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Research Advances of TiO, Nanotube Array in Environmental Field

Fang, Zhi Zhou, Qingxiang*
(Beijing Key Laboratory of Oil and Gas Pollution Control, College of Geosciences, China University of Petroleum Beijing,
Beijing 102249)

Abstract TiO, nanotube array is a novel inorganic functional material, its unique chemical and physical properties such as
chemical inertness, gas sensitivity, dielectric effect, biocompatibility, better photocatalytic activity and resistance to chemical
and light attacks, especially excellent photocatalytic activity, which resulted in many researches and applications in various
fields such as storage and utilization of solar energy, environmental clean, catalyst, and photocatalytic degradation of pollut-
ants. TiO, nanotube array has been successfully used as photoanodes to transfer solar energy to electric energy, which pro-
vides a new way to our energy supply. As a highly efficient catalyst, TiO, nanotube array has also transferred macromole-
cules such as dyes and other persistent pollutants into small molecules like CO, and H,O, which will play an important role in
the reduction of pollutants in environment. Meanwhile it can transfer CO, to hydrocarbons by reduction reaction which cuts
down not only the amounts of CO, in atmosphere but also hydrocarbon fuel gases like CH, that speed up carbon cycle, and
further decrease the greenhouse effects. As a special functional material, it has been proved to be used in monitoring COD
value and pollutants in environmental mediums based on its electrochemical properties, and also enriching pollutants at trace
or ultratrace levels. Moreover, doping or modification will lead to the migration of the absorption spectra of the TiO, nano-
tube array to visible region, and enhance the effective use of solar energy. Due to the advantages of low cost and environ-
mental friendliness, more attention has been put on TiO, nanotube arrays for the reduction and monitoring of environmental
pollutants. This review focused on the photocatalytic degradation of pollutants and applications in environmental analytical
chemistry of TiO, nanotube arrays in recent years, and provided a reference for developing new techniques for treatment and
monitoring of pollutants and widened the potential of TiO, nanotube arrays.

Keywords TiO, nanotube array; photocatalysis; pollutants; environmental monitoring
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Figure 1 Illustrative FESEM images of TiO, nanotube arrays (a: bot-
tom; b: top; ¢ and d: side)

2 TiOx HRERETI PRI R SR
2.1 TiO, fHREMEFIMER ST

WAk, PR RTFRE T HET Tio, 40K B
FUMERE 6 A A B A R 855 75 e T 9. 2 BUIE L T,
TiO, AR RGBS 2 5 KA R AE— i,
FITLL TiO, AR BEZI I A AR Ut SR F A 1)
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Figure 2 A comparison of photocatalytic abilities of TiO, nanotube
arrays formed on different substrates (a. Ti foil; b. Ti mesh; c. Ti coil)
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Figure 3 Schematic of the improvement in the photoactivity of the TiO,
nanotubes formed on Ti mesh
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AT E AT B#f%, A FTIR, NMR il HPLC 25 &1L T
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BB o) AR S R e R T 5P L 1); Sun
SRR Ti 768 Fe(NOs); IR HLAR T i v ol 4% L
Fe’ "B 4410 TiO K FEFIM BL, 58 TS AR
J5% Fe(NOs); HLARE T il 45 A B G RE. WFER
B X RPDR O TR R AR B 22N 1Y) TiO, 44 KA FE
AL R AE TR LR, 48 70 WGMAI A 2. Liu
SR N 25 28 7 R 2 HY U8B 4R 10 THO, A K A B 47
TEXF B G L RE R B B AR I BEREAT IR 9T, 45 R
H: FEAHFEDEIT, 20 N B3040k B 6
SRS RGBS A L, B2 T 2 %, Yan 25002 (A
BB T N F1 S (1) TiO, YUK FES, FERFXFlog B4
B Z R FCHETE REEAT T %52, il XPS JerEAX
SPIZMRHEATRAE R I, N T 5RESIH R T N—Ti
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Table 1 A summary of doping TiO, nanotube arrays

—O ok N—O—Ti #, S JA ISP 4N T
TiO, fidsH, $Emm TAM RS, SR, 73 A T W a 41t
TR S AR RE LR W B R 1) TIO, KBRS L
% BRI R fELrEAE. Li 25050465 NHLF Al NHLCL 1) Hi fig
W 3B 2% N AT F 16 TIONF 99K BEA1, 1
Ny VE PR SAE 500 CHEBE 1 h, JEH%E T M ED B
N S PERE. BFIUR I 46 Ny GRP S BB v LA
Bk 452410 F 4 O B, e TAENR F i A,
MR T A W . 5 SRARATTEE: PO gk
7 BSCLE SRR RE 1) 2 T I B K M e 3 T 9l KA B 41
HISEKYERE; oM Ak B O A R R T 1,12
%, Sun ZEBPLRI] TiO, 9K BESIVE MBS 0.5
mol/L (1) StOH % il 4 i SrTiOs 4K FEA1, FiAl
et %08 5k Ag DIBEIXRIBES] b, BT
Ag-SrTiO; GKE BEF I 52 T XM B R 0 A AL 15 i
LRSI BE. WFSTR I T Ag o] DIAT bt
AT/ E R A, P TR IIRCR, BTEAIX
P Ag 10 Sr-TiO; AR MR A0 P g LR £
BRI W71 i 38 Lu 2559755 NaBF, ¥ H il i
il £ B 2% B 10 TIOL 4K BRI, Tl ik FRAE A I Fif
YA BRI AT WIEROR AE L0, Al IR X Rl AL R
KB BT . WS R I B A O T 4
KA HEBIRA R AT DGR, Li e B il 0.1
mol/L H;BO, ¥, Hl& B2 Tio, 4 KE FE41,
Hoks e A R G R E M A Pk BB 5. FED IR R X
IR R B A pe AL S B v, AR RIS AT T 35 200 1R B 71 e i
HIAF] 66%.
2.3 FIRAREE TIO MARERETIEA S ELT
BRiB2R4h, BRLAE TiO, ANk B2 10 gk — i
e P ARG BRI A Yt ] DL R 5t ) WL 1)
WO N L2 2), S I o — e o A e SR AR
T, IR IR B A 2 LT i 8 o 7 2 1 2 T B

Element Method Improved/% Pollutant Ref.
N Wet immersion 175¢ Methyl orange [3]

Cand F Chemical vapor deposition 201° Methyl orange [4]

Zrand N Electrochemical process 142¢ 4,4-Dibromobiphenyl [5]

Zr Electrochemical method 155° Rhodamine B [23]
Fe Anodic oxidation 181° Methylene blue [24]
Si Chemical vapor deposition 185° Pentachlorophenol [26]
N Immersion 168" Reactive Red X-3B [27]
N Plasma treatment 144" Methylene blue [28]
Nand S Heating 129¢ Methylene blue [30]
Nand F Anodic oxidation 205" Methylene blue [31]
B Anodic oxidation 153¢ Atrazine [34]
Fe Liquid phase deposition 250" Methylene blue [43]
N Immersion 166" Methyl orange [44]
Sn Template-based liquid phase deposition 141° Methylene blue [45]

“ The kinetic constant; ® the degradation rate.
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Table 2 A summary of loading semiconductors on TiO, nanotube arrays
Semiconductor Method Improved®/% Pollutant Ref.
BiOI Impregnating-hydroxylation method 180 Methyl orange [40]
CdSe Electrodeposition — Anthracene-9-carboxylic acid [46]
ZnTe Electrodeposition 222 Anthracene-9-carboxylic acid [47]
Cu,O Electrodeposition 137 4-Chlorophenol [49]
ZnFe,04 Electrodeposition 271 4-Chlorophenol [51]
WO; Electrodeposition 376 Cr(V]D) [52]

“ The degradation rate.

BiOl /& —F it R 1) p B AR, AT B s AT 1.94
eV, BT LRI LA 20R) FH 325 10 ) WG R AT D' A0 B At
REEVS ). Dai 25U Bils /6 A T4, iE R
FEAL 145 Y p-n B BiOI/TiO, 40K MRS A4 KL, A8 r] I
JEIEET T, ARAY BRI BIOT #a ke AL i P RIS X, 2 )5
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FLE BiOL #iriy b, BRAK 7O RS U BB 45 4,
20\ CRH L 1~ ] L4331 5 W B 1 T (1) e 0 kA S
Chang 2 R TR 4 T $13% CuLnS, ¥ TiO, 412K
ERES, RILZARW O R AR AR

Kontos!™ 45752 y-Fe 05 ¥ ol ik YIBi & ik
T 4138 y-Fe,05 1) TiO, YK BES, FAEIMGIUR
52 y-FeyOy WREEXTA B R G AL ERE R, 3R &
5 mg/mL I, JGHE AR AR PR RE ) s, IR R
PR S AL PR BE. RIS S8 p-Fe, 05 E4N
KA BELSYUAR T84y, 1 e 2 0 4 KA 2 T P AE M ki
RN, BRAR T AR AL, fERIE N 5 mg/mL R &K
(100 670 28 0 K7 I 1) 14D s A A 3k 236 S 0 L P A FH 4K
BRI T 30%. Yang Z5HSUR ] CdSe ghKkifs i
(1) TiO, HK A BB AE SR (0 S (O S HES Y6 Ak AR 9-
B, AATE 4 pm K TiO, 99K 8BRS A H it
FBUEAH CdSe KPLYTAAERESI . FIFH CdSe 54
(15 96 A ORI KB K s, BRI &0l 14
CdSe ZKHLI TiO, 44K FEFIM BT K KT 500 nm
GRS, H AR, RIMBUER, T4
(IR AC RE ) S, 7R RSN A 550 nm R X 9-
FR LA 5256, 7E 9138 CdSe 9KRLI TiO, 99K
FEBIE R, 9-1 FRERLE 60 min N 43045 (4. Liu 25047
F P Ik v e R V22Ks ZnTe 94 KK 47 28 TiO, 49K 55 [ 41
VE R AL A O- B BR AR K. BF9 R B 1128 ZnTe
(1) TiO, YIKEFES, ZnTe A% A s> T6E R
TR Es G UE, e TR WG .

Wang 12552 T TiO, 41K FEA S 4-E 0 (1
AL B AR ACR. WEFTR I AN R . % pH {E. V5 4%
WUy TR P R ' FE A S P A A 1 R P AR FE LR . AH
4T, 5HEB s, R bR 7E 5t s
IYEHEALMERESR S T 1.44 %, Hou 25HRIE T ¥ TiO,
YUK FEFIZITHE CuSO, ¥ 24 h, FHAEPK N 365
nm [{) UV 56 NS 40 min, B4k B8] B Cu® ™
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P AR R R =S, BN O IR R s .
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FRAE N XN AR AT I I, FRARES 25 7 fa . 9T
FW: WO A7 %0 2.6 eV, KT TiO, (7 %, BEfT
ORI AT WO REAT IR R S N AT AR BRAE A FE I 78
TORBUE TR AR BRI R EAE H R R
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BME A6 ARE J5 N e B A AO-7 Gk}, IF9T
TERRPESAE T, 7SS T LUARE S 48 A 700 48 o £ £ e At
AO-7 (IR, Reidsk, AO-7 nl DU SKIE 78 680 4 vy
TIaMZE I, AR T BRI A E A, em
T SO i B — I % (1)

I3 1 BN R A MR IE I 2% A 4 1 IR I e ) D Re
RGP BRAN T, eI N T A B 7 1 R AHR
SR FUUNHLEIDY. Lu P51 7 —Fh R f 2R
GVEA I oy 1 BV SR S BN TiO, 9K 4,
FXFIX TR 0T DU BR 25 PR B2 R R Ha A £ 2 R
AT THESE. g REWAMF &AM T, 5% T B0 1)
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PR DG BE R, 1 52 A4 TT DR S B 5 1 AR 5 (R REAIE
DA TN), AT LIARR T (I K). Luo 20
I FL TR ARAE TIO, K BE A A BORi 224 10 nm
(1) CdTe 1 s, JEHRIEIOCILR AR SRS s B N H T
05 B R AMEA LG J R T A Can & 4). BF5E
RIL: BT 29O IRBE T RS (1) 98 b1 1 2 S0 B L
BEAAE ORI 7 B e w715 £, ik
WP E] 15 pmol/L, XFFAEKFE AR Z 92.1%~
118.9%.

. PAH emission
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Figure 4 Schematic of the FRET
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PR 1.0X 10 "> mol/L, Z&MEEHl 3.0X10 *~1.0X 10"
mol/L, X675 28 7R A I N A5 G R it e
SEFEANR AEARA, n] AR IEX R PAHS I RT4E.

S,0F +
o8 T py Cathode

AgTiO NTanode o o Ag/Ti0,NT

B5 AT ECL SRBOKHN PAHs 7= H
Figure 5 Schematic of PAHs determination based on ECL
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COD &K 7r /K Jitys e fE ) 2245 bR, H w5 FH 5
W3 () A BRE A R R AR VA S AR R A AT, B
COD il A bt 7 idi—— TS PRV R U, AR A I it
FEPAFAEAR Z A A2 Ak W Rt s T, A B B
HAT B Ik, ST R T ekt i B IR
B, G AR P B RO R R A Bh AL, B SR Al
T VER S AL KU (1) 7. Dong Z5RT Zhou 2002
FIFH =1 BEAT T3 1) TiO, 4K BESIAE A Fa R EAT COD (1)
G HLAEAL I . WS R I AE G R R AT L,
LRNEJE FIAF] 0~850 mg/LIM, TiO, 44K A4 B 4113 1 R
AAE, FEWSAE(1~5 min), (EEEME, RSB0 B U (e afh
JE REEMER LML, Chen Z51°VRI ] TiO, 4K 5411
R AR A B KR cOD &, K51k
0 110 A PR R VR R TR 4 SR L, B A RE R )b,

(437 ] A4 A7 AL A v v AN IR AE N H AR AT R
I, R B Qu AR L ARURD & SRR 1)
HEAAEV P 4 A B TiO, KA FES, BAKE RN
H,PtClge 10H,O  F 38 i Y63 i s ks Pt id 5k Pt 44
KR, FIFHIXF A Pt TiO, 49K BESIN KA
COD BEATINE. WEITEW]: %A 7 ik i e EVa
25.0~380.0 mg/L, FIMPRIER] 9.5 mg/L, (R T2
0 4 AR TE R .

Zhao ZEVE I8 11) TIO, DK B 5T E 55 i
AR RN G — W v, A H T TR 2 IR I £ A
TiO, ZHK A RES), ) FH X A B3R MoK A B 51 R s -1
SRE ity b PR R R S i, KRS R S TiO, 40
OKAE B 1) g P e T S (R RIS A P 22 (R R
D52 15 G (R 5 A I 7 VR I 2 Y R B 0.2
ng/L~2 ug/L, ¥rPRikF] 0.1 ng/L. Gl L5 A €6 1%y
R 25 FAR L, P 4l A R 22/ T 5%.
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RPPEA W, AT, MR 2-H5 38805
3-BHFERWY . A-FHFERE . m-FOREY . p-HOREY . 3-&
P (RAS I PR AE 0.9X 1077~1.90X 10~ mol/L 2 |f].

Lin 2579738 7 I TiO, 942K B 4110 P s Fro A,
DU, A AT S B B e BEL - R A S 1 F B
ZESRAT I F S TR . WFIER . & 400 CHALLEE),
fn 280 PR G TR AR O BAK Y, RS 2% AR I 1R e el Y
KPR IA %] 0.04 mg/L, 7 50 mg/L ZFEHT 1000 mg/L &
RTPUE, o AR A A
3.3 WRHME*

KR ARG SR RE T, BATTAER
LIS T R TiO, Gl A A by W B 751 ] A A BT
RAS M5 Y J5ik, RIL TiO, 9K VETR B 5
LU A 238 (1) W B 75046 5 L R AR, WA B 25 S RS U
AN . Zhou 2N TR FLRMA TiO, 4K A5 E N [ A1
AL B, RE 7K PR AR 24 T R R B PR AT A G
2, RO PR >4 1.95 pgeL ™ Fi12.59 pgeL ™", X 2K Tk
IR 25 2% B A EAT 2 HCIN 58 IR I PR A 3 0.062~0.212
pgeL . SR IXFORY 1A TiO, 44K A1 g [ FH AR B2 b
FUIS, AR MESZIURE 5 1) S . 17 TiOo, 4K BESIAN
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