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Abstract; To improve the visible light photocatalytic activity of TiO,, in this study, TiO, nano-tubes arrays
(TNTAs) were in-situ grown by anodization of Ti foils, and noble Pd nano-crystallites were electrochemical
deposited onto the as-prepared TNTAs photoelectrode. The morphology, surface state and light absorption
ability of the resulting electrodes were characterized by scanning electron microscopy ( SEM), X - ray
photoelectron spectroscopy ( XPS) and UV-visible light diffuse reflection spectroscopy ( UV-vis DRS),
respectively. It was found that Pd nano-crystallites were successfully decorated onto the surface of TNTAs
electrode, and existed as the form of Pd°. In addition, the light absorption of Pd/TNTAs photoelectrode was
greatly red-shifted to visible region. Furthermore, methyl blue (MB) was served as the probe molecules, and
the effects of deposition voltage and time on the photocatalytic (PC) performance were mainly investigated. It
was found that when the deposition voltage and time were — 0.8 V and 10 min, respectively, the optimal
photodegradation of MB could be obtained, which fitted well with the pseudo-first-order kinetics formula.
Under the simulated sunlight irradiation within 120 min, the 71.4% degradation rate of MB could be
achieved, which was 1.5 times larger than that of bare TNTAs photoelectrode.

Key words: TiO, nano-tubes arrays; photoelectrode; Pd nano-crystallite; photocatalysis; methyl blue

WA E A 2012 - 10 - 15. - (1] 4« .
ELTE: {5 [ ABEE ST H (51178138) ; 65 015 A [ 1972 4 Fujishima %' 438 7 TiO, #A5

BATEBIIH (S1121062) ; St A VTR SRIRSIEAE i fly b SGlK IR LR , 1 SR 4K e fi Al

S H 2 (WK Tl R4 ) i B3 H (2010DX03) .

R/ FESC(1984—) 0 1 L0k 5 TR AZ B TR KT TERZ 12 SR,
X —) Lo H AL T . . \ JESRTIN »
it AL oo g o AT Ti0, ASCH RS IME  HE FRRSE HOOE AL



5510 4]

FAESC, 45 Pd 9K B TiO, ZKAE FEF G R B i 5 bt 37

AL T 20 45 AR 2 A0 250 T 45 52 75 . SR T A7 16 LU
BB - TIO, J& JEH B TR, HEBRAE N 3.2 eV
(BB , FUBEMA Y 3% K /N T 387 nm (2850,
M 2 AMEAL 5 K P i 4% ~6% . HIK,
TiO, AR N & BG4 T - 28 7O B A HLR R
A5 T HCOG AR A P, 3 17 R 4R T G S R . ot
S BEAR TIO, BAR HAT B B AL I A (AR
T2 4 B 1S PR e e o 5l P 45 1) . Rt
Qe A e A T [ Ry T 5 B

LI E 25 J 22 W], 97 750 f) — 2 90 oK 55
WKL AT DK K R KA 45y
T AT (R T 5 PR e B e g RS 2807
BLAT A G N A T i e T B SRR T o T
FE— 2B 5 A 700 X €2 R R B 14 )
WP AR AT T R ek . 238
B SREA TURBA YRR L 5
SIRUUR T ERZ RS, 54 R U
BN — B T BT A0 D 1. AS RS SR JH B
WA AL AE BRI IR I TiO, K& 45, T
FUFIBIR L UUREE B 46 T 5 428 Pd 94 K T
Wik TiO, GAAAF S, T 25 58 T YU LR St
TRURF 1] XoF 24 > A5 S A A B ) 2 . BB B
T R it L WA A 45 SR R W 20 R L B
JCHEALTE T, I 454 SEM XPS & DRS X Hi4 4
B EZSHEAT T 00T, W T Pd 90K S e i
TiO, 94K AS B AL T PR 25 (O LR

1.1 #FE5iRH

ERYA (Bl > 95% ) W A KU J1 S b RE A
AR R UK %A A BRA . SR LKL
P AL B T ST B R R i A ) Oy [ 2 4
3t 2l Ak 22320, SE86 FHKCh 4 B K.
1.2 Pd/TiO, HREFEF S BIRA Fl &

KPR AL EEAE Ti 96 (40 mm x 10 mm x
0.5 mm) FJRA7AE R TiO, PIKERESDEHR. 2
VLR, BRTEAR IR 23 N 7K S B 2 B F oKk
7 VEBR M 10 min, SR 5 E IR R (@(HF) :
@(HNO;) 9(H,0) = 1:4:5) fp 2740t 30 s, %
JE A B A H o g T, . T 40 Tk
B BRTE N PR, Pr 7 B, 7E 0. 5% (Tt 43
B0 FACELFN 60% (PRFRAE0) H i 1K R &R
H R T AR 8 k. ELTR HE RS 20 V), S IR Sy
2 h R OB 58 UG, B T 25 B K R A e gk
JEET 105 CHAH P T4 h, &5 TSy h
500 CiR K AbFE 2 h 15 TiO, YKEBEFE K

(it} TNTAs).

Pd 42K A& 1 1Y TiO, 94 K 48 B 31 Ot v A
(iCh PA/TNTAs ) 5% FH B # B 0 R A s il 5
PR AR L 1.0 x 10 7 mol - L™ & {5
0.5 mol - L™ B ER 4N AV IR A N ULRUR, DL L id
iS4l TNTAs HLAR R AR, Pr 5K B AR , 760 1
HORHM (SCE) S k. 78— HL R R HLUT
TR I 1] 5, 258 17K R B gk T, I
JGF 70 CTFEZ T4 4 h BIAT 175 Pd 9K s
Ml TNTAs SGH .

1.3 R{E

KA Quanta 200F {4 H, I 45 ( SEM) X
FEHUR AT FRMIE M 5%, X - G4 T RE i
(XPS) M3 7E PHI - 5700 [ 47, X SR
Al ka(hv =1486.6 eV) 4k, LIUARTE Gtk Cls
(Z55HE =284.6 V) fEREREALIE. 4041 — W] L&
St (UV = vis DRS) A 7E UV -2550 LikfT, LA
BaSO, /EZ LUALIE.

14 SefEpiEEnix

LR L5 (MB) 19 8OFH ' A A 15 A o PE A D'
H B R DA AT 1, e A v TR 7= W 5 A . D fie
A SR AE B ) O B v e B b AT, R A R
BRSO A SR A s ]
0.5 L min~' RN EIE 1 iR, ¥ Tio,
Yk S EEET 80 mL 5 mg - L™ 1 MB %
W RECHFE 30 min, fR R — B RRF8 S,
TWITEIR (35 W) FaR 1B, 2% 20 min JUFE—
U R 50 - AT L4356 EETHl i 7E 600 nm 4k
(A RAAE TR S (AN MB. (1 o i vk 3. A R0l
it (po = p,)/po WL, Her po Flp, 5351 R S b 0 o
B[] MB ) Jo 2t ok

[T 2
a Ti0, K&
« Pd 42K 4

Bl kR RREE
2 BR5®
2.1 SEM %4
€2 J TNTAs FiI Pd/TNTAs Y H1 1% ) SEM
/. 1B 2 (a) T LA M, 40 TNTAs % 2
120 nm, B EES 20 nm. f[&1 2 (b) Al LU Y, B
HL TR A i TNTAs 19 3% P 50 & A W f A8



- 38 - R BT

s

AN

$45 %

k. (B %, Pd/TNTAs 4 11 H BT KB BRIE 45Kk
T AN 5], H EAEM 30 ~50 nm AR5 X Fh
AIEIPE B T TNTAs 28 1 4 Ak 19 B e A
— A, BGOSR Pd 9RO A
—HE k.

(a) TNTAs

(b)Pd/TNTAs

2 TNTAs #1 Pd/TNTAs 3£ FE % SEM [
2.2 XPS &1

K XPS i — 20 i B AR L DT AR 1 45 1Y)
Pd/TNTAs JEHIH H Pd 4622 0 25, 45 R #l 3
Jizs. AN Pd3d K520 XPS W] LU Y, K 3d,, Fl
3d, (K925 £ BEST BT 335.3 R340, 7 oV, i% 3
WA B9 R AR Fe OAR 125 71 45 19 PA/TNTAs
S Pd Sy 4 g A iy Pd” R P 48
MAT DATE TNTAs 10 BT B PG e it A
HA, S UL ) B < e T (6 A H - — &S O A
TRARN A58 BIPLAR /D, 32 e A 30 7 1)
FEAI , T AR 2 B2 = TNTAs [ GHEALTS 1
2.3 UV-vis DRS 4#f

N 1SS R UURET IS TNTAs X560 i
PEREMAE AL, X H AT 1 2841 — W] L I8 IS
M, 45 R A& 4 ez, af LU Y, 2l TNTAs 785
HMSEIXA BRI, X E R T A SRR

SERERPES A S YU Pd 2 )5 , TNTAs
{7 56 51 1K A7 18 38 11 96 W g R, 7E 550 ~
700 nm'A L G Kt A5 B 5 1 6 0% i, 06 £ 2 T
620 nm X FE 2 h T4 R Pd 4K R T d -
d BRI 51 RY. P, % TNTAs #E47 2% 1 16 1 i
Pd R AL T 25, 3 8838 T
FEH A UL R . B O IR I R TR 2
Pd/TNTAs 5 LA BLAT 9K BRI 1

335.3eV Pd3d
1500

1400 -

G /s

1300

1200 F =7

332 336 340 344
HitrfigleV

B3 Pd/TNTAs St 5 Pd3d 9 XPS

e N / \JX Pd/TNTAs

0.8

ot

07F TNTA,

200 300 400 500 600 700 800
A/mm

4 TNTAs #1 Pd/TNTAs 3R H UV - vis DRS
2.4 mAREEAE
5 (a) ly —0.8 VL Hs I AN [m] T AR N [] Xof
MB [ 2R 05200, AT LA 1, 050 F 30 min X
MB ({22 BRRAUN 1. 3% Zotq. WAk, bEE P H
DURRBS AR REH , MB [ fif 2820 7 8. XS OB
[a] 4 10 min i}, PA/TNTAs SGHL % X MB 7] % fif
I, BAUR PG T G IR 120 min XF MB (1) [
fif 3838 71 4% . JE— P I B TR ], MB. ) [
fif ZE BT PR A 3 320 P Ry W URR N Rl 3 4, 7
TNTAs FAEH ) Pd 49K A1 2, St A B 17
IR IEFE M Schottky # &2 T 17 3R 1) £ & b, il
KI5 28 7O E A, NGRS
B T2 PR A I E] K I, 7R TNTAs LT
FUURR Y Pd G oRRL T 0k 2, AT B R T
TNTAs XSGR, 1800 1564 B — 25 70
AR A, S P NE ] DU AR 2R



5510 4]

FAESC, 45 Pd 9K B TiO, ZKAE FEF G R B i 5 bt -39

TR G Gy, 38 T RAAE TNTAs 2 1 4l 3R %5
7 IS S W R A DL e A SR A SO, AT
REAR I D At Ak 1 BE. X AN (W) Fig T AR ] R Pd/
TNTAs [Ffig MB 18R #4705 (8 5 (b)) AT LA
&, Pd/TNTAs [&f# MB £74 L — H( Langmuir —
Hinshelwoo ) 81— 2 [ 1¥j 5 J3 2 B0 e 0 B
10 min B} AY Pd/TNTAs [&f# MB A% 3 2 5 S
+,20.010 15 min'.

1
1
10 F i
1
|
1
08 N
: AN
g WA — = B N
2 0.6 - i~ lmin <«
\ ~* 3min \\
! —A— 5 min - \;\\
0.4 - i —v— 7 min « \\’
v 410 min .
t>15 min N
0.2 L ) L 1 L L L L
-40 -20 0 20 40 60 80 100 120
t/min

(a) AN A1 v X AP 42 ) 2
INAETRE P Yibuiee St QIR 4

t/min K p/min™ R?
L85 = 1min 000422 099744
S 3min 000459 099517
L5F % Smin 000584 099775
Y Tmin 000782  0.99567
12} : 10 min 001015 0.989 14 b
~ 15min  0.00856  0.996 19 -
< -
S09t —
= : )
| -
0.6
03
0 = 1 n 1 n 1 n 1 n 1 n 1 1 1
0 20 40 60 80 100 120
t/min
(b) B £ ik
5 -0.8VEAETRMEXNBEERERENIINR
FHHFEH Lk

2.5 MAREEHEMm

&6 2 10 min AN [F] AR OFR AL He X MB [
RS2 . T LU 1, Y6 B 120 min, 45 TNTAs
X MB 1 B fif AN R 48. 7% . SR 0T, 7E TNTAs 3£
1 U T St A e Pd 9KRLT S G T
EH0R. BE A TR R T, PA/TNTAs G HL )
(G AL TG PR T . DR S - 0.8 V
ff, PAd/TNTAs St HE RO MB. 1% [ fiff 6 5 A B4
KBAYE T B 120 min %F MB (%) % fif % ik
71. 4% . JLAh, 3 — 204 m B AR DU R, MB Y
Ref At 3 S T R X AT BB T U0 L e R
ST 2T )E Pd 9K A . 2 Pd
T fE TNTAs FR1H ™ Fs2 00 T XG4

A HLF — 25 SRR D, e 2 T BOB AL TG P
TR HE 6 (b) ATLLE H, AFETPIFHEE T Pd/
TNTAs Xof FH 0 1 B A 8 A 5 40— SR L 3l
SR H IR R R - 0.8 VI 38 W0 3% 5k
K.

1.0+
08
g L
£06
oV
I ——-02V
04 P —A——04V
! —~v— 0.6V
< =08V
—» -10V
02 40 0 40
t/min
(a) AN[RITTRH Fit 4o AR AR 25 14 52 0
HAY R A R AL
U/Iv K. p/min™ R?
2o b 0V 0.00422  0.99744
’ * 02V 0.00459 099517
| 4-04V 000584 0.99775
16 v_06V 000782 099567
<_08V 001015 098914 .
=12  »-1.0V 000856 099619 %iﬁ
A8 &
= g
| //?f%/ B
e

80 100 120

t/min
(b) Bl Jy2¢h &k
6 10 min Bt ARERFREEXS FEEREREEN K
N FE &
3 % @

1) SR FH B SRR R AE Ti §6 E A B TiO,
YOKRAEBES , T B4R F OB B il 4% T 5t
&)@ PdEHERY TiO, 9K EFDGHIL.

2)SEM F1 XPS 45 5L, Pd 9K FA A5
EMTE TiO, YK FEFI 16, HLLL Pd” B 3077
1. DRS 4314t g2, Pd gokbr 1640 B 21 w5
T TiO, GRS DGR AT WG PERE.

3) SR IR S - 0.8V, YL ] 2
10 min B Xof YRR W5 14 ' 8 b R A 8OR B, ELAF
4 L - H( Langmuir-Hinshelwoo ) ) — % Jz i 81 11
2ERE AL AR BHYE T G IR 120 min X HE 3L 5 1Y
FEfRRATIR T1. 4% | J&406 TiO, 4K RES L)
H 1.5 1%



- 40 - MR

SN AN

$45 %

5% it

[ 1] FUJISHIMA A, HONDA K. Electrochemical photocatalysis
of wastewater at a semiconducting electrode [J]. Nature,
1972,238. 37 -38.

[2] JOUNG S K, AMEMIYA T, MURABAYASHI M, et al.
Relation between photocatalytic activity and preparation
conditions for nitrogen-doped visible light driven TiO,
photocatalysts [ J ]. Chem FEur J, 2006, 12;
5526 -5534.

[3] SHIN K, SEOK S, IM S H, et al. CdS or CdSe
decorated TiO, nanotube arrays from spray pyrolysis
deposition; use in photoelectrochemical cells [ J].
Chem Commun, 2010, 46, 2385 —2387.

[4] WANG J, ZHANG W D. Modification of TiO, nanorod
arrays by graphite-like C;N, with high visible light

photoelectron-chemical activity [ J ]. Electrochimica

Acta, 2012, 71, 10 - 16.
HENSEL J, WANG G M, LI'Y, et al. Synergistic effect

of CdSe quantum dot sensitization and nitrogen doping of

[5

[

TiO, nanostructures for photoelectrochemical solar

hydrogen generation [ J]. Nano Lett, 2010, 10;
478 —483.

(6] Whrv2r, Bk, R, . 90K TiO, ARk 5
REVDCBRE [T BBifhaaa4l, 2003, 19(7)
635 - 640.

[7] KOHTANI S, KUDO A, SAKATA T. Spectral sensitization
of a TiO, semiconductor electrode by CdS microcrystals and
its photoelectrochemical properties [ J]. Chem Phys Lett,

1993,206(1/2/3/4) : 166 —170.

[8] BAMWENDA G R, TSUBOTA S, NAKAMURA T, et
al. Photoassisted hydrogen production from a water-
ethanol solution: a comparison of activities of Au - TiO,
and Pt — TiO, [ J]. J Photochem Photobiol A: Chem,
1995,89(2) . 177 —189.

[9] CHENG X W, YU X J, XING Z P. Characterization
and mechanism analysis of Mo—N-co-doped TiO, nano-
photocatalyst and its enhanced visible activity [ J].
Journal of Colloid and Interface Science, 2012, 372.
1-5.

[LO] 3K, MRS, JRIANNL, 45, Ag/TiO, KA iyl
SIOCHEACTERE [J]. A S Jm AP RS TR, 2009,
11(38) . 2012 -2016.

[ 11]SRIVIDHYA K, BRUENING M L. Muhilayered polyelectrolyte
films containing palladium nanoparticles: synthesis,
characterization,  and selective
hydrogenation [ J]. Chemistry of Material, 2005, 17
(2): 301 -307.

[12]MOULDER J F, STICKLE W F, SOBOL P E, et al
Perkin-Elmer corporation physical electronics division
[M]. 2nd ed. Minnesota: Eden Prairie, 1992.

[13]CHENG X W, YU X J, XING Z P. One-step synthesis

application  in

of visible active C — N = S — tridoped TiO, photocatalyst
from biomolecule cystine [ J]. Applied Surface Science,
2012, 258 7644 —7650.

[14]HOFFMAN M R, MARTIN S T, CHIO W Y, et al

application of semiconductor

Chemical Reviews, 1995, 95.

Environmantal
photocatalysis [ J ].
69 -96.

(#Fm4E 1 #H)



