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 Titanium dioxide (TiO2) nanotubes was synthesized by hydrothermal method and 

calcined at different temperature (300, 400, 500, 700°C) for 2 hours to study the effect 

of different calcination temperature on the physical properties and photocatalytic 

activity of TiO2 nanotubes was studied.  The anatase phase structure of the TiO2 

nanotubes is remained even after calcination at highest temperature studied of 700 °C. 

However, their morphological structure transformed from nanotubes into nanoparticles 

after calcination at higher temperature. Hence, reduces the photocatalytic activity of 

TiO2 material  in  degrading  methyl  orange  due  to  the  decreases    in 

 surface area and porosity of the materials. 
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INTRODUCTION 

 

 Recently, nanostructured TiO2 materials 

including nanoparticles, nanorods, nanowires and 

nanotubes have been developed because they show 

novel chemical and physical properties, being 

different from their bulk forms. Nanotubes structure 

is particularly interesting due to their larger surface 

areas and pore volumes [Adachi et al., 2000]. They 

also have high interfacial charge transfer rate, 

resulting in the carriers being free to move 

throughout the length of these nanostructures, which 

is expected to reduce the e−/h+ recombination 

probability [Macak et al., 2007]. Subsequently, 

various methods such as the assisted– template 

method [Li et al., 2005], the sol–gel process 

[Brnardic et al., 2013], electrochemical anodic 

oxidation [Perillo and Rodriguez, 2014] and 

hydrothermal treatment method [Jioa et al., 2014], 

have been applied to prepare titanium dioxide 

nanotubes (TiO2-NT’s). In the last few years, 

hydrothermal method has caught interest of 

researchers because of its ease in handling of 

nanotubes production and the simple preparation 

method. The hydrothermal method is also 

environmentally friendly than other synthesis 

methods, which can be attributed in part to energy-

saving low processing temperature, ability to recycle 

waste, safe and convenient disposal of waste that 

cannot be recycled. In addition, the hydrothermal 

method is conducted through an aqueous process, 

enabling satisfactory solubility, uniform dispersion 

of doping metal-ions, and control of stoichiometry 

(Rashad et al., 2013). Hydrothermal treatment can 

also be used to change the morphology, 

microstructure, and phase composition of materials 

by varying the reaction parameters such as 

temperature and pressure. The hydrothermal method 

can be defined as a versatile heterogeneous chemical 

reaction in the presence of solvent, aqueous or non-

aqueous conducted in steel pressure vessels called 

autoclaves with or without Teflon liners under 

controlled temperature and pressure [Byrappa and 

Yoshimura, 2001]. The temperature and the amount 

of solution added to the autoclave largely determine 

the internal pressure produced. Under the 

hydrothermal condition it is possible to grow 

nanotubes of metal oxides by dissolution and 

crystallization thereby creating distinctive difference 

in their characteristics at the nano-scale level 

[Byrappa and Yoshimura, 2007]. Therefore, in this 

work we employ the hydrothermal method to 

synthesize TiO2  nanotubes and explore the effect 
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of different calcination temperature on the structure 

and function of the TiO2 nanotubes. It is known 

that, the calcination process has a significant affects 

on the surface morphology, crystalline phase 

composition, and photocatalytic properties of the 

synthesized TiO2. Therefore, it is necessary to 

investigate the effect of calcianation temperature on 

the synthesized TiO2 nanotubes. 

 

Experiments Preparation: 
 Titanium dioxide nanotubes were prepared 

using hydrothermal method. 5 g of commercial TiO2 

powders (Fluka) was dispersed in 10 M NaOH (200 

ml) and subjected to hydrothermal treatment at 

150°C for 24 h in autoclave. The sample was taken 

out and washed with HCl followed by distilled 

water until pH 7 of solution was obtained. The 

precipitate was collected from solution by filtering 

using vacuum suction filter with Whatman Grade 40 

used as filter paper. Finally, the white precipitate 

was dried at 80°C for 24 hours and calcined at 300, 

400, 500 and 700 °C in atmosphere air for 2 hours. 

 

Characterization: 
 X-Ray diffraction (XRD) analysis was 

performed using Bruker D8 Diffractometer with Cu-

Kα (λ = 1.54021 Å) and scans were performed in 

step of 0.2o/second over the range of 2θ from 10 

up to 90o. TEM and FESEM micrograph was 

captured using Philips CM12 TEM and ZEISS 

SUPRATM 35VP FESEM respectively. 

 

Photocatalytic Study: 
 The photocatalytic degradation experiment was 

carried out by adding 0.1 g of samples into 100 ml of 

20 ppm MO dye solution. The suspension was 

subjected to UV irradiation for 3 hours. The UV 

light source was provided by an UV bench lamp 

(302 nm, 230V ~ 50 Hz). The aqueous suspension 

was magnetically stirred throughout the experiment. 

At every 30 minutes of time intervals 5 ml of 

aliquot was taken out using syringe and then filtered 

through 0.45 μm millipore syringe filter. Then 

absorption spectra were recorded via UV-Vis 

spectrophotometer (Perkin Elmer Lambda 35 UV-

Vis) and the percentage of MO degradation was 

calculated using the formula in Equation 1 (Razali et 

al. 2009). 

Degradation (%) = C0-Ct x 100 Equation 1 

C0 

 Where C0 is the initial absorption of dye and Ct 

is the absorption of dye after the reaction at t time. 
 

RESULTS AND DISCUSSION 
 

 Figure 1 shows the XRD pattern of TiO2 

nanotubes calcined at various temperatures. For all 

studied samples, anatase TiO2 was formed as 

indicated by XRD peak appeared at 2θ = ~25.57°, 

38.05°, 48.28°, 54.10°, 55.29°, 62.90°, 68.92°, 

70.45°, 75.24°, and 82.83°. As the calcination 

temperature increases the degree of crystallinity of 

anatase TiO2 increases which is reflected by their 

peaks being sharper and narrower. This is because 

at higher calcination temperature, it may enhance the 

atomic mobility and causes crystallite growth, 

resulting in higher crystallinity of anatase TiO2 

(Chang et al., 2002). The degree of crystallinity of 

TiO2 is an important factor in obtaining active TiO2. 

Indeed, amorphous titania is poorly active. An 

optimum calcination temperature of amorphous 

samples presumably corresponds to a compromise 

between an enhanced crystallinity, together with a 

decreased density of lattice defects, and limited 

decreases in surface area and coverage by OH 

groups. 

 

 

 

Fig. 1: XRD patterns of TiO2 nanotubes calcined at 

(a) 300 °C (b) 400 °C (c) 500 °C (d) 700 °C 

for 2 hours. 

 

 In order to support the XRD result, Raman 

spectroscopy was carried out. The Raman spectra 

of TiO2 nanotubes calcined at 300, 400, 500 and 

700 oC are illustrated in Figure 2 (a), (b), (c), (d), 

respectively. It can be seen that similar Raman 

spectra was obtained with the presence of the peaks 

at 147cm-1(Eg), 197 cm-1(Eg), 399 cm-1 (B1g), 516 

cm-1 (A1g/B1g unresolved doublet) and 640 cm-

1(Eg) which is assigned to TiO2 in the form of 

anatase. As reported by Berger et al. (1993) and 

Zhang et al. (2000) the strongest peak at  143 

cm−1 (Eg mode) was attributed to the external 

vibration of the anatase structure, therefore 

confirming the XRD analyses that the TiO2 is an 

anatase phase. 
 It has been reported anatase phase exhibits 

better photocatalytic activity than other phases of 

TiO2 (Tanaka et al., 1991). Several reasons have 

been proposed to explain that the most 

photocatalytically active samples have been found 

within the series of anatase samples. For instance, 

higher energy position of the anatase conduction 

band could be the reason because it increases the 
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driving force for the electron transfer to O2 to form 

active superoxide radicals. This radical are 

extremely reactive and readily attack organic 

pollutant molecules and degrading them into CO2 

and H2O (Razali et al., 2009). Furthermore less 

dense structure of anatase, caused higher mobility of 

the charge carriers to proceed with further reaction 

for the formation of active radical. 

 

 

 

Fig. 2: Raman spectra of TiO2 nanotubes calcined at 

(a) 300 °C (b) 400 °C (c) 500 °C (d) 700 °C 

for 2 hours. 

 

 Figure 3 shows the FESEM micrographs of the 

TiO2 nanotubes which were calcined at various 

temperatures. At calcinations of 300 and 400 °C, 

the fibrous-like structures were observed and tend 

to stick together (Figure 3(a) and (b)). However at 

500 °C, the isolated fibrous-like structure appeared 

to have broken into small particles (Figure 3(c)). 

The small particles that constitute the fibrous 

structure were more visible at higher magnification 

of FESEM (Figure 4). The tubes were severely 

sintered and consolidated, the tubular architecture 

gradually disappeared. Further calcination at higher  

temperature of 700 °C, had resulted in complete 

breaking down of fibers to form agglomerated 

particles (Figure 3 (d)). 

 Further analyses on morphological 

transformation of TiO2 nanotubes were studied 

using TEM. The TEM micrographs of the TiO2 

nanotubes calcined at 300, 400, 500 and 700 oC are 

shown in Figure 5. At 300 oC, the formation of 

nanotubes structure had been proven with the 

existence of a hollow space inside the fibrous (~4 

nm and ~10 nm for inner and outer diameter, 

respectively) (Figure 5(a)). After calcination at 400 

°C, the nanotubes structures remain in their shape. 

Previously, An et al. (2008), also reported the 

treated nanotubes can maintained a tubular 

structure when calcined at 400 oC. Nevertherless, 

in this study the aggregation of nanotubes had 

occurred due to heat treatment thus slightly 

increases the inner diameter of nanotubes (Figure 

5(b)). They transformed into nanoparticle after 

calcination at higher temperature (500 and 700 °C). 

At 500 oC, the size of the nanoparticle produced was 

about 14 nm (Figure 5(c) and became larger after 

cacination at 700°C (Figure 5(d)). The 

transformation of the morphology from nanotubes 

to nanoparticles, as a result from dehydration of 

inter-layered OH groups which accelerate the crystal 

growth and induce the change of crystallinity thus, 

destroy the nanotubes structure to produce irregular 

nanoparticles (Razali et al., 2014). 

 

 
 

Fig. 3: FESEM micrographs of TiO2 nanotubes 

calcined at (a) 300 °C (b) 400 °C(c) 500 

°C (d) 700 °C for 2 hours. 

 

 

 

 

Fig. 4: FESEM micrographs of TiO2  nanotubes 

calcined at 500 °C for 2 hours with higher 

magnification (100.00 K X) 

 

 

 

Fig. 5: TEM micrographs of TiO2 nanotubes 

calcined at (a) 300°C (b) 400°C (c) 500°C 

(d) 700°C for 2 hours. 
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 It can be concluded that at calcination 

temperature of 300°C, nanotubular structure was 

observed and still preserved at 400 °C, however 

their inner and outer diameter increases resulted 

from crystallite growth in the tube walls during the 

high temperature annealing thus promoted nanotubes 

agglomeration. At 500 °C, the tubular structure had 

broken into small particles due to destruction of 

nanotube, but the particles were still attached to 

each others. At 700 °C, the nanotube structure was 

totally degraded and subsequently transformed to 

isolated nanoparticles having an irregular shape. The 

schematic of nanotubes transformation to 

nanoparticle after calcination at higher temperature 

was illustrated in Figure 6. 

 

 
 

Fig. 6: Illustration of morphology transformation of 

nanotubes into nanoparticles after calcination 

at different temperatures for 2 hours. 

 

 Figure 7 shows the photocatalytic activity of 

the as-synthesized pH 7 sample which was 

calcined at various temperatures. After calcination 

at 300 °C, the sample showed the highest 

degradation of MO (81.90 %) after 3 hours under 

UV irradiation. This could be attributed to their 

tubular morphology and anatase TiO2 phase. The 

formation of anatase after calcination has high 

amount of oxygen vacancy sites which would 

contribute to the high degradation of MO (Ding et 

al., 2000; Song et al., 2010). The present of more 

oxygen vacancy sites were produced more active 

radical for degradation of MO because the oxygen 

vacancy will reacts with oxygen to produce active 

radical. Meanwhile, the tubular morphology 

promotes diffusion of reactants and products, thus 

enhancing the photocatalytic activity by facilitating 

access to the reactive sites on the surface of the 

photocatalysts. The nanotube structure can also 

help rapid mass transfer of the adsorbed molecules 

form bulk solution onto the catalyst surface, and 

therefore causing the photocatalytic process to be 

accelerated (Wang et al., 2005). The explanation 

justify the large degradation of MO was observed 

from sample calcined at 300 °C. After calcination at 

400 °C the photocatalytic activity of the sample 

slightly decreases. That is probably due to the 

agglomeration process which leading to thicker 

tube walls and destruction of nanotubes structure, 

thus significant decrease of the surface area after 

calcination at high temperature (Lin et al., 2015). 

Further calcination at higher temperature studied of 

500 and 700 °C, results in the performance of the 

TiO2 for MO degradation to be further reduced. It 

could be explained by the transformation of the 

morphology of the samples into the small 

irregular particle rather than tubular structure which 

would reduce the surface area and porosity of the 

materials and thus photocatalytic activity. 

 

 
 

Fig. 7: Photocatalytic degradation of MO using 

TiO2 materials calcined at different 

temperature for 2 hours. 

 

Conclucion: 

 The effect of calcination temperature on 

physical properties (morphology and phase 

structure) and photocatalytic activity TiO2 

nanotubes was investigated. The morphology of 

nanotubes structure was observed at 300 °C and 

retained after calcination at 400°C. However their 

diameter became larger due to nanotubes 

agglomeration. At calcination temperatures of 500 

°C the nanotubes undergo a transformation to 

nanoparticles gradually. At 700 °C, the nanotubes 

were completely transformed into nanoparticle. 

Somehow, the phase structure of anatase TiO2 

retained even after calcination at highest 

temperature studied (700 °C). Even though the 

anatase TiO2 remained their photocatalytic activity 

reduces after calcined at higher temperature due to 

the morphology transformation from nanotubes to 

nanoparticles which would reduce the surface area 

and porosity of the materials. 

 

ACKNOWLEDGEMENTS 
 

 The authors are grateful to Universiti Malaysia 

Terengganu (UMT) for providing the facilities to 

carry out this project and Malaysia Ministry of 

Education (MOE) for the financial support vote 

FRGS 59398. 

 

REFERENCES 

 

Adachi, M., Y. Murata, M. Harada, Y. 

Yoshikawa, 2000. Formation of titania nanotubes 

with high photocatalytic activity. Chemistry Letters, 

29(8):  942-943. 

An, H., B. Zhu, J. Li, J. Zhou, S. Wang, S. 

Zhang, S. Wu, W. Huang, 2008. Synthesis and 

characterization of  thermally  stable  nanotubular  



143                                                                    Mohd Hasmizam Razali et al, 2015 

Australian Journal of Basic and Applied Sciences, 9(12) Special 2015, Pages: 139-143 

TiO2  and   its   photocatalytic  activity.   Journal   of  

Physical  Chemistry C, 112 (48), pp 18772–18775. 

Berger, H., H. Tang, F. Levy, 1993. Growth 

and Raman spectroscopic characterization of TiO2 

anatase single crystals. Journal of Crystal Growth, 

130: 108–112. 

Brnardic, I., M. Huskic, P. Umek, T.H. Grguric, 

2013. Sol–gel functionalization of sodium TiO2 

nanotubes and nanoribbons with aminosilane 

molecule. Ceramics International 39 (2013) pp. 

9459-9464. 

Byrappa, K., T. Adschiri, 2007. Hydrothermal 

technology for nanotechnology. Progress in Crystal 

Growth and Characterization of Materials, 53: 117-

166. 

Byrappa, K., M. Yoshimura, 2001. Handbook of 

hydrothermal technology, Noyes Publications, New 

Jersey, USA. 

Chang, Y.S., Y.H. Chang, I.G. Chen, G.J. 

Chen,  Y.L. Chai, 2002. Synthesis and 

characterization of zinc titanate nano-crystal 

powders by sol–gel technique. Journal of Crystal 

Growth, 243(2): 319–326. 

Ding, Z., G.Q. Lu, P.F. Greenfield, 2000. Role 

of the crystalline phase of TiO2 in heterogeneous 

photocatalysis for phenol oxidation in water. Journal 

Physics Chemical B, 104: 4815-4820. 

Jiao, Y., F. Chen, L. Zhang, E. Zhou, J. Zhang, 

2014. Hydrothermal synthesis of anatase and 

brookite nanotubes with superior photocatalytic and 

Li+ insertion/extraction performances. Catalysis 

Communications, 47: 32-35. 

Li, X.H., W.M. Liu, H.L. Li, 2005. Template 

synthesis of well-aligned titanium dioxide 

nanotubes. Applied Physics A, 80: 317–320. 

Macak, J.M., H. Tsuchiya, A. Ghicov, K. 

Yasuda, R. Hahn, S. Bauer, P. Schmuki, 2007. 

TiO2 nanotubes: Self-organized electrochemical 

formation, properties and applications. Current 

Opinion in Solid State and Materials Science, 11(1-

2): 3–18. 

Perillo, M.P., F.D. Rodriguez, 2014. A room 

temperature chloroform sensor using TiO2  

nanotubes. Sensors and Actuators B: Chemical, 193: 

263-266. 

Rashad, M.M., E.M. Elsayed, M.S. Al-Kotb, 

A.E. Shalan, 2013. The structural, optical, 

magnetic and photocatalytic properties of transition 

metal ions doped TiO2 nanoparticles. Journal of 

Alloys and Compounds, 581: 71–78. 

Razali, M.H., A.F. Mohd Noor, A.R. Mohamed, 

S. Sreekantan, 2014. Effect of calcination 

temperature on the morphological and phase 

structure of hydrothermally synthesized copper ion 

doped TiO2 nanotubes. Advanced Materials 

Research, 1024: 7-10. 

Razali, M.H., M.R. Mat Dris, N.N.S. Mohtar 

Rudin, 2009. Photodegrdation of methyl orange ddye 

using titanium dioxide photocatalyst. Journal of 

Sustainability Science and Management, 4: 49-55. 

Song, S., Z. Liu, Z. He, A. Zhang, J. Chen, Y. 

Yang, X. Xu, 2010. Impacts of morphology and 

crystalline phases of titanium oxide on catalytic 

ozonation of phenol. Environment Science 

Technology, 44: 3913- 3918. 

Tanaka, K., M.F.V. Capule, T. Hisanaga, 1991. 

Effect of crystallinity of TiO2  on its photocatalytic   

action. 
Chemical Physics Letters, 187, pp. 73-76. 

Wang, H., Y. Wu, B.Q. Xu, 2005. Preparation 

and characterization of nanosized anatase TiO2 

cuboids for photocatalysis. Applied Catalyst A, 59: 

139-146. 

Zhang, W. F., Y.L. He, M.S. Zhang, Z. Yin, Q. 

Chen, 2000. Raman scattering study on anatase TiO2 

nanocrystals. Journal of Physics D: Applied Physics, 

33: 912–916. 

http://www.sciencedirect.com/science/article/pii/S0022024802014902

