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Preparation of Bimetallic Titanium Dioxide Composite and its Application in Water Treatment

HAI Zi-bin, KUANG Wu ( Anhui Academy of Environmental Science Research, Hefei, Anhui 230071)

Abstract [ Objective] To prepare the bimetallic Au-Cu nanoparticle modified TiO,, and to enhance photocatalytic activity of TiO,. [ Meth-
od] Radiolysis was used to synthesize Au-Cu NPs colloid, which were deposited on the surface of TiO,. The prepared Au-Cu-TiO, composite
was characterized by TEM, UV-Vis, DSR, the photocatalytic performance of which was evaluated by degrading the target pollutants rhodan-
mine B and phenol under UV or visible light. [ Result] The TiO, loading NPs had the smallest mean size of 3.8 nm when the ratio of Au/Cu
was 1:3, and the composite had the highest activity. [ Conclusion| The bimetallic Au-Cu NPs had higher efficiency than that of Au in photo

induced electron trapping, causing the enhancement of photocatalytic activity of TiO,.
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1.1 3RF  —HEAER(TiO, P25 50 m’/g BiskA 80% 441
A1 20% ) W S5 T f [ R A Tl 4 A1 (Evonik ) 5 4 4 R
(HAuCl, -3H,0) 8% FHAE 4 B RTIRAA , W35 F EFIES Acros 2%
Al Jo K &AL 4 (CuCly) W [ F Rectapur A w); 2 FF 8 B
(RhB,Cy Hy, CIN, O, ) F12 1 (C,H;OH) ¥ § T Fluka 2%
F) 5 RNGTR (PAA KA BB 508 60% ) , TR CJ i (PVA,
SIHTEiAE B Aldrich-sigma A H]) 5 B 4EA/ (22 & /T
1% ) FESIM A T2 B Ak 2 SR (Air Liquid) |, 53531
FH 8 BEAT AR S SR SN A SO B R <
FBEFK(Milli Q, HLFHH18.6 MQ - em) ,

1.2 {88 iB5TH T 5% (TEM) :JOEL JEM 100CX 11, T.
YEHLHE 100 KV ; 35435 53 H2 7 W 8% (STEM) : JOEL JEM —
ARM200F, T f Hi £ 200 kV; 28 4 — 0] Ul 4% % % B 3t
(UV —vis) : B3 Agilent #1451 8453 U6 N4 5 18
B 6 C BT (DRS) : Cary SE 7366 BETHIN &, B &5 1
Cary 4/5 1 53K s N, W — JIAR - N, R BRE — Mot il ki P
Tristarll 3020M %Y % i 43 7 1%; BET ( Brunauer — Emmett —
Teller) L, 22 T FUR H 22 4519 BET J5 3300 % , A8 % i 3 (P/
Py) 3 0.07 ~0. 20 ; 3 T 0 BiF 55 7 28, FLA2 RS 3 HEH BET
L ZE TR 4y B{d ] BJH( Barrett — Joiner — Halenda ) 1 BET J5
P IR BRI 5 (TRMC) < 2E5MBOGIHUK R Tio,
HLAT BRI O A5 v TRMC Bl

1.3 iEGHERIE Au-Cw'TiO, E&#R X FHl& Au -
Cu 1: 1(1: DXFR; T Auw/Cu JFFH ) S04 & Jikr {4, 1. 90 mlL
A B W W (10. 0 mmol/L) 1 1. 90 mL 4 1k 4 % W
(10.0 mmol/L) 435I AZF] 25 mL 258 )firh . B/E A S mL
BNMEIR (0.5 mol/L) A 191 pL SN, Nk 2 A 2L,
2 EIRA WA RN COROIE AR B 88 0, 32 Ok
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N, Y15 ming i Au™ B TRGAUR, FIRGAARaAE) T 1
Wio SRIE RSS9 DO v 48 5 R, SR ik oy
1.4 kGy/h, y FREFIFRARER 7 000 C; 9% Co 8, SR
AW 30 1.9 kGy/h y AR S h 2555, 13 23R G
BSOS

FRBEHBUBTAS IT-5 B SR AR AR AR B P25 |
TEBARIE W T MA S mL 5 ZAf (0.5 mol/L) Al 1.00 g
P25, ZJESBEERE IR, 24 he BURGE U , B0 4 B ULIE
W1, R B D LLBR 255 B 5 20 7o AHEI A5 6 Au
- Cw/P25 54T 60 C 4 24 h,

Ki Au = Fl Au — Cu GPRRORAE T P25 Bl BEAT AL
Bl AR T ERE, SRR TE 500 C IR (£ 100
mg FEALTRIRE i, B 100 mL/min , 25 S Bebe Tl
A5 C/min SRIF AR 15 min, 55 F 500 CF &L 5
15 min) o RESE UG, fRE S AE BRI T AR R E
i, B e AR A, R
1.4 StfEd LR
L4.1 JCfEfLRefi 2 P B, SN2 #8405 L 60 L ARDE AR
7910 mm, ZERIE 4 mL, IR BRI IR
0.1 mmol/L () RhB /K¥ ¥, ¥y A Bt ik &5 RhB ¥ W (R B
A 1.0 g/ Lo QUSROS AT 30 s, (OB AAN T
/INURL, LR T3 BEFEEIRA 15 min, LLSZHL RhB /LA
PR — 2P (ki Bt 10 min (4%

Hb = AT ISR ) B 100 min (AT WLOETR)  [R) I A T8 U SOMIBG
JiEk . QT [ E B 1] A He LI R 500 L /RE, 25
OALFRBR 2 AR BB, © 7 A # B % RhB (% b3 W Al
UV —visilI2, SRR 520 ¥ 3 g 273 b W37 T 554 nm 4k
LT IEE
1.4.2 UL . SOUMREm S P B il s
AL, AR R LRV A 0. 2 mmol/L, N [F] Z AMTE T 4L
WORH 3% (HPLC) H -0 5 A0 1R

{#i ] Varian Prostar 230 =J0EHE R 47047, 454 Pros-
tar 330 Sl L AR RN &5 (D2 lamp ) , YEME (6 HI 102 75%
H,0 1 25% P4 2 B TR BE W 3 AR, Jii# S 1 mL/min,
E 270 nm A0 7 B R ) R By R ep ) 24, (S AR Ad-
sorbosphere C18 [ #1#}: (5 wm,1: 150 mm,ID: 4. 6 mm, All-
tech) , 454 All - Guard cartridge 224t , TM(7.5 mm x4.6 mm,
Alltech)
2 HBRE5HW
2.1 SEBESE FERIE A RS LR 1, BT
MR 0.50% 1 Au JUFRTE P25 I 4%ic ) Auw/P25, Au -
Cu W45 J 18 M 1) i A6 55 Au B2 6 7 30 0. 45% , Cu Oy
0.05% ,Au/Cu FYEE/R FEoh 301 IZRE S 2 S AuCu31/P25,
[FIRER 1, P25 113k T 0.38 wt. % Au #10.12 wt. % Cu,
0.25 wt. % Au F110.25 wt. % Cu,XLEefE Sk Hl4r 42 R Au-
Cull/P25 #1 AuCul3/P25,

F1 EREAH Au - Cu FRBAEHRE P25 # &
Table 1 P25 sample modified by Au — Cu nano - particles

SefEfLH) Au/Cu FE/R I 4B ATIRY) &1 Content of metal precursors //wt. % “TEM 4 J& S0k R~ ]‘T]/Z
Photocatalyst Au/Cu mole ratio Aw/P25 Cuw/P25 “TEM metal particle size //nm ns
Auw/P25 1:0 0.50 0 5.8 22.7
AuCu31/P25 3:1 0.45 0.05 — —
AuCul1/P25 1:1 0.38 0.12 4.4 55.4
AuCul3/P25 1:3 0.25 0.25 3.8 36.3

VE s Fon TEM 2R BRI < FUIAC P (Nano measurement) - T I ;b Zom 7, - TRMC 15 3 1,./2 [RTTAL, A P25 ) 7, 88.9 ns.

Note:a represented TEM metal particle size;which was manually measured by software Nano measurement ;b represented 7,,, , TRMC signal intensity was the

time of /,,, /2 ;and the 7,,, of unmodified P25 was 88.9 ns.

2.2 HEmRIE
2.2.1 UV -vis 6% 81, LLPAA HE FIHY Au - 5%
Au - CullRIRVE R, S A0 WA e BT R A, &5 R E 1
(HHZk a ~c) FiR. AuCu31PAA #5848 AuCu31/P25 FESHTEDT
FHE P25 7 1 42 J8 AR JSURL I R VA TR . 525 nm A (9 I i U
HUERA T Au - 8% Au - Cu RFUKITE i, HEFERHEZR , /K%
W Au 1 Cu GRS 1) 45 25 1 LR W e e 43 591 A 520 Fil
570 nm, IEA, A% T AuPAA(E 1,114 a) , AuCu31PAA F
AuCul3PAAJa) I IX 3l H 58 A WS B IR E Au — Cu X4
JE KSR AT R AU G AL 4 Ja 45 M T AN 48
Ab - T SCTERE . FBARMELL T8 20 8 4 BURL X 2548 )2 A
SE%sE ABRFTLIAE Au — Cu 49K Bik J 34 B 41 4%

TE PAA/PVA F20E 1) Au — Cu JRARFBURLITRR 2] P25 1]
ZIE R LB AT WIS RAE (B 1, ik d ~ 1) .
FETT T DXk AT W, 106 B b 375 9 T 4 S A K OR, S

A G R BURL # AR TUAR B LR P25 KMo 2841 XA Y i
W i TR E 7 PAA A PVA (77 7R, it 5 PVA .
PAA 5 PVA IRGHOR IO LIEXT L, AT L & %4518 (14

1,k g,h) .
+0 a AuPAA
— — b AuCul3PAA
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Fig.1 UV-vis absorption spectra
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2.2.2 TEM Z3#r. MIE 2 W] LI, P25 R 1H 43 Fi 4 99K
WKL, AR Aw/P25 PP RGER5.8 nm(E2b) o X Au ly
Cu 540, & JRPURLIGF- 3 R FRAK. AnAE & AuCull/P25
F1 AuCul3/P25 (- F-SAPRiAR 53 I REAIR SN 4. 4 F1 3.8 nm, R T
R R IIREAIG, Au 2545 Cu 38 n] (UKL A RLAR 23 A7 BE 3

e
E &%
¥:ab R Aw/P25;¢.d Jg AuCul1/P25;e.f g AuCul3/P25,
Note:a,b were Au/P25;c¢,d were AuCull/P25;and e,f were AuCul3/P25.
B2 S&EHRTREIGR P25 i) TEM K H33 50 f & B Sk R~
Fig.2 TEM images of metallic nanoparticle modified P25 and the corresponding size distributions of the supported metallic particles

2.2.3 EBRHEIESHT. FESHT MU DRS FAE, K
3 AT Au — Cu GRS P25 4840 — A L i 2
RO, 2B P25 1Y DRS WG s Bk
IBERMN . Xt T REMBHRR P25, Kl Jy 398
nm, A5 Y P25 N3] 420 nm A2 A7 X AP RON LAFAE T
Ag - Fl Pt - B Tio, o, HIAH T Au - 8 Au - Cu
YK RIURL YA 15 TiO, Sy AXT T H AN A ik A e
TER . &M i P25 76 0] UL G 9 WO B B AR 1 4 P25
. B e E AL ) Aw/P25 , AuCu31/P25 F1 AuCul3/
P25 [ I (57 5455 K 561.573 1580 nm, 8% Au - Cu
X4 JE T Cu FESR BN, WS04 () Ao B A 1 T 7 1) B8
B, CAFFEERY], Au Fl Cu QUK BURLZE KW 43 51 B
W AB A F 520 F1 570 nm (955 85 HARME G o Pk, T DAHE
sz e 457 AR A R D M A Bl Cu e 38 B3 i 1.
IR 3ol I A e fifp R A 1 i A SR B B €, ] DA SR

Ao XFFHAE Au (B P25, 155 13 nm RRSF R
ZAFAE . SR, A AuCul3/P25 () TEM P44 bk A gE 3 R
SFRF 6 nm 4B kL, BRI, BEE Au - Cu X4 JEH Cu
LU R340, MR P RS 0/ N FLUREAR 3 A AR 1
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Fig.3 UV-vis diffuse reflection spectrum of the pristine P25 and
modified P25
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Fig.4 Relative concentration of RhB solution containing the pristine P25 and modified P25
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b, RN R B 75 A4 S T Cu LA Ay 38 i 1G4
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WM, B R B4 P25V =0. 70 wmol/(L* - min) ] JEAK T

50% .

BT BRI, AT UMD AR AL 7R S A B S A
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TR GHAR . PI, B2 RSz T L2 5]
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T, X EHOR L AT DL SR AT B R Y BT
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Fig.5 The rate constants of the first-order Kinetic of RhB or
phenol photodegradation catalyzed by pristine and modi-
fied P25
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Fig.6 TRMC signals of pristine and the modified P25

15 Ti0, MTEOL T, TRMC 55 0 Tk B 1, RO B
IR AL R TIER 270, K, TRMC 5 5 A FEARR
RATRESE 1T TiO, B 28010 45 94 K DKL X v, 7 R T R
(FHEE) M o X WG AT — B0 T 52 5 A8 X AR
EVERA 4R . X Rl TRMC {55 08 i A I dLfE Ag &
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TE 532 nm (OGO S AETR A RE it A LAV 45 3]
TRMC 55 7ER] WOCHIRES T R B TiO, BeA HHRE
WS, A TURE TiO, 1#Y Au FI Au — Cu 38 94K F0RL ]
DL i A 8 1 ROt 33002 T TR R K e
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Au — Cu 5 J8 9K FORITHE .
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