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Progress on Fabrication, Modification and Applications of Titania Nanotube Arrays
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Abstract: Titania nanotube arrays as a novel nano-material has unique highly ordered array structure, good
mechanical and chemical stability, as well as excellent corrosion resistance. It has been fabricated by
electrochemical anodization of pure Ti sheet in electrolytes containing small amounts of fluoric ions. This paper
reviews the new research achievements of TiO, nanotube arrays on the preparation processes, forming mechanism,
modification and the applications in the photocatalytic degradation of pollutants, solar cells, gas sensor materials,
photolysis water. The existing problems and further prospects in this field are also discussed.
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Table 1 TiO, nanotube arrays: preparation conditions in hydrofluoric acid system and morphologies

Main factors
System Potential Temperature Anodized time Morphology Influenceing
Morphologies
0.5%HF 10~23 Vv Room temperature 45 min Diameter: 22~76 nm Potential
Length: 200~400 nm
Wall thickness: 13~27 nm
From 10 V to 23 V& Room temperature Depending on Tapered conical shape Sweep rate of
Sweep rate: 0.43~ sweep rate potential
2.6 V min*!
20 V&I Room temperature 20 min Diameter: 80~90 nm Potential and

Length: 400 nm concentration of HF
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1

0.5%HF 10 Vand 20 V Room temperature 45 min Diameter: 22~76 nm Potential
CH,COOH=7 11 Length: 200~400 nm

Wall thickness: 13~27 nm

5~50 45 min Wall thickness increases ~ Temperature

with decreasing

anodizing temperature
1%HF+2.5%HNO  From 0 V to 20 V Room temperature 240 min Diameter: 100 nm

Sweep rate: Length: 400 nm
6 V min* Wall thickness: 20 nm
1%HF+2.5% From0 V to 20 V Room temperature 240 min Diameter: 10~120 nm Sweep rate of
HNO:+0.5 mol L* gradually Length: 560 nm potential
H;BO,™ Wall thickness: 20 nm
0.5%HF+1mo} L* 10~30 V Room temperature 0.5~12 h Diameter: 10~100 nm Potential and time
H3POF™ Length: 1 pm (max.)
0.3%HF+1 mot L*  1~25V Room temperature 60 min Diameter: 15~120 nm The diameter and
HPO, Length: 20nm~1 um length depend linearly
on the potential
0.15%HF+1 mot L'*  From0 V to 20 V Room temperature 12 h Diameter: 140 nm Time
H,SO® Sweep rate: 1 V s! Length: 500 nm
1.2.2 TiO,
, ( TiO,

pH

2

TlOz

Table 2 TiO, nanotube arrays: preparation conditions in fluoride systems and morphologies

Main factors Influencing

System Potential pH vlue Morphology .
Morphologies
1 mot L*Na,SO+ From OCP* to 20 V Alterable Diameter: 100 nm Anodized time,
(0.1%~1%)NaF™ Sweep rate: 0.1 V/ s* Length: 2.4 pm (max.) concentration of F~ and
Wall thickness: 10~20 nm  pH value
1 mot L' (NH,).SO.+ From OCP to 20 V 5~6 Diameter: ~100 nm Sweep rate of potential
0.5%NH,F® Length: ~2.5 ym
Wall thickness: 50 nm
1 mot L* (NH)H, PO+ From OCP to needed Alterable Diameter: 40~100 nm Potential, concentration of F,
NH,F® potential Sweep rate: 1V s* Length: 100 nm~4 ym anodized time and pH value
1 mot L' H:PO#+ From OCP to 20 V 45 Diameter: 100+10 nm Sweep rate of potential
1 mot L'* NaOH+0.5%HFF Length: 1+0.1 ym
Wall thickness: 10+2 nm
0.2 mol L* trisodium 25V Alterable Diameter: 110 nm pH value
citrate+1 mol L"* NaHSO,+ Llength: 0.2~6.4 um
0.2 mol L KF™ Wall thickness: 20 nm
*OCP: Open Circuit Potential
1.2.3
TiO, TiO,
’ [l TiOZ ( 3)
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Table 3 TiO, nanotube arrays: preparation conditions in aqueous organic systems and morphologies

System

Glycerol+0.5%NH,F

Polar organic electrolyte+
fluoride(or HF)#2
Organic polar electrolyte+
fluoride (or HF)#

Potential

From OCP" to 20 V
Sweep rate: 0.1 V s*
Depending on the
composition of electrolyte
Depending on the
composition of electrolyte

Anodized time

13 h

Depending on the
composition of electrolyte
Depending on the
composition of electrolyte

Morphology

Diameter: 30~60 nm
Length: 7 pm (max.)
Diameter: 20~150 nm
Length: 134 pm(max.)
Diameter: 20~150 nm
Length: 220 pm

Main factors
Influencing morphologies

Polar organic solvent
and potential

potential

*OCP: Open Circuit Potential

1.2.4
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