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Fig.1  Sketch of anodic oxidation device 
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¾ 2  TNTs, C@TNTs-550, C@TNTs-650J C@TNTs-750z�Z SEMÂÃ 

Fig.2  SEM images of TNTs (a), C@TNTs-550 (b), C@TNTs-650 (c), and C@TNTs-750 (d) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

¾ 3  C@TNTs-650Z EDSYr�Ä 

Fig.3  EDS element maps of O (a), C (b), and Ti (c) in C@TNTs-650; EDS element line scanning (d) and 

main element content (e) of C@TNTs-650 
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¾ 4  TNTsJ C@TNTs-650Z XPS¾r 

Fig.4  Full XPS spectra of TNTs (a) and C@TNTs-650 (b); high resolution XPS spectra of Ti 2p (c) and O 1s (d) for TNTs and C@TNTs-650 
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¾ 5  ÅQ�z�Z XRD¾rJ C@TNTs-650Z Ramanqr 

Fig.5  XRD patterns of as-prepared samples (a) and Raman spec- 

trum of C@TNTs-650 (b) 
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Table 1  Relative contents of the phases for as-prepared samples (%) 

Phase TNTs C@TNTs-550 C@TNTs-650 C@TNTs-750 

Anatase 90.4 97.4 91.2 45.0 

Rutile 9.6 2.6 8.8 55.0 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 6  C@TNTs� TEM� HRTEM� 

Fig.6  TEM images (a, c) of C@TNTs-650 and HRTEM images 

of C@TNTs-650 (b, d), C@TNTs-550 (e), and C@TNTs- 

750 (f) 
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Fig.8  GCD curves of as-prepared samples at current densities of 

0.1 mA·cm
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Table 3  TNTs nanotube arrays prepared by various post treatment methods and the related areal specific capacitance 

Sample Post-treatment Areal specific capacitance Ref. 

TNTs Annealing in air 0.97 mF·cm

-2

 at 0.05 mA·cm

-2

 [20] 

TNTs-Ar Annealing in Ar atmosphere 1.15 mF·cm

-2

 at 5 µA·cm

-2

 [21] 

Electrochemical hydrogenation doping 5.42 mF·cm

-2

 at 0.05 mA·cm

-2

 [20] 

H-TNTs 

Annealing in H

2

 atmosphere 4.64 mF·cm

-2

 at 5 mA·cm

-2

 [22] 

Hydrogen plasma treatment 1.10 mF·cm

-2

 at 1 mA·cm

-2 

[23] 

MWNTS-TiO

2

 NTs Two-step approach by the principle that positive 

and negative charges attract each other 

4.4 mF·cm

-2

 at 0.1 mA·cm

-2

 [5] 

C-TNTs 

Microwave plasma assisted chemical vapor deposition 

(MWCVD) with methane flow rate of 30 cm

3

/min 

2.5 mF·cm

-2

 at 20 µA·cm

-2 

[6] 

N-TNTs Nitridation in an NH

3

 atmosphere 3.95 mF·cm

-2

 at 0.2 mA·cm

-2

 [24] 

C@TNTs-650 Hydrothermal carbonization and anodic oxidation 6.52 mF·cm

-2

 at 0.1 mA·cm

-2
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Fig.9  Cyclic performance of C@TNTs electrodes 
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Fig.10  Nyquist plots of as-prepared samples 
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Abstract: An amorphous carbon-coated mixed-crystal TiO

2

 nanotube array (C@TNTs) with good electrochemical performance was 

prepared by combining the hydrothermal carbonization method and anodizing method. Scanning electron microscopy (SEM), Raman 

spectroscopy (Raman), X-ray diffraction (XRD), transmission electron microscopy (TEM), X-ray photoelectron spectroscopy (XPS), and 

electrochemical methods were used to characterize and analyze the unmodified TNTs sample and the C@TNTs samples obtained at 

annealing temperatures of 550, 650 and 750 °C. The results show that the amorphous carbon layer with the thickness of 3.4~6.8 nm can be 

coated uniformly on the TiO

2

 nanotube arrays by the hydrothermal carbonization method, but the method does not affect the morphology 

and structure. The discharge capacitance of C@TNTs-550, C@TNTs-650 and C@TNTs-750 are 2.83, 6.52 and 1.48 mF·cm

-2

 at current 

density of 0.1 mA·cm

-2

, which are 27, 64 and 14 times higher than that of the unmodified TNTs, respectively. What’s more, the introduction 

of a certain amount of rutile phase in TiO

2

 nanotube arrays is conducive to the improvement in electrochemical performance. 

Key words: hydrothermal carbonization; anodic oxidation method; amorphous carbon; TiO

2

 nanotube array; electrochemical performance 
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