of UV absorption intensity is found with increasing the
hydrothermal temperature (Fig. 4d), implying negligible impact of
hydrothermal temperature to the UV absorption ability of the resul-
tant composites. Therefore, the highest degradation efficiency is
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Fig. 3. XRD patterns of composite photocatalysts prepared with different (a) amount of P123 (MWCNTs: 0.05 g; TBT: 0.60 g; hydrothermal temperature: 170°C); (b) amount
of MWCNTs (P123: 1.30g; TBT: 0.60g; hydrothermal temperature: 170°C); (c) amount of TBT (P123: 1.30g; MWCNTSs: 0.05g; hydrothermal temperature: 170°C); (d)

hydrothermal temperature (P123: 1.30g, MWCNTs: 0.05 g; TBT: 0.60 g).

obtained for the TNPs-MWCNTs composite prepared with a high-
est amount of P123 addition (2.50 g) and maximum hydrothermal
temperature (240°C).

It should be mentioned herewith that, compared with our pre-
vious results [31], completely different trends are observed for
the influence of hydrothermal temperature to the photocatalytic
activity of the resultant TiO,—-MWCNTs composites. That is, the
increase of the hydrothermal temperature leads to the increase of
the photocatalytic activity of resultant composite photocatalysts
in this study, but decrease of that was found in our previous work
[31]. The possible reason may be ascribed to the different structure

properties of the resultant TiO,—MWCNTs composite photocata-
lysts. In previous work, the TiO, particle size played the most
important role in the influence of the UV absorption intensity of
the resultant composite and then their photocatalytic activity. That
is, the average diameter of the TiO, particles in the composite
photocatalysts greatly increased from submicron to micro size with
the continuous increase of the hydrothermal temperature, lead-
ing to the continuous decrease of the UV absorption intensity and
then of the degradation efficiency. However, in this study, with
the increase of the hydrothermal temperature, TiO, nanoparticles
with similar size are formed in the resultant composites with no
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Fig.4. UV-vis absorption spectra of composite photocatalysts prepared with different (a) amount of P123 (MWCNTs: 0.05 g; TBT: 0.60 g; hydrothermal temperature: 170°C);
(b) amount of MWCNTSs (P123: 1.30 g; TBT: 0.60 g; hydrothermal temperature: 170°C) (c) amount of TBT (P123: 1.30 g; MWCNTSs: 0.05 g; hydrothermal temperature: 170°C);

(d) hydrothermal temperature (P123: 1.30 g, MWCNTSs: 0.05 g; TBT: 0.60 g).
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significant change of UV absorption intensity, while the enhance-
ment of the crystallinity of the resultant composites can be found.
Then, the increase of the degradation efficiency in this study is
dominantly due to the enhancement of the crystallinity. In one
word, higher hydrothermal temperature is preferred in this study
to obtain composites with higher crystallinity and then with higher
photocatalytic activity.

Furthermore, the effect of hydrothermal temperature and
amount of MWCNTSs on the degradation efficiency of acyclovir are
also investigated when the amounts of P123 and TBT are fixed
at 1.30 and 0.60 g, respectively (Fig. 2b). Obviously, the degrada-
tion efficiencies decrease dramatically from 87.9% to 31.7% with
increase of the amount of MWCNTSs from 0.01 to 0.09 g, indicating
the higher amount of MWCNTs added, the worse photocatalytic
activity of the resultant composite obtained. The corresponding
characteristic results are shown in Figs. 3b, 4b and 7. When 0.01¢g
MWCNTs is added into the preparation recipe, only peaks of anatase
TiO, can be observed form the resultant composite due to low
content of MWCNTSs unable to be detected by XRD (Fig. 3b). With
increasing the amount of MWCNTSs to 0.05 and 0.09g, a peak at
20=26.0° for MWCNTSs can be more and more clearly observed.
Moreover, fewer and fewer TiO, particles can be observed when
more and more MWCNTs are added (Fig. 7b and c), leading to
the continuously decrease of the absorption intensity in the UV
region (Fig. 4b), and thus resulting in the decrease of the degrada-
tion efficiency. As well known, the adsorption of pollutants onto
the photocatalyst surface is the first step of photocatalytic reac-
tion [15], and the addition of MWCNTs can enhance the adsorption
and enrichment capacity of the composite photocatalyst to organics
[19,38]. In this study, a small amount of MWCNTSs (0.01 g) is enough
to obtain the composite with high adsorption capacity to show
more positive synergetic effect (such as higher UV light absorp-
tion) to the photocatalytic activity than that with higher content of
MWCNTs.

To investigate the interaction effect of hydrothermal tem-
perature and amount of TBT on the photocatalytic degradation
efficiency of acyclovir, the degradation experiments are conducted
using TNPs-MWCNTs composite photocatalysts prepared with dif-
ferent amount of TBT and hydrothermal temperature varying from
0.10 to 1.10 g and 100 to 240 °C, respectively, at constant amounts
of P123 (1.30g) and MWCNTSs (0.05 g). As shown in Fig. 2¢, similar
to the results obtained above, the highest degradation efficiency is
achieved when the hydrothermal temperature is maintained at its
maximum (240 °C). In the case of amount of TBT, there is a contin-
uously increase in the degradation efficiency from 36.3% to 65.0%
with increasing the amount of TBT from 0.10 to 1.10¢g. From the
results of XRD patterns and SEM images of the TNPs—-MWCNTSs
composite photocatalysts, it is clear to see that the intensity of
diffraction peak at 20=26.0° for MWCNTSs is rapidly weakened
(Fig. 3¢), while more TiO, nanoparticles can be observed in the
composites with the increase of the added amount of TBT from
0.10 to 1.10g (Fig. 8a and c), leading to the obvious increase of
the absorption intensity in the UV region (Fig. 4c). This might be
attributed to the electron transfer of TiO, from the valence band
to conduction band [39]. All these confirm that the composite pho-
tocatalyst prepared with higher added amount of TBT possesses
higher photocatalytic activity in this work.

Overall, the final objective of the optimization is to simply
and effectively obtain the optimum synthesis parameters for the
preparation of TNPs—-MWCNTSs composite photocatalyst with high-
est photocatalytic degradation efficiency of acyclovir based on
the experimental results. Herein, by using a numerical optimiza-
tion method in the Design Expert software, the desired goals for
all the variables are chosen in the experimental range that the
amount of P123, MWCNTSs, and TBT as well as hydrothermal tem-
perature are in the range of 0.10-2.50g, 0.01-0.09¢g, 0.10-1.10g

and 100-240°C, respectively, while the degradation efficiency is
defined as “maximize” with the upper limit of 100% (the theoreti-
cal high). Then, the optimum values of the variables to synthesize
TNPs-MWCNTs composite photocatalyst with the highest degra-
dation efficiency of acyclovir (98.6%) are 240°C of hydrothermal
temperature, 0.06 g of MWCNTs, 1.10 g of TBT and 0.10 g of P123,
respectively, as shown in Fig. S3.

4. Conclusions

In this study, the CCD method was applied to optimize the
synthesis of TNPs-MWCNTs composite photocatalyst with the
highest photocatalytic degradation efficiency of acyclovir in water.
Among the synthesis parameters in the experimental design, the
hydrothermal temperature was expected playing the most impor-
tant role in the photocatalytic degradation activity of acyclovir.
Higher hydrothermal temperature was beneficial for synthesizing
the TNPs-MWCNTSs composite with higher degradation efficiency.
Meanwhile, other three synthesis parameters, such as amounts of
MWCNTs, TBT and P123 also showed the influence on the degra-
dation performance of the composite photocatalysts. The worse
photocatalytic degradation efficiency of acyclovir was obtained
when the composite photocatalysts were prepared under these
parameters with lowest or highest values. Finally, the optimal val-
ues of synthesis parameters were obtained as 240°C, 0.06g, 1.10g
and 0.10g for hydrothermal temperature, amount of MWCNTs,
amount of TBT and amount of P123, respectively, based on the
experimental data.
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