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Graphical Abstract 

 
1. Introduction 
One dimensional nanostructures such as nanorods, nanotubes and nanowires are of great importance due 
to their unique properties and anisotropic structures [1,2]. Shapes and structures controllable 
nanostructured materials have attracted significant attention in research as well as practical applications 
[3-5]. Although, a spacious variety of one-dimensional nanostructures materials have been successfully 
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synthesized, including carbons (e.g., nanofibers [6] and carbon nanotubes [7]) and metalloids (e.g., Ag 
[8] and Si [9]), much effort has focused on the important metal oxides such as ZnO, TiO2, VO2 and SnO2 

[10]. Since Iijima discovery of carbon nanotubes [7] this combined molecular geometry and desirable 
properties has inspired the field of nanotechnology and triggered tremendous efforts in materials science 
[11]. Despite the fact that still carbon is the most researched nanotube material, a substantial range of 
other materials that are mainly metal oxides have been prepared in such geometry which have also 
displays attractive new properties [11, 12]. 
TiO2 nanotube (TNTs) structures have attracted significant attention by many researchers [13-15] 
because, compared with several TiO2 nanostructure, TNTs have high specific surface area [15]. TNTs 
exhibit fascinating photo-electrochemical features as compared to titania nanoparticles. For instance, 
TNTs exhibit fewer interfacial grain boundaries which improved redox activity and promote better 
charge separation as comparing to nanoparticles [16]. These characteristic properties can be utilized to 
enhance the photocatalytic degradation efficiency [15]. Probably, the first effort to prepare TNTs was 
the work by Hoyer [17], who report the formation of a titanium dioxide nanotube array by 
electrochemical deposition method using ordered alumina as the template. Later, different synthesis 
techniques such as sol-gel, [18] electrochemical anodic oxidation process, [19], electrochemical 
deposition process [20], assisted template process [21], and hydro/solvothermal process [22-27] have 
been developed for the formation of TNTs. For these synthesis techniques, hydrothermal method was 
found to be simple (can be done in one step), low cost, ability to control the size distributions and shape 
of the materials [24]. 
TiO2 is n-type semiconductor having comparatively wide band gaps. The three main crystal phases, that 
is, anatase, rutile, and brookite have band gap of 3.2, 3.0, and 3.2 eV, respectively [6]. Even though 
titania can efficaciously use ultraviolet light, the wide band gaps of it limit its optical absorption in the 
solar spectrum (consists of ultraviolet (UV), visible and infrared) [26]. As such, a very much deal of 
effort has been devoted for enhancing absorption of visible light by titania. Numerous efforts by 
researchers have been made to shift the optical absorption of TiO2 toward visible region in order to make 
it active to irradiation of visible-light as photocatalyst [28]. TiO2 metal doping [29,30] or non-metal 
doping [31] is one of the most efficacious approaches for shifting the optical absorption of TiO2 toward 
visible light region. Several studies show that doping TiO2 with cadmium can enhance absorption toward 
visible region [32, 33]. 
In this work, cadmium doped TiO2 nanotube (Cd-TNT) was synthesized by hydrothermal method to 
obtain a visible light active photocatalyst. In addition, undoped TNT was synthesized for comparing the 
properties as well as the photocatalytic performance of the catalysts. The photocatalytic activities of the 
synthesized TNTs were evaluated in term photocatalytic degradation of methyl orange (MO) and 
methylene blue (MB) in water under irradiation of visible light. Effect of the amount of dopant on the 
catalytic performance of the synthesized TNTs was studied. The degradation efficiencies were optimized 
using response surface methodology, based on the central composite design (CCD). 

2. Material and Methods 
2.1. Material 
Powdered TiO2 nanoparticle ((P25, 80% anatase and 20% rutile) employed as precursor material and 
methylene blue (MB, 97%) were obtained from Sigma-Aldrich. Cadmium nitrate (Cd(NO3)2, 99%) was 
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obtained from MERCK. Methyl orange (MO, 85 %), Potassium hydroxide (KOH, 90%), and 
hydrochloric acid (HCl, 37%v/v) were purchased from R & M Chemicals.  
 

2.2.  Preparation of Cd-doped TiO2 nanotubes (Cd-TNTs) 
Td-TNTs were prepared via hydrothermal method in the present of KOH. In the typical procedure, 1.3 
g of the TiO2 nanoparticle and certain amount of Cd(NO3)2  were mixed in a beaker containing 20 mL 
deionized water, and the mixture was stirred for 30 min and sonication for 60 min. Then, 20 mL of KOH 
(10 M) was slowly added into the mixture under vigorous stirring followed by sonication for 45 min. 
Afterwards, the mixture was transferred into a 100 mL stainless-steel Teflon-lined autoclave reactor, 
then, sealed and placed in an oven at 175°C for 12 h. After the autoclave was naturally cooled to room 
temperature, the as-prepared precipitates were filtered and washed several times with 0.1 M HCl and 
deionized water to neutral pH level followed by oven-dried at 75 oC overnight. Finally, the dried 
precipitate was calcined at 500 oC for 4 h. The as-prepared Cd-TNT samples with 0.4, 0.8, 1.2, 1.6, 2, 
and 2.4% Cd molar ratio versus TiO2 during the preparation were named as Cd-TNT/0.4, Cd-TNT/0.8, 
Cd-TNT/1.2, Cd-TNT/1.6, Cd-TNT/2 and Cd-TNT/2.4 respectively. Utilizing similar method above, 
pure TiO2 nanotube (TNT) was also prepared without addition of Cd(NO3)2 for comparison.. 
 
2.3. Characterization 
The composition and morphologies of the materials were analyzed using a NOVA NANOSEM 230 high 
resolution field emission scanning electron microscope (FE-SEM) hyphenated with energy dispersive 
x-ray (EDX) spectrometer, and a JEM-2100F field emission transmission electron microscopy (TEM). 
The X-ray diffraction (XRD) patterns of the synthesized photocatalysts were derived from a Shimadzu 
XRD-6000 X-ray diffractometer operated with a Cu Kα radiation (λ = 0.15406 nm) in the 2θ range of 
20-80o. The analysis of band gap was performed against a BaSO4 reference, using a Shimadzu UV-3600 
UV-VIS-NIR spectrophotometer, within a scan range of 220-800 nm. 
 
 

2.4. Evaluation of photocatalytic activity 
The photocatalytic performance of the photocatalysts was evaluated by monitoring the percentage 
degradation of methyl orange (MO) and methylene blue (MB) over a period of 240 min. Experiments 
were carried out in a  glass round bottom photoreactor, fitted with R7 10 Watt LED lamp. Figure 1 shows 
the setup of the photocatalytic reactor. In the photocatalytic experiments, a solution containing the 
desired amount of MO or MB and catalyst was added to the photoreactor. Test samples were taken at 
periodic intervals of time, filtered using cellulose nitrate membrane (0.45 µm). The residual 
concentration of the solution was monitored by measuring the absorbance at 465.4 nm  and 664.1 nm 
for MO and MB respectively using Perkin Elmer Lambda 35 UV-Vis spectrometer. Percentage 
degradation of the initial concentration was calculated using Eq.(1). 
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where [C]o and [C]t is the initial concentration and the concentration at irradiation time t respectively. 
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Figure 1. Photocatalytic reactor setup: (1) stirrer, (2) magnetic bar, (3) mixture, (4) LED lamp, (5) inlet cooling system and 

(6) outlet cooling system. 
 
2.5 Design of experiment 
To optimize the photocatalytic degradation of MO and MB, two-variable, rotatable, centered central 
composite design (CCD) was employed. The independent parameters were TiO2 loading and initial 
concentration of MO and MB. In this study, a 22 central composite design was employed to fit the 
response. The CCD consists of three sets of points: center points, factorial points and axial points. The 
experimental ranges and the levels of the independent variables that were determined by the preliminary 
experiments are given in Table 1.  
 

Table 1. Actual values and coded levels of operating variables 
Factor' Levels'

'

TiO2%g/L%
[MO]/[MB]%ppm'

/α% Low% Middle% High% +α%
0.4%

15/10%
0.6%

20/15%
1%

25/20%
1.4%

30/25%
1.6%

35/30%
 
The factorial points are located at the vertices of a square with coordinates which are a combination of -
1 (low value) and +1 (high value). The coordinate of the center points is 0,0,0. For axial points, star 
points were augmented to the factorial at a distance ± α = 1.41 along with center point in order to make 
the design rotatable. A total of 11 experiments was performed in this work, including four experiments 
at factorial points, four experiments at the axial point, and three replications at central points, derived 
from the following equation (Eq. 2) [34]. 
  ! =#2% + 2' + '( = #2) + 2 2 + 3 = 11%% % (2)%
%

where N is the total number of experiments required, n is the number of factors and nc is replications at 
central points. 
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3. Results and discussion 
3.1 SEM, TEM and EDX Analyses 
As described from literature [24, 35, 36], TiO2 nanoparticle can be transformed into nanotubes as follow; 
ab initio in the hydrothermal treatment, titania nanoparticle distorted into nanosheet by NaOH attack. 
The transformed TiO2 nanosheets having octahedral edges sharing to each other and formed structure of 
zigzag-type and ultimately, transformed into structure of nanotube-like by farther growth of the 
nanosheets during the hydrothermal process. In order to illustrate the morphology of the obtained TNTs, 
FE-SEM analysis was carried out, with the results depicted in Figure 2. It can be seen from Figure 2a 
that the precursor (P25) displays only aggregates of titania particles. But upon hydrothermal treatment 
of the precursor with KOH, the sample (Cd-TNT/1.6) shows wire-like morphology with assembled 
structure of the nanowires (Figure 2b). However, some nanotubes look thicker than others due to they 
tend to form bundles. Similar observation was reported by Zhang et al [37] and Jaturong et al [38]. 
 

 
Figure 2. The FE-SEM image of (a) P25 and (b) Cd-TNT/1.6. 

 
TEM was employed to examine the fine structure of the prepared nanotubes. Figure 3 depicts a typical 
TEM image of the samples. From TEM images, one can observe that the precursor is present as 
aggregated particles having an average particle size of 22.1 nm (Figure 3a). However, the hydrothermal 
treatment with KOH transformed the titania nanoparticles into nanotube (Figure 3 b and c). The 
nanotubes have diameter of 2-3 nm, and typical length in the range of 60 to 70 nm. The assembled 
structure of nanotubes (bundles) was also observed which is in consistent with SEM results. The 
elemental compositions of the prepared photocatalysts were determined by acquiring their EDX spectra. 
Figure 4 depicts EDX spectra of Cd-TNT/1.6. These analyses confirmed the presence of Cd in the 
photocatalysts structure due to the appearance of Cd spectra. The EDX spectra of the sample also show 
peaks correspond to Ti and O which confirmed the TNT is made of TiO2 doped with Cd. 
 
3.2 Band gap energy analysis 
In order to estimate the band gap energy of the synthesized TNTs, reflectance measurements were carried 
out over wavelengths of 220–800 nm. The UV–vis reflectance spectra are displayed in Figure 5a while 
the band gap energies of the photocatalysts, estimated using direct method (plot of [F(Rα)hv]2 vs hv) 
[39] are displayed in Figure 5b. 
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Figure 3. The TEM image of (a) P25, (b) and (c) Cd-TNT/1.6 with different magnification. 

 

 
 

Figure 4. The EDX spectra of Cd-TNT/1.6. 
 

The band-gap energy was calculated to be 3.13, 3.02 and 2.88 eV for P25, TNT and Cd-TNT/1.6 
respectively. The results revealed that the transformation of TiO2 nanoparticle into TiO2 nanotube by 
hydrothermal treatment with KOH can lead to red shift (narrow band gap energy). Moreover, a 
significant optical bang gap energy shift toward the visible-light was observed for the modified TNT 
sample (Cd-TNT/1.6). This absorption of visible-light by Cd-TNT was due to the doped elements. As it 
was believed that dopants can create a level in-between the conduction bands and valence bands which 
narrow the band gap energy [40]. Clearly, these results revealed that Cd-TNT samples (the modified 
TNT) can be used for visible-light photocatalytic degradation. It was believed that reduced band-gap 
energy results to more redox abilities for production of photo-generated electron-hole pairs and sturdily 
reduce effect of recombination, which may lead to enhance the catalytic performance of materials [41]. 
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Figure 5. (a) UV–vis reflectance spectra of the samples (b) Plot of (F(Rα)hν)2 versus hν of the samples for band gap evaluation 

 
3.4. XRD analysis 
In order to study the crystalline structures and phase compositions of the materials, X-ray diffraction 
patterns were collected and presented in Figure 6. The XRD peaks of the samples were studied by 
comparison with JCPDS-21-1272 and JCPDS-21-1276. As several studies show that most the 
synthesized TNTs are amorphous which can be converted to anatase or a mixture of rutile and anatase 
by treating at high temperature [11, 42]. The precursor (P25) was found to be high crystalline than the 
synthesized TNTs as revealed in the XRD peaks. The precursor shows anatase peaks at 2θ (and planes) 
at 25.51o (101), 38.09o (004), 48.20o (200), 54.04o (105), 62.79o (204) and rutile peak at 2θ (and planes) 
= 27.37o (110), 69.02 (310).  However, Cd-TNT/1.6 shows 25.51o (101), 38.09o (004), 48.20o (200), 
54.04o (105), 62.79o (204) and rutile peak at 2θ (and planes) = 27.37o (110).  
 

 
 

Figure 6. The XRD patterns of the samples 
3.5. Photocatalytic activity 
Photocatalytic degradation of methyl orange (MO) and methylene blue (MB) using 10 Watt LED as a 
source of visible-light was conducted so as to investigate the photocatalytic activities of the samples. In 
order to acquire relevant information about the photocatalytic performance, experiments must be 
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performed from which any possible direct photolysis or adsorption of material on the photocatalyst was 
omitted. In regard to this, experiments were made firstly under UV irradiation without the photocatalyst 
(photolysis) and secondly in dark with the photocatalyst (adsorption). The results showed that in both 
cases, no significant disappearance of MO or MB was observed (< 5% in both cases). This reveals that, 
the MO or MB removal observed comes predominantly from photocatalytic degradation by the 
synthesized photocatalyst, indicating that the system is working purely in a photocatalytic regime. 
Many literatures have reported that metal doping can improve visible light photoactivity of nano-
structured TiO2 photocatalysts [43, 44]. Figure 7 shows effect of the amount of cadmium doped on % 
degradation of MO (Figure 7a) and MB (Figure 7b). Interestingly, it can be seen from the figure for both 
MO and MB degradation, the increase in the amount of cadmium doped from 0.4 to 1.6% Cd molar ratio 
versus TiO2 steadily increases the photocatalytic degradation efficiency. Decline in the degradation 
efficiency was observed when amount of cadmium doped exceed 1.6%. Hence, 1.6% Cd molar ratio is 
the optimal doping amount used in this study.  The MO and MB degradation efficiencies over the 
prepared catalysts are tabulated in Table 2. 

 

 
Figure 7. Effect of Cd doping amount on the performance of the synthesized TNT catalyst for degradation of (a) MO and 

(b) MB under visible light irradiation for 240 min. 
 
Figure 8 shows degradation profile of MO and MB by the prepared photocatalysts. Compared to the 
precursor (P25), the modified photocatalysts (Cd-TNT/1.6) displayed noticeable increases in the MO 
and MB photocatalytic degradation, which were found to be about 4.8 times (for MO degradation) and 
5.3 times (for MB degradation) greater than the degradation performance of the pollutants using 
commercial titania (P25). The improved photocatalytic efficiency can be attributed to the enhancement 
in the visible light absorption and the diminution in recombination of electron-hole pair in Cd doped 
TNT, which was confirmed from the optical band gap analysis. Additionally, the oxygen vacancies 
might serve as new active sites for reduction oxygen to form hydroxyl radicals and superoxide that are 
responsible for photocatalytic degradation [43]. Cd doping also can lead to the surface acidity 
enhancement that expedited the adsorption of the reactants, hence enhancing the photocatalytic 
efficiency [45]. However, farther increases in the concentration of Cd doping (Cd-TNT/2 and Cd-
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TNT/2.4), led to the decreases in degradation efficiency. This is may be owing to the promotion of 
electron–hole pairs recombination [43]. 
 

 
Figure 8. Photocatalytic degradation of (a) MO solution (25 ppm) by the synthesize photocatalysts (1g/L) and (b) MB 

solution (20 ppm) by the synthesize photocatalysts (0.8g/L) under visible light irradiation for 240 min. 
 

Table 2. Summary of MO and MB photocatalytic degradation under irradiation of visible light for 240 min 
Sample % Degradation of 

MO 
% Degradation of 

MB 
P25 
TNT 

Cd-TNT/0.4 
Cd-TNT/0.8 
Cd-TNT/1.2 
Cd-TNT/1.6 
Cd-TNT/2 

Cd-TNT/2.4 

11.6 
30.4 
34.4 
40.1 
50.3 
56.4 
53.8 
51.4 

11.2 
35.1 
39.7 
44.5 
53.9 
60.1 
57.8 
54.2 

 
3.5. 1. Degradation kinetics 
The degradation of MO and MB carried out in this study (Figure 8) can be well fitted by pseudo-first-
order kinetics (which suggests that the pseudo-first-order model can be taken into consideration to 
describe the kinetic behavior). The pseudo-first-order kinetics can be represented by Eq. (3).  
 

ln#( / 0
/ 1
) = #34        (3) 

 
where [C]t and [C]o is the concentration (ppm) at time t and when t = 0 respectively and k is the apparent 
reaction rate constant (expressed as min-1). A plot of ln([C]o/[C]t) versus t gave a straight line with slope 
= k and R square values > 0.9 for both MO and MB degradation (Figure 9). 
 
3.6. Optimization experiments 
The effect of two independent variables (TiO2 loading and initial concentration of dye pollutants) and 
their interactive impacts on the dyes degradation over Cd-TNT/1.6 catalyst (having optimum Cd doping 
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amount) as a response were investigated using the central composite design (CCD) approach and 
response data were analyzed using Design-Expert version 6.0.6. 
 

 
Figure 9.  Pseudo-first-order graph of (a) MO and (b) MB degradation 

 
3.6.1. Statistical analysis and fitting of the model 
The degradation efficiency values obtained from experiment (%D) were processed using response 
surface methodology to obtain statistically valid predicted values. A quadratic polynomial model was 
used to develop the mathematical relationship between the response and the independent process 
variables. The empirical relationships between the responses (%D) and independent variables are 
presented by Eq. (4) and (5) for photocatalytic degradation of MO and MB respectively. 
 
#####%6 = #43.17 + 0.5 <=>) − 1.55 @A − 11.2[<=>)]) − 5.02 @A ) − #2.17[<=>)][@A]    (4) 
 
#####%6 = #46.23 + 0.61[<=>)] − 1.73 @A − 11.65[<=>)]) − 5.8 @A ) − #2.07[<=>)][@A]###(5) 
 
Each coefficient of the variable in the equation estimates the change in mean response per unit increase 
in the associated independent variable when the other variable is held constant. The degradation 
efficiencies obtained by photocatalytic degradation process of MO and MB have been predicted by Eq. 
(7) and (8), and the obtained results are presented in Table 3. It can be seen from the tables that, for both 
MO and MB there is a good correlation between the experimental and predicted %degradation as 
testified by linear normal plot of residuals (Figure 10). Majority of the points on the normal probability 
plot lie roughly on a straight line, so it can be concluded that the estimated effects are the real and differ 
markedly from noise. 
The statistical significance of the CCD model was assessed by ANOVA. The ANOVA results for MO 
and MB are tabulated in Table 3 and 4 respectively. The results revealed that the obtained models can 
be successfully used to navigate the design space. The R2 values were found to be 0.9962 for MO and 
0.9986 for MB which are basically close to 1. The R2 values reveal that only about 0.38% and 0.14% 
variation for MO and MB degradation efficiencies respectively, are not explained by the model. This 
observation was confirmed by comparing the experimental values against the predicted responses by the 
model for the percentage degradation of MO and MB (Figure 11). 
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Figure. 10. Normal probability plots for (a) MO and (b) MB degradation 

 
Table 3. The 22 central composite design matrix and the value of the response function (%Degradation) 

Run  TiO2 
(g/L) 

[MO]/[MB] 
(ppm) 

%DExperimental %DPredicted %DExperimental %DPredicted 

of MO of MB 

1 1 25/20 43.40 43.17 46.20 46.23 

2 1 25/20 43.20 43.17 46.40 46.23 

3 0.6 20/15 25.60 25.82 27.60 27.83 

4 1 35/30 31.50 30.94 32.70 32.20 

5 0.6 30/25 26.80 27.08 28.10 28.53 

6 0.4 25/20 20.20 20.07 22.40 22.08 

7 1.6 25/20 22.40 21.48 24.20 23.79 

8 1 25/20 42.90 43.17 46.10 46.23 

9 1.4 20/15 30.40 31.17 32.90 33.19 

10 1.4 30/25 22.90 23.73 25.10 25.59 

11 1 15/10 35.80 35.31 37.30 37.08 

 

For the fact that, in a system with different number of independent variables, adjusted R2 (Adj-R2) is 
more suitable for evaluating the model goodness of fit [34]. In this respect, Adj-R2 values were found to 
be 0.9923 and 0.9972 respectively for MO and MB which are also closed to 1. The model’s Prob > F in 
the table are less than 0.05 which shows that predicted degradation efficiencies are not influenced at 95 
% confidence level. In any experiment, the minimum adequate precision desirable is a value > 4. In this 
study, the adequate precision is 40.729 and 67.192 for MO and MB respectively which confirms 
adequate significant of the model. Furthermore, the residuals analysis (difference between the observed 
and the predicted response value) also gives useful information about the model goodness of fit.  The 



A. Hamisu et al., J. Mater. Environ. Sci., 2021, 12(2), pp. 329-345! 340 
!

normal probability plots show whether the residuals follow a normal distribution, in which the points 
will follow a straight line [34, 46]. The plot of normal probability of the residual for MB is shown in 
Figure 10. The trend depicted in this figure reveal reasonably well-behaved residual of MB and that the 
residual is normally distributed and resembles a straight line. 
 

Table 3. ANOVA for quadratic models MO degradation 
Source Sum of 

Squares 
DF Mean 

 Square 
F Value Prob > F Remarks 

Model 
 A 
 B 
 A2 
 B2 
 AB 

 Residual 
Lack of Fit 
Pure Error 
Cor Total 

766.39 
2.01 

19.16 
707.84 
142.36 
18.92 
2.95 
2.82 
0.13 

769.34 
 

5 
1 
1 
1 
1 
1 
5 
3 
2 

10 
 

153.28 
2.01 

19.16 
707.84 
142.36 
18.92 
0.59 
0.94 

0.063 
 

259.89 
3.41 

32.49 
1200.19 
241.37 
32.08 

 
14.85 

 

< 0.0001 
0.1241 
0.0023 

< 0.0001 
< 0.0001 
0.0024 

 
0.0637 

 

Significant 
 
 
 
 
 
 

Not significant 
 

Table 4. ANOVA for quadratic models MB degradation 
Source Sum of 

Squares 
DF Mean 

 Square 
F Value Prob > F Remarks 

Model 
 A 
 B 
 A2 
 B2 
 AB 

 Residual 
Lack of Fit 
Pure Error 
Cor Total 

844.92 
 2.93 

 23.82 
 766.16 
 189.83 
 17.22 
 1.18 
 1.14 

 0.047 
 846.11 

5 
1 
1 
1 
1 
1 
5 
3 
2 

10 

168.98 
2.93 

23.82 
766.16 
189.83 
17.22 
0.24 
0.38 

0.023 
 

713.39 
12.39 

100.57 
3234.42 
801.39 
72.71 

 
16.25 

 

< 0.0001 
0.0169 
0.0002 

< 0.0001 
< 0.0001 
0.0004 

 
0.0585 

 

Significant 
 
 
 
 
 
 

Not significant 
 

 
3.6.2. Response surface analysis 
The effects of the operating variables (catalyst loading and initial concentration of the dyes) are 
presented by the three-dimensional response surfaces in Figure 12 plotted by varying the two variables 
within the experimental ranges.  As can be seen, for both MO (Figure 12a) and MB (Figure 12b) there 
is synergy between catalyst loading and [MB] as they are increased towards the intermediate levels (1 
g/L and 25 ppm respectively for MO) and (1 g/L and 20 ppm respectively for MB), at which maximum 
MO and MB degradation efficiency of 43.4% and 46.2% respectively, can be reached in 150 min. The 
figure reveals that alternating any of the combinations of levels would result in low degradation 
efficiency. The coefficients of model terms, suggests that the catalyst loading has positive impact on 
degradation efficiency of both MO and MB while initial MO and MB concentration has negative effect 
on the degradation efficiency. The model terms showed negative impact with respect to quadratic 
coefficient for both MO and MB degradation. 
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Figure 11. Comparison of the experimental results of (a) MO and (b) MB degradation efficiency with the 

predicted values by the model. 
 

 
Figure 12. The response surface of (a) MO and (b) MB % degradation as a function of catalyst loading and [MO]. 

 
Conclusion 

Visible light photoactive TiO2 nanotube catalyst was successfully synthesized by cadmium doping via 
hydrothermal synthesis method. Band gap energy red shift was observed when TiO2 nanoparticle (the 
precursor) was transformed into nanotube. Significant band gap energy red shift was observed when the 
TiO2 nanotube was doped with cadmium. The photocatalytic activity of the synthesized catalyst was 
studied by photocatalytic degradation of MO and MB. Cd-TNT/1.6 sample was found to have the highest 
photocatalytic performance of 56.4 and 60.1 % for MO and MB respectively. 
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