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Research of the Photoelectrocatalysis Degradation of Methylene Blue of TiO,
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Abstract: Well-aligned and uniform titanium dioxide nanotube arrays were fabricated in situ on titanium substrate by electrochemical
anodic oxidation. SEM images indicate that the TiO, nanotubes are well organized into high-density uniform arrays with diameter ranging
in size from 70 to 100 nm. The XRD patterns show that the sample fabricated by anodic oxidation is amorphous without being annealed.
As the 500°C annealed sample crystallized in the anatase phase which is in good photocatalytic activity. In quartz glass reactor the
photoelectrocatalytic degradation of MB in aqueous solutions as well as the effect factors and then to 0. 1 mol /L NaCl as the electrolyte

under with in oxygen atmospheres annealed the applied bias is 0.5 V and has a pH = 3.25 light intensity is 1 000 wW /cm’ and the
surface area of nano-tube array film conditions will help to improve the TiO, nanotubes array film photoelectrocatalysis degradation of
MB degradation efficiency is 99. 56% . The results of EIS analyses revealed that the surface reaction step was the only rate limiting step
either for the photoelectrocatalytic process. The extra bias potential could decrease the values of the electron-transfer resistance and
increase the separation efficiency of photogenerated electron-hole pairs.

Key words: titanium dioxide; nanotube array; electrochemical anodic oxidation; photoelectrocatalysis; methylene blue

1972 Fujishima ' TiO, . Wang ' HF.NH,F
1976  Carey ° TiO,
TiO, . TiO, TiO,
TiO, . . . ’
Fujishima
TiO, Tio,
TiO, >
9 10
Ti0, ) Ti
’ X 12010-12-11; 12011-01-06
: (50968005 10876017 10776017
35 6 21063005)
.2001 : (1985 ~)

E-mail: zhangxispring@ 126. com
E-mail: liaolei@ glite. edu. cn

. Ti0,



11 TiO, 3373
TiO, 0.5% ( ) NH,F
TiO, TiO, +10% ( ) H,0+0.2% HF ;
N 50 vV 25 min.
10°C /min
! 500°C 0, 1h
. TiO,
MB . TiO,
Bruker AXS D8-Advance X
13
B 2 h Cu Ka (A =0.154 18 nm) 40 kV
B 50% . 40 mA 10° ~80° (26) 0.02°.
" TiO, 1.2
Zahner IM6e (
8 1) TiO, MB
TiO,
2 cm X2 cm Pt
CMH-250 (
TiO, 350 ~450 nm 100 mW/em?®)
10 mg/L MB . ST-86L
( )
TiO, -
MB
TiO, Uv2100 190 ~ 850 nm
0.1 nm. 10 mV
TiO, N 1 mHz ~10° Hz.
( IM6eHALA: TAES;
1 ——
HL
1.1 TiO,
>99. 6% 0.15 mm; g B g 0
2 cm x2 cm . UGS
10 min
A B: ( )
TiO, " (o
HF: HNO,: H,0 =1:3:6 Fig. 1  Photoelectrochemical test system
3s
2
2.1 TiO,
0.5% ( ) NH,F +5% ( ) H,0 2 TiO,
; : 50 V 15 min. XRD



3374 32
TiO, Ti TiO,
(40.17°, 52.98°., 62.96°.70.62° 76.21°)
TiO,
25.35° (101)
Nyquist
A anatase yquis
T: titanium T (103) -
A (101)
TiO,
0.5V . 4(b)
oy TA2) T(110) .
T(OOZ)T Tio,
AL105) Nyquist
A Q00 (211) T(112)
. |
@ -
2 000
(a)
| | | | | | | |
0 10 20 30 40 50 60 70 80 90
20/(°) 1500 -
(a) i (b) 500°C
2 TiO XRD E\: 1000 +
2 N
Fig. 2 XRD patterns of TiO, NT arrays
(1) Wk
20 o @K o
302 )
TIOZ ( SEM) 0 1 1 1 1
0 1 000 2 000 3 000 4 000 5000
ZIQ
500
()
400
300
g
N
200 |- 1) R
@) et mfER
100
)
0 1 1 1 1 1 1
0 50 100 150 200 250 300 350 400
ZIQ
4 TiO,
Nyquist

3 Tio, SEM

Fig.3 SEM image of TiO, nanotubes

2.2 TiO,
4(a) TiO,
Nyquist

Fig. 4 EIS Nyquist plots of TiO, nanotube array electrode in dark and

illumination as well as illumination and photoelectrochemical process

2.3 TiO,
2.3.1 . . .
TiO, MB



11 : Ti0,

3375
TiO, .TiO, 2.3.2 MB
MB . MB
10 mg/L pH =7.03 NaCl
0.01 mol/L.
0.25 V; TiO, 6( a)
TiO, MB 2 h 96. 73%
700 pW/cmz; 0.2 V TiO, 99.57% .
700 pW/cm’. MB 66.96% .
5( a) 0.2V
MB ov TiO,
0.2V MB MB
. MB TiO, /Ti
2 h MB 19.58% . TiO,
MB 61.76% TiO,
TiO, /Ti 6(b) TiO,
0.2V MB 7 h MB . TiO, MB
-1
MB 10 mg/L 0.1 mg/L 0.893 h
o »
99.56%. 5(b) TiO, 4 (0.0V) .2.878 h~(0.25V) 4.724 h™ (0.5V).
MB . TiO, MB
0.153 h ™ '( EC) . 100 - ) pesmmcR i
0.387 h™'(DP) .0.872 h™'(PC) 4.724 h™'( PEC).
80 |
100
(2) PR3 4
<
w EEgl S 60 |
SO e it 2
A HENH N
. v bR $ 40 -
2 60 -
g —=— 050V
B 20 - —e— 025V
g 4o+ —a—0vV
- 0 L | [ [ | |
0 20 40 60 80 100 120
20k .
(b) FhyELk N
% 20 40 60 80 100 20

5L &) A

In (co/cy)

5 4 MB
Fig. 5 Degradation efficiency curve of MB using different

process and the kinetic curves

In (co/cy)

20 40 60 80 100 120

MB TiO,
MB

Fig. 6 Degradation efficiency curve of MB degradation for TiO,

nanotube arrays annealed in oxygen atmospheres and

the kinetic curves under the bias in different



3376 32
2.3.3 pH MB MB NaCl MB
pH
. 3
pH 3.25. 6.29. 8.00 8(b) TiO, MB
. TiO, . TiO, 0.181 h~'(0.0 V) .
7( a) pH 0.804 h™'(0.25 V) 4.724 h~'(0.5 V).
100 -
.pH (2) MBS 1 22
TiO, 80 -
TiO, 2
So6or
7(b) 3
. | —=— 0.1 mol/L NaCl
TiO, MB Sal —e— 0.05 mol/L NaCl
. _1 —A— ( mol/L NaCl
TiO, 1,008 h™' (0.0 V) .
20
4.724 h'(0.25 V)  8.08 h™'(0.5 V).
0 I I I I I I
1001 (o) Mo 42 0 20 40 60 80 100 120
6
80 - () Z % .
5L
&
\E 60 |- a4l
5 _ = 0 mol/L NaCl
s w0l < 3| ®0.05mol/L NaCl
= E@/ 4 0.1 mol/L NaCl
—=—pH=325 2
20 - —e—pH=6.29
—Aa—pH=8 1 )
0 1 | 1 | | | 0 J——
0 20 40 60 80 100 120 : e
10 I I I I I I
= 0 20 40 60 80 100 120
N R onin
8
7 8 MB TiO,
6 MB
g 5 Fig. 8 Degradation efficiency curve of MB degradation for TiO,
= 4 nanotube arrays annealed in oxygen atmospheres and
3 the kinetic curves at different electrolyte concentrations
2
1
2.3.5 MB
0
0 20 40 60 80 ‘ 100 120 MB
tmin 3 400+ 620
7 pH MB TiO, 1000 pW/cm®. 9( a) TiO,
MB MB
Fig. 7 Degradation efficiency curve of MB degradation for TiO,
nanotube arrays annealed in oxygen atmospheres and
- . - . H202
the kinetic curves at different initial solution pH ,
400 pW/cm” 120 min TiO,
2.3.4 MB MB 75.32%
TiO, /Ti
NaCl - -
3 0. 0.05

0.1 mol/L. 8(a) NaCl



11 TiO, 3377
100 L
_ 001 (@) ekt A
TiO, /Ti 80 -
*OH =
S 60t
. . . 2
TiO, /Ti TiO, 2
i
MB 8 40}
9(b)  TiO, MB . 2
s - ——1X2
TIO2 1 168 h ! A1 X1
(0.0 V). 1.362 h™' (0.25 V) 4.724 h™! 0 L L L L L L
0 20 40 60 80 100 120
(0.5 V). 6 —
(b) B0 gk A
5
10T (o) e 2% 4
80 |- g3
S
)
§ 60 -
2
= 1
sa0f
~ 0
I
20 =— 1 000 pW/cm 0 20 40 60 80 100 120
—e— 620 uW/cm #min
0 —A— 400 uW/cm
I I I I I I I .
0 20 40 60 80 100 120 10 MB Tio,
6
N MB
o) B h il N
s| Fig. 10 Degradation efficiency curve of MB degradation for TiO,
nanotube arrays annealed in oxygen atmospheres and
4r the kinetic curves at different the electrode area
- m 400 uW/cm
% 3 @620 uW/em
= A 1000 uW/em 2.4 -
T2
1
0 20 min MB
I I I I I I
0 20 40 60 80 100 120 11 MB
/min 664 nm
9 MB TiO,
MB
Fig. 9 Degradation efficiency curve of MB degradation for TiO,
i UV-Vis (664 nm )
nanotube arrays annealed in oxygen atmospheres and
the kinetic curves in different illumination intensity MB
MB
2.3.6 TiO, MB MB
Ti0, MB MB 20 min
120 min MB
TiO, MB 99.56% .
Il emx 1 emy1 emXx 2 em
2 cm x2 cm. 10( a) c = A/Kb (1)
MB 93.79% 99.56% . ¢ VA




3378

32

K
(K )b
( *1 em)
(1) Kb c A
(1) ]
n = (¢, —¢) /c,% (2)
CO CL
S (2) in=
(A, /Kb - A, /Kb) /( A,/Kb) % ‘m=(4,-A4,)/
A,% A, 1 MB A,
MB . MB
— O min
---- 20min

------- 40 min

800

11 MB
Fig. 11 UV spectrum of absorbance with time changes of

MB solution using PEC degradation

2 TiO,
TiO,
MB
0.1 mol/L NaCl
pH
TiO,
MB
TiO, -

Ti0,

10

11

Fujishima A Honda K. Electrochemical photolysis of water at a
semiconductor electrode J . Nature 1972 238(53-58) :37-38.
Carey ] H Lawrence J Tosine H W. Photodechlorination of PCB’s
in the presence of titanium dioxide in aqueous suspension J
Bulletin of Environmental Contamination and Toxicology 1976 16
(6) :697-701.
Shankar K Tep K C Grimes C A. N-doped and N F-codoped
TiO, photoelectrodes: An electrochemical strategy to incorporate
anionic dopants J . Journal of Physics D: Applied Physics 2006
39(11) :2361-2366.

.Zn TiO,

l . 2007 52(2):158-162.

Paramasivam 1 Macak ] M Schmuki P. Photocatalytic activity of
TiO, nanotube layers loaded with Ag and Au nanoparticles J .
Electrochemistry Communications 2008 10:71-75.
Gong D Grimes C A Varghese O K et al. Titanium oxide
nanotube arrays prepared by anodic oxidation J . Journal of
Materials Research 2001 16( 12) :3331-3334.
Wang D A Yu B Wang C W et al. A novel protocol toward
perfect alignment of anodized TiO, nanotubes J . Advanced
Materials 2009 21( 19) : 1964-1967.

Macak J] M Tsuchiya H Ghicov A et al. TiO, nanotubes: Self-
organized electrochemical formation properties and applications
J . Current Opinion in Solid State and Materials Science 2007

11(1-2) :348.
Vinodgopal K Hotechandani S Kamat P V. Electrochemically
assisted photocatalysis: titania particulate film electrodes for
photocatalytic degradation of 4-chlorophenol J . Physics and
Chemistry of Minerals 1993 97(35) : 9040-9044.
Li XZ Liu HL Yue P T et al. Photoelectrocatalytic oxidation of
rose Bengal in aqueous solution using a Ti/TiO, mesh electrode
J . Environmental Science and Technology 2000 34 ( 20) :
4401-4406.
Liu Z Y Zhang X T Nishimoto S et al. Highly ordered TiO,
nanotube arrays with controllable length for potoelectrocatalytic
degradation of phenol J . Journal of Physical Chemistry C
2008 112( 1) :253-259.
. TiO,
I 2002 23(6):108-110.
Ti/Ti0,
BJ. 2002 23(4) :47-51.
TiO,
I . 2010 31( 10): 1300-
1304.
TiO,
I 2001 22(2) :46-50.



