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Photocatalytic activity of nano-TiO: codoped with boron and
Fe: s in visible region

LI Lrqing', LIU Zong-yao’, TANG Xin-cun’, TANG Lin®,
GUO San-xia’, LI Harlong®, HE Ytbo’
(1. College of Energy Science and Engineering, Central South University,
Changsha 410083, China;
2. College of Environmental Science and Engineering,
Hunan University, Changsha 410082, China;

3. School of Chemistry and Chemical Engineering, Central South U niversity,
Changsha 410083, China)

Abstract: Sotgel method is used to prepare the photocatalysts. And it was characterized by X-ray diffractometry
(XRD), TEM and U V-Vis diffuse reflectance spectra (DRS). The XRD results show that a structure composed on-
ly of anatase forms after calcination and the grain sizes are very small and separated uniformly, TEM shows analysis
the characters of the figures, DRS results verify that TiO2 doped with B extends its absorption band significantly in-
to the visible region. The 2, 4-dichlorophenol( DCP) was chosen as target pollutant, the degradation rate and the
mineralization rate of the pollutants in the samples under both UV and visible light were investigated. The results
show that the effect of B doping in Ti02 can extend the spectral response to the visible region and that the reaction

activity is extraordinarily enhanced when it is further loaded with Fe,Os.
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Uy B SR T I RE T 2 Y | Ti0,
VE R FCMEALT, P2 e AR 25 R A H 7 5 1R 5
A AL I8 TR BE 1, A LAA 2% Hho¥s v e 4 B A
CO2 « HoO FHFAd /NGy 700 4RI, A6 TG P G
] DGR FH 28 A e A5 Ak K RIS B ] =2 21 R
1, BT A 4 8 RO 1S A ] e X RN s AL
T A A 5T R

HT R E MR, AT CdTio, 17,
FeTiO: '™, NrTiO, "', Vv-Ti0, "™, Mg-
Ti02 '™, CeTiO " FE&B B FHBIMITT) 2
WIRE Y . 3ok, BFRE M, Ti0. B2 ARS8 e %%
My R e RE 2 m] WX Hd RS g B 5
TR BT BT 5T A, Zhao 2512 ] TiCls A4k
BRVUIE T e MR A i T — R VIA [F B 24 th i
Ni203/ Ti02- . B., FFERIFFT T X0 &M FRIGAE AL B34 2
B Chen 257l Sokgel J7ikHI15 T AF B B 2%
FEEIMEAL A, JEWEGT T B 5284 Ti02 44K ik 1
&5 R R A ALV PR I 525 Jung S5 3 Sok
gel JIEG T B205-Si02/ Ti0» = JCIEALFIZE |

ASCAE R 7] . Sokgel J7 iR AE 48 B
MEE Fea0s LB IRE S MMTI MK 4 E
XRD . TEM #1 DRS SEH AR M dEah b, H5 7 i
TR DCP [ G A0 B AR S B, AT T 4k X
Nkt TOC 2Rk, .

1 S2Ig

1.1 ERSH&ETZ

Ti( OBu)a (fh2%4l), UKESRR . BlEE . LK &
fE . FeCls 12, 4DCP ¥ ho#rali, fif Har k&t
— b, RKIh LB TFK.

DL Ti( OBu)« 4 FEZERL, HAC HHHEIF, R
F Sokgel EA HUEALF] . 506 — 2= HaBOs
FeCls ¥ # 3 30 mL Jo/K LW, #ERES6i 8T
A 10 mL Ti(OBu)4, Hi#t: 2 h, RJGEVKIKEHE T
WEET, S8 10 mL £/KZFE . 1.3 mL £ 5
FIKF 1. 0 mL UKBEFR VR A ML 0.5 by, 15
FIE I . ARG E S| THiHE 2 RAE3
BB, 60 CEA TG ISR B, &)a
7E 450 CHRE 4 h( FHELIEAR 3 C/ min) 13282 5
AR HomF n(B): n(Ti02) B 1.32%, n(Fe203)
D n(Ti02) BLO. 5% ; 46 Ti0> « Hi— B $B2% Ti0, M
Fe:03 2% Ti0> LA VEHIMS .

1.2 fEEFIE R

XRD MK K A H A EE 2% D/ max2550VB+ 18
kW HE 50 X G 2T G K AER A= ] LR 1%
(DRS) MR LE 2 A 433K A UV3010( Hitachi, Ja
pan) BV A1) WL 66 E EREAT, B BaSO4fE
Zt; TEM AR JEM-3010 520 75 5% 5 ha 45,
TAEHL K 300 kV ; DCP ¥ 98 (9 W ' J32 3% 5%
752 BURAMEME LT, TOC SRHZEE 01 &
A A 1010 7 T O C AT AL IR AL VRN 2 .

1.3 LRI EENR

JEHEAL RN BL DCP ¥R b FREXT 5 . 75 A
W R N2 T, 0. 05 g HEAL IR K TN A
1.0x 10" * mol/L ) 100 mL DCP ¥ ¥ i) B,
FRA AT, M BUR AW 2 min, R )5 BRI
PRFF 30 min LLIA S0 B4 . 58 410 A) OO I8 4
S 300 W rF R ZRAT AT 300 W 25T, e fignr i
JEHEAC S I F 8O U8 25 420 nm LT K . &
B% 30 min BX— KR, BE0040 855 MG, o
FHBEEESKE RRFMEEXR, BT
B, DMK B LE R AR i B G AT M

2 ER5WR

2.1 XRD FfARER D

Bl 17~ A B Fl FexOs 2:452% . B 8L Fe2 05
MG 2l TiO: 19 X ST i i . s Emr WL,
BRI G 5 A B R 1, B4R
ST 102 fb B B AR Ak, X5 26 fir o i v g B
BRI Fe2 O AHATHF U, mJ LUAE I X 28 5 44 2 DLA

(a) — Fe,05-B-doping TiO,

(b) — Fe,05-doping TiO,

(¢) — B-doping TiO,

(d) — Pure TiO,
(a)
b)
(c)
(d)

10 20 30 40 50 60 70 80

26/(°)

1 AFEBA Ti0x KR X RT3
Fig.1 XRD patterns of
differently doped Ti02 samples



* 2100 -

SREER SRR i 4

2006 4F 12

TEX o BUAE Ti02 IR EEAN Ti02 g . Hr
B/ Ti0: fF&ZS N a= b= 3.783 9 nm Fl c= 9. 455
2 nm, XFEE4E Ti02 §i%Z4L a= b= 3. 783 3 nm H
c=9.499 6 nm [, B BAFIG S o b
A—5, BH c BB GAIT TR, HHB I
B Mt TiO, fnik4rh; Midk—27E B/ Ti0, #Hk
B Fe05 JG, BFe0s/Ti0, B IR Tk S
#a= b= 3.7847 nm Fll c= 9.453 6 nm, 5 B/ Ti02
MBS A% S BOE AR —FE, U Fe™ JERA AN
Ti0:> f#&H, &Ll FeOs O N E S 8T
Ti0, fHH .

s Scherrer A FH R R FHI TR 1.
L 1 Hdlnlan, Fra ki KN30 10 nm 7
. B2 Fros RES K TEM £ . B TEM {2 0] 41FE
kAR bR, Yo 10 nm 247, 5 Scherrer 24
LFEEEEYE .

K1 REABZ Ti0, FEF K IR A
Table 1 Particle size of differently doped

Ti02 samples pow ders

Pure . Fe203/ B-Fe203/
Crralyet Ti0» BT Ti0s Ti02
D/nm 12.5 11.6 12.3 9.5

2.2 UV-Vis DRS i
Bl 3 Fras A ANEDBHEAL A UV-Vis DRS 3%,
HE 3 gk 1 f1 3 o4, B4R Fe 05 BTG
REAR TR g N P BEAE KT 420 nm 7] WG HB 53 0%
TG 0, TR 3 gk 1 AT 2 A, B MBI
R A2 SRR IR & 4B KIEZL %, 1 Ti0, REay
BRAZZAS, AEn] WG e AR 2 B A AL R IR TR B
I AR T .
7& UV-Vis DRS ifirh, RH BELIMEE S K
J7 ) B AE s, 8 o A it e WS iy 320 S PR kS 4 A
Mo, HIEg= 1240/ MIFE AT, 4RV TR 2,
R 2 B rTan, B B 2R A SRkl
PR A A2 KR LL A% 22 m) WOGIX, B K FH Stk e s
AT AL S
Fz2 TiO, FERM AR AT
Table 2 . and band gaps of

TiO2 samples pow ders

Sample M/ nm Band gap/ eV
Pure Ti02 390 3.18
B/Ti0» 421 2.95
BFe203/Ti02 438 2.83

2 AFABA Ti0: BRI TEM 4
Fig.2 TEM images of differently doped Ti02 samples
(a) —Pure TiO2; (b) —B/TiO2; (¢) —Fe203/Ti02; (d) —B-Fe203/Ti0:
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1 — Pure TiO,

2 — B-doping TiO;

3 — Fe,03-doping TiO,

4 — Fe,03-B-doping TiO,

250 300

400 450 500 550 600

Wavelength/nm

350

3 RIABA TiO: F K UV-Vis DRS %
Fig. 3 UV-Visible diffuse reflectance spectra

of different doped Ti02 samples

2.3 Boron # Fe; O 52431 Je g (L B TE RIS M
xS ANRE AR AR AR UL T 4L DCP 1Y
WP RN B AR 4k, W 4 Fros . K 4(a) AT 40,
TEER AN B, B/FeaOs 358 24 il — B B}
Fe: 03 524 B 1 iy AL R0 3R T AE T WG F
(B 4(b)), REB/Fe0: B IE R A &

In(c/cp)

In(c/cp)

L 2~ B-doping TiO;

1 (a)

1— Pure TiO,

3~— Fe,05-doping TiO,

4 — Fe,053-B-doping TiO,

0 1 2 3 4

[rradiation time/h

1 — Pure TiO,
2— B-doping TiO,
3— Fey0s-doping TiO,

4 — Fey05-B-doping Ti0,
SR | | . |
0 1 2 3 4

Irradiation time/h

4 ARG
FA% DCP ¥ 30 FE Bifi B (7] i A8 4k

Fig. 4 Photocatalytic degradation of DCP solutions
(a) —Under UV light; (b) —Under visible light

HEALRCR, M B 1% Fe: 05 B 2L G MEH
ANZ . 454 XRD A DRS 704 el %1, B #EA Ti02 &
bl BEEUAR T O BEM E R T B 8, 1M Fe2 05 LA
LR A ECT Ti02 ARk . T B X s
SO0, B p BUEA O [ 2p BB 24tk 5 R4k 5
JEVR/INTTASE AT L e Y 36 5, EL B 35 2% T8 B A 3
M BRAS B SEIE Ti02 M S~ E TS, X
FERTLARG 1L TR A flih FeaOs WITE F HL T il 3K
PR R T b = R R e 2 A, B kR
AR T2 /A0 B, T B/ Fe, 05 351524
PR IR =y T 0] WG S T B AR
BEFT DCP Bl I 18] (0 A0 I 00, 045 AN 5] N
[H]~ DCP %W TOC 18, W 5 s . LK S
F4 nT%n, B4k R AR it 2k AR A A AT WO TR
A EHAHME, EREAR AR S —Ssh 12 R
NASEAY, AT A IR KB ) i R A
FR P Cle 7E AL Cl w3t LY ) B

1.0

(a)
r
0.8
. 1
8 061
iy
2 04}
bt A
1 — Pure TiO, 2
0.2 | 2 — B-doping TiO,
33— Fe203-d0ping T102 4
4 — Fe,05-B-doping TiO, P

0 1 2 3 4
Irradiation time/h

0.8

0.6

0.4

i

TOC/TOC,

1 — Pure TiO,
0.2 + 2— B-doping TiO,
3 — Fe,05-doping TiO,
4 — Fe,03-B-doping TiO,

0 1 3 3 4
Irradiation time/h

-

AR DG AL DCP % TOC I [A) [ 48 4%
Fig. 5 Photocatalytic mineralization of

DCP solutions
(a) —Under UV light; (b) —Under visible light
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