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Progress of Photoelectrochemical Performance of Titania Nanotube
Arrays for Hydrogen Production

WANG Ying-Ying CAI Jian-Huai SUN Lan® GONG Jiao-Jiao LIN Chang-Jian
(Department of Chemistry, College of Chemistry and Chemical Engineering, Xiamen University, Xiamen, Fujian 361005, China)

Abstract: The photoelectrolysis of water using the photoelectrochemical cell consisting of TiO, nanotube array
photoanode is one of the most extensive investigated systems for photocatalytic hydrogen production at the
present. This paper reviews the new research achievements of TiO, nanotube arrays on photoelectrocatalytic water
splitting for hydrogen production. The methods to increase the photoelectric conversion efficiency and hydrogen

production rate are emphasized. The existing problems and further development in this field are also proposed.
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Fig.1 Schematic of the photoelectrolytic cell for

hydrogen generation
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Fig.2 Schematic representation of the mechanism of the

water splitting using Ti0, nanotube electrodes
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(a~c) First anodization for 5 h, (e~f) the second anodization for 5 min, (h~i) the third anodization for 5 min, (d and gl the Ti foil substrate ex-

posed after the ultrasonic removal of a nanotube layer in the first and second anodization. The insets in (c¢) and (i) show the bottom-view of the

nanotubular arrays by the first and third anodization, respectively, at 50 V with 0.3wt% NH,F and 2vol% H,0
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Fig.3 SEM images of the TiO, nanotube arrays in ethylene glycol system
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Table 1 Preparation conditions, morphology, photoelectrochemical activities and
hydrogen generation rate of TiO, nanotube arrays
Potential / Time / Morphology / n*/ IPCE / H, rate /
System Electrolyte
\ min nm % % (pmol -h™- W)
Acid aqueous 10 — Diameter: 22 6.8 90 960
. 0.5%HF":
solution Length: 224
CH;COOH=7:1"
Wall thickness: 34
2.5% HNO;+1% 20 240 Diameter: 10~120 7.9 — 1708
HF+0.5 mol - L™ Length: 560
H;BO* Wall thickness: 20
0.5 mol- 1! 10~23 60 Diameter: 15 0.42 — 158.6
HCI+0.1~0.5 Length: 860
mol - L™ H,0, Wall thickness: 10
Neutral aqueous 1 mol- L™ 20 120 Diameter: 100 — 40 —
solution (NH4):SO4+ Length: 2 000
0.5wt% NH,F™ Wall thickness: 10
LT
0L mol-LTKF: 4 30 1200 Diameter: 40~110 1225 81 —
1 mol - L H,S0,
+0.2 mol - !
citric acid™ Length: 4 400
. N
8.0% NH.F+ 20 1440  Diameter: 94 14.42 — —
Aqueous organic ethylene glycol
solution solution
(2% water)® Length: 14 400
20 60~300  Diameter: 34 3.0 — —
0.5wt% NH,F+
Length: 1 900~5 700
glycerol!
Wall thickness: 9
Third First time 0.3wt% NH,F+ 50 300 Diameter: 100~110 — 22.7 781.25
anodization Length: 10 000

ethylene glycol
solution (2vol%

water)*

Wall thickness: 20
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1
Second time 50 Diameter: 90 — 44 615.63
Length: 1 100
Wall thickness: 60~70
Third time 50 Diameter: 90 — 80.7 13125
Length: 1 200
Wall thickness: 55
n*: the photoconversion efficiency.
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Fig.4 SEM images of the nanocomposite TiO; films consisting of bamboo leaf-like TiO, on the top surface of the

highly ordered TiO, nanotube arrays
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