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Fe-Ti Co- Doped Alumina’ Induced Surface Dual Reaetlon Center for Catalytlc

Ozonatlon to Remove Pollutants fr’om Water Ja 4R
ZHANG Fan" i SONC Yang®, HU Chu 'l:’{(U La1l_* ‘ = &

(1. Key Laboratory for Water Quality and Con@ervanon of the Pearl River Delta] Mllllﬂtly of EdU( ation, Institute of Env1ronmental
Resedrch at Greater Bay, Guangzhou Un1verslty, Guan“gzhou 510006, China; 2. Faculty of Civil and Transportation Engmeenng,
Guangdong Un1vers1ty of Technology, Guangzhou 510006 Chma 3. Key Laboratory of Drinking Water Science and Technology,
Resedr(h Center for Eco- Whvironmental Suences Chmebe 'Academy of Sciences, Beijing 100085, China)

Abstract Mult1pha=,e catalytic ozone oxidation teohnology has received wide attention for its effectiveness in removing organic pollutants
from wafer. However, the existence of a rate- limiting step in the metal oxide-catalyzed ozonation process based on single-site redox,
which inhibits the activity, greatly limits the practical application of the multiphase catalytic ozonation technology. To solve this
bottleneck problem, lattice doping of metal oxide y-Al, O, substrates with transition metal species Fe and Ti was used to prepare novel
dual reaction center catalysts ( FT-A-1 DRCs). Characterization of their morphological structures and chemical compositions was
conducted by XRD, TEM, XPS, and other techniques, and it was demonstrated that the lattice substitution of Fe and Ti for Al resulted
in the formation of surface-poor electron-rich microregions ( electron-rich Fe microcenters and electron-deficient Ti microcenters). The
FT-A-1 DRCs were used to catalyze the odor oxidation process and exhibited excellent activity and stability for the removal of a range of
non-degradable organic pollutants, such as ibuprofen. The interfacial reaction mechanism was revealed using EPR and electrochemical
techniques. It was found that in the catalytic odor oxidation process, O,/H,0 was directionally reduced at the electron-rich
microcenters to produce +OH, whereas the contaminants could be oxidized at the electron-deficient microcenters as electron donors to
continuously supply electrons to the reaction system. This reaction process utilizes the pollutant’s own energy to achieve two-way
degradation of the pollutant ( -OH attack and direct electron donor), thereby overcoming the rate-limiting step in the metal-oxide-
catalyzed ozone oxidation process.

Key words :electron donation of pollutants; catalytic odor oxidation; dual reaction center; Fe-Ti co-doping; surface electron transfer
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ZRMF RN SE L3 B AL A LA, M R RE 5 Je e
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BT (TOC-L, i CPH CN200 ) 18 1 25 I R 8
D52 B ML HR FE . o R e 41R I 335 (L ( EPR, AR
.55 A300-10/12) 1 %E - OH 5 HO,» /0, - . il F B
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EPR 245 ik, s Ak~ BEPTIE (EIS) SR =
W RGE A8 TAE AL 2 L B Al Rl By . e vp
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B T :,_‘wp i Bt |
-, . e e v

- (a) ~ L

ZICR AR HOR B, RN 0.1 mol-L™" 1)
Na,SO, A .

2 HREH

2.1 AL S FRAE

FT-A-1 DRCs 13 5 78 & 175 5 F 21 25 3 A ol
A, HAds 5 L 10 6 ( TEM) B 2SS FEAE an & 1
(a) Ir7n, Wik RSP 4 78 450 ~ 600 nm Z [8] | Jf 5
P SR ) Z2 FLARAE . 78 20 935 B FEL T S 1 BT [ HR-
TEM, & 1(b) ] J&7~ H B 5 1% Sk 228, He il i ]
0.2 nm,HJET y-ALO, 1Y(400) fif > . Haig
(1) y-AL O, AL, & 1A (8] B A& A /N AE 4k, R B Fe
I Ti BB R T 2L M S8 i H i T
BROCRB G & 1(c) | AE ), Fe (O AL Ti
il C 3k 5 FhoT 3 AE AL 2R 0 43 A 2550, e 42
TEZ I Fet Tis Al 2 1. 1: 1: 8.6, BATH Fe
TiJEE WA I RG] Fe A Ti A A1
SBAE A, Wik S

(a)FI(b) N FT-A-1 DRCs /Y TEM &, (¢) & FT-A-1 DRCs Y SEM JE R WS 5347 (Fe 0 (AL FI Ti)
El1 FT-A-1 DRCs FIE S PHES B F R E T Z L E
Fig. 1 TEM and elemental spectrogram of FT-A-1 DRCs

Fl2(a) /R T y-AL0O, . y-Ti-AL,O, fl FT-A-
1 DRCs B9/Nffi XRD BIAE, 43 378 1. 41° 1.39°
A1 440 0 BT 0 A7 59 08 AR X 3 AR AR B
AR AFLALIE P M T 4l ) y-AL O, , FT-
A-1 DRCs /N 07 59 0 A= 1 W) 38 A % JiE 52
Ti Fl Fe )70 i 45 2% 5 3505 I 2 55000 i 1 8] BE i)

AL, XA R Y R AR B AR B R E. FE )T A
XRD [ K 2 (b)], ALO, i 75 i i & y
AT TR Fe RIS AT R S EH &R
ALY AT B B, UESE T A Fe WA B B
R E ALY AR S AL, TR B AT A B y-
AL O, B AL rh.
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Fig. 2 XRD, nitrogen adsorption desorption isotherms, and pore size distribution of different catalysts
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Table 1 ~ Surface area, pore diameter, and pore
volume of different catalysts
e dh AN 7 B
v-Al, 054 304.93 5.95 0.47
v-Ti-Al, O4 302.29 6. 64 0.52
FT-A-1 DRCs 336. 84 5.89 0.50

FT-A-1 DRCs (97T 41 5 A4k 27k 25 ] i o
XPS SGRESEATH AN, U0 Al 2p TELE S HE N 73.8 ., 74.5
175, 3eV A4 A5 3 ARTETIE] 83 (a) ], R
HIABFZE R 43 BT 8 F Al—O—AL, Al—0—
Ti f1 Al—O—Fe . M4 Ti 2p Joilk b1 [ F 3
(b) ] ,7E Ti 2p,,, Ml Ti 2p, , B3E , HZ5 A REIEE 43 )
fi7F 458.6 eV il 464.3 eV, IEBMEALFI T Ti 9
BB TP Fe 2p 6% B Y Fe 2p,,

Fe 2p, , A5G REIE(E 30 R 711.3 eV F1 725. 1 eV
[E3(c) ], XPIAIEZRIA KT 13 eV, UEH
AT AEAE Fe’* B4 [RIRHELS A iR 718. 8 eV
AbAB RS B 2 T 0 i —PHIESE FT-A-1 DRCs
(%) Fe Y 2R Fe’* L ARYE O 1s XPS MRFEXS H:
PTG 2 W [ 18 3 (d) ], 2545 REME AR 20 0 2 T
530.73 . 531.79 F1532.8 eV 77! FIEA7 T 530. 73
eV b7 Y Ti—O B i A% S s I, 7R e &
AhE 532. 8 eV Ab H B A 23 6 19 1k 2% R B 4R A IR A
W (Ti—OH) , WM A B sh P = BAE S B e R
531.79 eV AbH BRI A Y W I e, o B EL A
& S R PR FE RO TR MR A4S
WRIALM Fe YAh F 2L P’ RAAFEDY | £
Ti PrFpF 2L Tit I A, IF H 55601 AL O,
TER T A2 3 HE. T8 W38 B 48 44 I —Al—O0—Ti—
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