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Study on preparation and property of Ag/TiO, nanotube
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Abstract The titanium ( TiO, ) nanotube arrays ( TNTs) prepared by electrochemical anodic oxidation as
substrates,a series of novel Ag/TiO, composite films were prepared by chemical reduction, then the samples were
characterized. The results showed that Ag nanoparticles were uniformly distributed upon the surface of TNTs by
chemical reduction,the presence of Ag could result in surface plasmon absorption, effectively increasing the visible light
absorption ability of TNTs.The photocatalysis results confirmed the benzene-degrading effectiveness of TNTs modified
with Ag nanoparticles, especially, TNTs loaded 2wt% Ag showed the best activity with high benzene degradation rate
(97 %) in 80min photocatalytic reaction.

Key words Ag/TiO, nanotube array,chemical reduction,surface plasmon resonance, photocatalysis

FERPEA HALS W (VOCs) 7E K S i) I it
L2 0 %5, J& PM2. 5 H1%5 56 1) B 2R JR W), 7™ 3 Ak
o NSt BRI AR AR IR BE L A AR T T A%
1 32 KRR A 0 2 s g W 0 HE B, PO A R
VOCs SRR SRR BN M . TR £
6 B A H L R i L R S VD JES 0 ' Ak B R AR
N HA G DL T R M G RE TS Y
(4 oK — AR CTIO, ) 76 A Ak 40 38 75 31 K2 11
KR ABRY R A TiO, A Y R AR AT v K M
DA 2 Il i 56 5 o5 i 24 7 L g S . B g
[vi] B EL A AT D 13 K B [T ) T1O, 49 K A Ak

MEAEZENE L,

SR FH 5% 4 T8 90 oK R 2 7 A5 128 35 o0 S 4R 8500
KT WA B O AL R, SEEE T R SRR
BHTE AT DL BT 2T 41 DX WO iyl BHIEA B
KA 5] 1 2 G A 2 A T B 4 J8 90 K Uk £ 1 A
IFi) 1) 2 1T 45 B T MO A A B RHIR R X 4ok
TiO, MU T EZE R TEE (A (& (A
AN (PO AE Bt & JE AL Horh Ag 94K BURL P
ICHE AR A B i 2% T2 ) B 45 I A Bk T iz
FE AR JE R A ) A A — o R AR BT

SIS A

HEEWMA ERARPER 4 (51275250 ; T TH H AR # 5L 4: (2015A610103) 3 “ T A I B 61 5 4 " % B (2017019)

FEB B AH (1996, 55, W+, FEMNFHUK B BT 5

BC R AR (1983-) 2L ok R E8R , EE NGO AL I REAE BT 5T



5 2 1 K OKAE Ag/TiO, WRAG W5 45 8 T HOu A B84 ) 2 K Mk RERTT 5T .« 123 .

A 5 LA HE S B A K b 2 i B L 5 ik
IR TiO, 99K 45 P 5 3 B Sy 5505, >R A TR ARG
38 ik Ag 91K R 1 518 1 2] TiO, 44K
BRI A EE F LB Ag/TiO, &4, %
ZRRIE T X ANE & Ag B Ag/TiO, &
A MBI RAE I L VOCs Sk b B R Fe bk m
SAHZRAE N H AR R, 5 5 HOG RS

1 SLIEEHS

1.1 RXFSMEE

KR (B 99.5%0) . &AL A &R A RA
Al B ER AN L FAL AN L T R A R AR L K R A
rAfrat) (L8 oK B 254 AL A iR A R 2 A

HA R IR (PINGGUOWY]J &), Bl i 52
A g A BR A W) 5 95 B 48 A (CXL-05-15-20 #) ,
B8 Z ML R BB A B S w5 B TE R R B g
(85-2 AL, & In Tl Kb B Zh AL AL 2% T 5 X 5 LAt it
% (XRD, X-Pert Pro &), 3 [H Panalytical 2\ @l ;3%
K HHAHE R T MU (FE-SEM, JSM-6700F %), H
A 2\ F] 5 Ah-AT OO % Y (UV-Vis, U-3010
R B A D1 3 a5 AR A BR 2 | A 5 (GC-
9560 M) A F Ak A Hr E AR AR A
1.2 #H&EH&E

SR BH B 44k % FRB 0. 2mol/ L i R 44 AN
0. 5% (wt, it it 40 50, T [FD S04k 40 1 T8 = B2 TR
.20V MR 6h. il 15 TiO, 94 K45 B 51
FF % T RE 46 R (CXL-05-15-20 #, & JE 2 A1 #l
AR A PR 2 7)) 450°C , 2h $uab B L B A5 5L
TiO, 49K 4 B 5  (6cm X 10em X 0. 10mm) £
Mo ¥R TiO, 94K BE 2 3 I8 i & T O G & 4F
(IR T R T BT I R 2 T RO R Bt
TG BEPE RS (85-2 AL, & ¥x i Kb @ sk ERT )
PEFEI 5] R ) Ag 91K ORI A1 BURLE TiO,
YK AE 50 B P9 A BRE b 3 S 9 R R AR AR T TR
oAg I E R 1%6.2% 3%, wt, JiT it 4r 4L
T ED X GO AT RS Ag AN R R
Ag/TiO, & A,
1.3 #HmEymik

FH X-SHR AT (XRD, X-Pert Pro %, 2 [#
Panalytical 23 5)) X AL 5 AT 0 AH 0 M. R &
S B F 8 (FE-SEM JSM-6700F %1, H 4
bILE /NTIDPUE ~2 = TN UPIZ TS I & ) SIS i ¥ 1
(UV-Vis, U-3010 #Y, J 4R DT 1k A 45 A7 BR 2 7)) X
B dif 6 R S R AT K

AL B A SRR MR . 7E 1 Y 2 A
AP HEAT R A B35 (GC-9560 79, £2% (4
TE AT E ARG B 7D R 2R AT CO, By e % ]
e SL N R, 2 125W 1 R AT T
BE AR OGTR 38 o H B35 A 4R e £ X 25 4 Y
T AT (120°C) , BE AR PN BH AL 180em”™ 1 7 i
FE & e AT — o I E] B O B RE A AR T CO, ik
FERGE T W — o R T A AR IR AL B R
[E] 58 AR ZE VR W) 4R W B O 480mg/m’ , B [H] i 5min
BT YRR 5 R AR B CO, Y e 2 Bt s (7] 14 28
b5 DAL 25 5 5 10 6 A AR T

2 ZR5iTiR

2.1 XRD ##7

Ag RIF ol Ag/TiO, &4 MM XRD i
FIDLIE 1, MR LA L B TR Ti FIBL e A8
B TiO, fit §F 0555, 20 76 38. 2°.44. 4° 64 4°4b (4 i
SR T IS Y 2 ST T fm R Ag 1 (111) ., (200)  (220)
#il TR 10 B R FH A 2 30 D0 T AL ) 499 oK JBURE A T
LT R R MR Ag, HLAT G 0 38 5 B W T Ag
TR S 1) 38 0 T A 1 a8 L H 387 A — 1Y) T8 Ak B
S VTR Ag ORL FEE 4NN

M erptirin. M E 2 P X
\mb&:&f =
\«.—...JL\-\L_A_L_L A A b
N a
10 20 30 40 50 60 70
20/(°)
1 Ag AFEEERM Ag/TiO, B AW EK XRD 3% #
(a4l TiOs; (1% Ags (2% Ag; (D)3% Ag]

SRHE/(a.u.)

2.2 FESEM & #7

Ag ARG R Ag/TiO, &4 W1 FESEM
I 2, MIEIAT DUE H L UTEL ) Ag 94 K B0k 24 5)
WFAEHNT TiO, 90K 4 M5 1 N AP EE -, O K %
IR B () B S5 4, FL B 2 DORR o 1 15 s Ag 9 K
WA ERATH K E Ag SR 1% WHE 2
(b I T . Ag 91K ki B4 ) 8~10nm; 7£ Ag
N 2% LW 2Co) I . Ag Ok AR 1 Ko
>10~15nm; £ Ag &N 3WLIWE 24 M
T, Ag Bk HRME>15~20nm. I HEH K EE
FH B 2 i ZE LA TS 9K B R AR /N X
T 2 5 ) A K A I ) R RS Y A TR R A R S A Ak
PERE .,



e 124 1 T 8 B W4T

2 Ag ARG EM Ag/TiO, E &M IEK FESEM &
[Ca)ali TiO25(b)1% Ag;(0)2% Ag; (3% Ag]

2.3 UV-Vis & #f

Ag A& EY Ag/TiO, & & MK UV-Vis
WEEILE 3, IEETLUE L4 Ag 90K Uk B 5
1 Ag/TiO, &G i BEF WO 38 Y W 46 Jg 2= ] I
JEIX X ULEA Ag 40K BURE B 15 TiO, 49k
FE 7 A S T RS IR O L PR R R T R TiO,
4 T UL St o 7 AW IO 3 A AE — S I B G
X2 R T 3R 98 K B I 8] 0 R R 45 T S Ak A,
DL Ag HRN 2% Ag/TiO, B4 Wl AE ]
JGIX 6 M v i fe L UL 4 B Ag KSR T
RGN B 77 A B B T Ag 40K UKL
B R TR b i A 40 oK TR B4 A& i e R
SEXE Ag/TiO, & A B AT 0L e Ry Y A8+
g3

200 300 400 500 600 700 800
PK /nm

B3 Ag RIFE R Ag/TiO, &MY UV-Vis i
[(a) 4l TiO2; (1% Ags (2% Ag; (3% Ag]

2.4 WSHERARELEBIHT

Ag R & HA Ag/TiO, B A MRS AR 1)
Ffrh 4 WL Il 4. IR AT DLE 1 280 i b )
80min J5, Ag TS AN 1%.2% F1 3% ) Ag/
TiO, 55 RO AHE T e A SR R 19 25 B3 23243 31
8596 .97 % F1 90 % . & 4l TiO, Y 2 Bk K (48.5%)
HU ey, Ut 2% Ag B Ag/TiO,

526 RGO A b B A AR R I T P e 1 B i b
REf T . Ag/TiO, &G W M5 X SCOR 4 1Y B i 3o 2
TSR R X 2Ry 0 PR R B AR O O B
KA -2 7O B e OH L - O 8 5 [ i 5k
P RIAAT IF 35T Az B — F 5 0 v (8] e Y O e 4
B CO, . 38 2 fe /N IR IE AT R LG, ]
SR RN R R B, 4l TIO, Ag SN 1% .2%
3N IR Ag/TiO, & G W IR 1Y Sz 0 3 2 043
5 K 0.0089min ', 0.0256min ', 0. 0419min ',
0.0341min ', X2 Ag K BRIAE TiO, HAKE
RIS i TR S T A A R NS 1 A
T Ag/TiO., & A& i B AE 7T W6 X8 A Rk
W AR Ag AN K ORI 2 T S B T IR LR £F: Rl
& e O IR G WU, AT S 5 T R TiO, 7 AR
L =23 Y BE 0 TR A S B S S B T O A R R
B 5 1 N R RE B AR B LR THO, . ¥ m T
TiO, KA = B H A7 2800 Y A2 25 vk B2 L DT A1 7l D'
AL F-A AT XA R T O AR AR 1Y
Fk . Had R Ag B (Ag 4 3 %) K 1 Ik
TiO, PR 35 ZE  BEAR T JCAE QR P i A IR
JEE RO B RIS Ag/ TiO, & A #E B
JEM R . B i Ag WIBUE TiO, 99K R,
) | WD S R e RN A B T 2 B T S R
T8 A A LR g kDY A Ag/TiO, &
B BB e 1 1 P T IR

09 =

0.8f ——c

& 0.7f
- 0.6
* 0.5}
g 0.4F
& of
0.3F
0.2f
0.1}
0.0

20 40 60 )
B} ] / min

4 Ag AFEEED Ag/TiO, B & WX S AHER

I ik 1t £&

3 i

P TiO, 99K FE 51 9 2R . ok AL 4 30 3k
HEIIHIAT Ag/TiO, H0K A FESI 4 W8 Ag 94K
UKL 5] B 5 2 24 K A B 9 Sh BE L HLUBORE RS B
DURR S A 38 T g 3 Sle W i d Jie 22 mT LD IX, 156
Ag QORIIURL = A T 3R 100 A B 1 A IR IR B0 . HL 5
5 Ag BURLRRST R ER A 6. 1EGAE AL BB
80min 2 1F T, Ag A 20 #4151 Ag/TiO, &



Feol K OKAE Ag/TiO, WRAG W5 45 8 T HOu A B84 ) 2 K Mk RERTT 5T < 125 .

%Zﬁﬁ%%fkﬁ%%%*ﬁ% ] %%%ﬁ@] 97 % , HAE mation under irradiation of visible light[ J]. ACS Catal, 2013,
BEUF ) A TR A B 3:79-85.

[11] Shiraishi Y, Tsukamoto D,Sugano Y,et al.Platinum nanopar-
%%iﬁﬁ ticles supported on anatase titanium dioxide as highly active

catalysts for aerobic oxidation under visible light irradiation
[1] ZouL,Luo Y,Hooper M,et al.Removal of VOCs by photoca-
[J].ACS Catal.2012,2:1984-1992.

talysis process using adsorption enhanced TiO;-SiO; catalyst
[12] Zhu M S,Chen P L,Liu M H.High-performance visible-light-

[J].Chem Eng Process,2006,45:959-964.
driven plasmonic photocatalysts Ag/AgCl with controlled size

[ 2] Zhang Y H,Xiong G X, Yao N.Preparation of titania-based
and shape using graphene oxide as capping agent and catalyst

catalysts for formaldehyde photocatalytic oxidation from
promoter[ J].Langmuir,2013,29(29) :9259-9268.

TiCl, by the sol-gel method[]].Catalysis Today,2001,68(1) :
[13] XinBF,Jin L Q.Ren Z Y,et al.Preparation and activity of

89-95.
Ag-TiO> photocatalyst with multi-valency state[ J]. ACTA

[3] Alberici R M,Canela M C,Eberlin M N, et al. Catalyst deacti-
Chimica Sinica,2004,62:1110-1114.

vation in the gas phase destruction of nitrogen-containing or-
[14] Shi H X,Chen J Y,Li G Y,et al.Synthesis and characteriza-

ganic compounds using TiO;/UV-Vis[J]. Appl Catal B Envi-
tion of novel plasmonic Ag/AgX-CNTs (X=Cl.Br,I) nano-

ron,2001,30:389-397. . . .
composite photocatalysts and synergetic degradation of organ-

[ 4] Hoffman M R, Martin S T, Choi W Y, et al. Environmental
ic pollutant under visible light[ J]. ACS Appl Mater Inter-
applications of semiconductor photocatalysis[ ] ].Chemical Re-
faces,2013,5(15) :6959-6967.

views,1995,95(1) :69-96.
[15] Bai T T,Sun J F,Che R C.et al.Controllable preparation of
[ 5] SunB,Reddy E P, Smiotis P G, et al. Visible light Cr reduc-
core-shell Au-Ag nanoshuttles with improved refractive index
tion and organic chemical oxidation by TiO: photocatalysis
sensitivity and SERS activity[ J ].ACS Appl Mater Interfaces,

[J]. Environmental Science & Technology, 2005, 39: 6251-
2014,6:3331-3340.

6259.
[16] Watanabe A,Kotake Y,Kamata Y,et al.Photoelectrochemical

[ 6] Awazu K,Fujimaki M, Rockstuhl C,et al. A plasmonic photo-
behavior of self-assembled Ag/Co plasmonic nanostructures

catalyst consisting of silver nanoparticles embedded in titani- ) )
capped with TiO:[J].J Phys Chem Lett,2014,5(1);25-29.
um dioxide[J].J Am Chem Soc,2008,130:1676-1680.
[17] Christopher P,Ingram D B, Linic S.Enhancing photochemical
[ 7] Wang P,Huang B B, Zhang X Y, et al.Highly efficient visi- o ) ) ) ) )
activity of semiconductor nanoparticles with optically active
ble-light plasmonic photocatalyst Ag@ AgBr[J].Chem Eur J, ) )
Ag nanostructures: photochemistry mediated by Ag surface

plasmons[ J].J Phys Chem C,2010,114(19):9173-9177.
[18] Liu B S,Nakata K,Liu S H,et al. Theoretical kinetic analysis

2009,15(8):1821-1824.
[8] YulJ G,Dai G P,Huang B B.Fabrication and characterization

of visible-light-driven plasmonic photocatalyst Ag/AgCl/ ) )

of heterogeneous photocatalysis by TiO: nanotube arrays:the
TiO, nanotube arrays[J].] Phys Chem C,2009,113:16394- .

effects of nanotube geometry on photocatalytic activity[ J].]
16401.

Phys Chem C,2012,116(13):7471-7479.

[ 9] Logar M, Jancar B, Sturm S, et al. Weak polyion multilayer- ) )
[19] Valentine R A,Manikandan D, Divakar D,et al.Effect of dep-

assisted in situ synthesis as a route toward a plasmonic

osition of Ag on TiO; nanoparticles on the photodegradation
Ag/TiO, photocatalyst[ ] ]. Langmuir, 2010, 26 (14); 12215-

of reactive yellow-17 [J]. Journal of Hazardous Materials,
12224,

2007,147(3):906-913.

[10] Tanaka A.Sakaguchi S. Hashimoto K., et al. Preparation of N
Wo#% H #1:2017-09-22

Au/TiO; with metal cocatalysts exhibiting strong surface N
&R BE#:2018-11-06

plasmon resonance effective for photoinduced hydrogen for-

B e S e St S S B S S e S e S e S e A e S S e s e at ST S

P W A (AT A A M A), LA F 82—816,
P 2019 F 2 F 2480 4/ F 6 AL 240 24/ F B 240 £/ F

X
X

s e

e
e re e

x
X,





