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An experimental study on the modification of natural vanadiferous
rutile by heating, quenching and electron irradiation

LIU Juan, LU An_buai, GUO Yan_jun, LI Ning, LI Qiao_rong and ZHENG Jia
( School of Earth and Space Sciences, Peking University, Beijing 100871, China)

Abstract: The natural vanadiferous rutile was modified by heating, quenching and electron irradiation, and the different photoactivi-
ties of samples under different treatments were studied. XRD patterns of all samples reveal that all the treatments fail to result in new
phases or any phase transition. In the IR spectra, there is a broad band at about 3400 em™ ' in non_modified, heating and quenching
samples, which is attributed to the stretching vibrations of OH groups. The IR spectrum of the irradiated sample, however, shows no
above_mentioned band. XPS ( X_ray Photoelectron Spectroscopy) was used to study the change of chemical characteristics on the sam-
ple surfaces. The concentrations of oxygen and vanadium atoms increase with heating and quenching. This may be related to the in-
crease of defects on the surface, which will add active sites for adsorption of water and hydroxyl groups. Accordingly, the photoactivie
ties of these samples are distinctly improved. Unfortunately, electron irradiation fails to accelerate the photoactivity; on the contrary,
it even somew hat slows down the process due to the reduction of adsorbed water and hydroxyl groups.
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75 PE( Nakaoka et al ., 1997) . {H AR SCHRIE 08 28 SOPE R 75 BR

LAY TiO, A7 B I S REA 3G A, JEaG A 52 300 9% Jr ik

e B AP AT WL P TS5 R 42 B2 ( Sclafani et al., 1990; Mills et
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Pl VA 7 R AG AE I) A ( A M, 1994) TR SRS 4 41 A1 (¥ BR %
B P o, I, AN 2 R S B, i AT A AR R
ST A3 LA 5 R Tk B, A8 A Ol A S T i ] e AT AR 1

PRI 2R, 2001) o A SO AR G £ A7 JEUFEREAT LT3 0

fr Ao
gn =]

T e S R S A, O B B G A 3 M A 1 A
e, A o T AT PR 7K 35 DR 3008 D16 A A 3% 4 (1 5 i 48 T )
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FEREAE 0. 1~ 1.0 mm (1 S 2047 BURE T BR BS BL B 7 52
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Fig. 1 The IR spectra of samples

A —JEFE; B DA B C —9ORE e D —H SRR R
A —non_modified samples; B —heated samples: C —quenched

samples; ) —irradiated samples

2.3 XPS(X ray photoelectron spectroscopy) 54

A A 118 28 T A ST £ 3 A1 A O S 5 Wl ( Serpone et
al.,1999), Fr AT X S 2ot 1 e il I 4 ik % ik Ak B IS
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Jy 458.5 eV Ti2p'/2 Ky 464.2 eV KAl EL, iy H Ti2p W
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Lb 11 T 5 0E 1% ( Nicola et al. , 1999; Kumar et al. , 2000) , i
W) Ak BRI 10 T B RA T st A A7 (e .

V2plg T TiO, (1) Ols W5y b5 V2p W (1) £ B 7
( Robba et al., 1997), i FLEE & P800 & G 8 b S 806 5
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Fig.2 Ti2p spectra of samples
A —J5RE: B—i KR Bl C S R s D — IR
A —non_modified samples: B —quenched samples;

C —irradiated samples; D —heated samples

§9( Bulushev er al., 2002), X} V2p 0 i 40 By -+ 45 18 Ak, 7%
FE N0 3% 28 o 3 AT BRAE )V 2p XU HBRL, B A PR A 1
W2 HN T SRR AE 25 5 BE 517 eV Ab A AT L T A R L 1)
GERL, HE— 20 X Ak EURE S 2R 526~ 516 oV K ILETT 4r Uk Ak
BE(FE 3y, Bt g e (ol 517.6 eV A1 517.8 eV( W3
1), X 5V,05pV 21)31251*‘;'-! &4 E517.6 eV Wagner et

e > e se
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A —non_modified samples; B —heated samples; C —quenched

samples: I} —irradiated samples

al., 1979) AT, BEWIFE S 2L L+ 5 Bt A4EfEm .
O1slE  TiO, bR (190 10 WY % 22 B H O Bk b, 45 17

£1 BRI T2pH V2pY/, BESENEREEFHENESAE
Table 1 The binding energy of Ti2p and V2p3l 2 peaks of samples and the concentration of various atoms on the surface
ikl eV IR o it %
Ti2p'/» Ti2p'/, V2p'l, Ti 0 v 0/Ti V/Ti
IR 458.5 464.3 - 13.94 82. 80 3.26 5.94 0.23
IFAFY: 458. 6 464.3 517.6 11.27 84. 81 3.92 7.53 0.35
PR i 458.8 464. 5 517.6 10. 08 85.83 4.10 8.51 0. 41
S R 458.8 464.5 517.8 11.94 84. 60 3.46 7.08 0.29

fiey 530.0 eV(Rahman et al.. 1999), {H & 2% B¢ 5 R0 210 (1)
O Ls WEES AN 6 R, 32 ek 11 22 AN 08 5% g e 1) . 442K Ti0, 1
XPS &% Siofh Lt 280000 O 1s A2 A0, iU BH A2 el o B 4
R B A A B 1 ( 7 AR SR, 1999) L MUKE B (1) S T2 A %
S W AT T AT A S R, DA T BAHE T AT G Ols
AR (1) AN B Atk A2 e 2 T L A 2 W B 7 T e e S 1 1) . B
AR STk B AR A, 1994; 7 BRIk AE, 1996) 5 O1s W 4324
530.3 531.8 A1 533.2 eV 3 N, 435I Ti0, 19 07 ik
P Y OH™ R I B HaO( [ 4) .

REWMIKEE  MIE—BRKHM 0 OH HH,0 1
Srbe( e 2) thoal A e JORE S 0 2T B K G (HL0 +
OH ™ ) LU JSURE WY Sak 38900, 17 48 5 B it P IR B e 00 A0 A A 20>,

TS TR A I T 5 A —E . AR A TR R K i L Dt
FEAT BT 38 m, AHRE S B0 TR0 45 3% v Do R i R DR VA
A EV AT WY AN, 30T G A B O AR AR AT T IR
TR P A PP 38 Ak /A, FEDRS JEE A 1) 0 3k 3k iy 7 e 1) 26 e

BHEERREFESE HBXELB TS
)RR A3 3R HE T AR R S AR TR v 0 2 o ik 2 A
1988) PFSLH 25 oL I 400 7 4 & Rk (& 1) o i Tk 5w 2L
HIETi OV 3Ry, g Hob & ki A1 24 oo #, B A
VLI 25 1 P o kL S B R s . e 1 b VT ]
DA IR, FF i 25 3o b 2R S THIVEHL I 5 oA AN () R S A 1, 3
e LR R it (R BRI e S WY R, O VT B DS RE I ks
AT — i, FLOE IR b, SRR B A RS AT S
AREEFE S 20/ T Ak W) 5 JCT SURE, B N Y
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#2 H@RRAFRRESENESLT
Table 2 Percentages of (*”, OH™ and H,O on the

o

surfaces of samples

FF iy 0*

OH" H>0 H,0+ OH™
J5UFE 49, 60 41.15 9.25 50. 40
IHEE A 43,85 42. 34 13. 81 56. 15
P DCRE A 41. 48 37.86 20. 66 58.52
AR FE R 52. 06 29. 41 18. 53 47. 94
V/ITifi—5.
2.4 HMETVEEHKkESEMIE

R A e A A B 7 AR A T AR AN L 5

K, 3 AR P P T P R A AT 9% L REAR AR K

O S A PG R op p R R R AT O () R A
AR B, A B0 R SO T P A T S R A B n i, A0
RECM A RESE I, AT AR R . b T AR D X e i
I, 3¢ )2 D 25 m Z W 5 bk A4, PR Py A S )
P14 J5E (BT ) 0 4% 0 ( B ) ) e A R A R
HL P L PR AR SR If R, de 28 A0 R gk (1 15D, 1993) . (K,
AbBEFY: 2 TR 1) 5 Sk 39 T e L X R AT AR T AT Ok . A
V20s/ TiO, A 77 1 10 & b AR s I 28480 16 BT 3 4L Bulu-
shev et al., 2000) . 7% FF 5 XRD &5 3L b @8 3% A £ il 3
V205 AT, 50 W48 FE S A0 BE 5, 2% 5 B30 A7 48 T 4 40
Frt g b, BAT SCR S A0 R, AT LSRR BT . FE R
V20s/ Ti0s 5845100 4% 45 22 5L Ti0, i, A Ti0, & JE
V205 ML BTG BELE TR e — AN Vo0 BRI, IX 2

A

10. 1% V,0s(Matralis et al., 1995) . B4~ E {28 KT 5 ke
o 2% TR I ST 3 AR AR 4 A 1. 229, YLl A R e R A R T

I T AN 2 A U R B V205 R, JX O
XRD 928 45 0 AT . D RILAE Ti0y B i 4 Ti
V0, HAEBTBE X AE A4 5 i e (8 e 5%, 2002) , (K 4
LLA7 P BT LI A7 A2 22 BR A T10, (AR BRfE, 37 LR i
TRt A5, 1997) , B i ot A1 A4 A0 1 W Ot i g R B Aok e
T o YCHEAL B AR 92 B AR I ZE TS S, 2003) , <20 JRURE R
FP ) = G A e T R A S, AN T T A ) ) A Y
Ti0y JU T ST YA AL 5% 4 (1 W 45 ( Nakaoka et al. . 1997), it
W Ak 2 TN IR AE AR AT R T S 20 e AR iR P B

SEAL, B 2T AR, VO OEAR TN S5l A AP
iy, Sy b 2 R AN S i, AE TiO, i 23 TE B BE & A
OH™ . %34k, V" F4£(0.059 nm) 55 Ti*" £42(0. 068 nm) 4]
22 K( Depero et al. , 1994), V3 AR T o 5 R
Ag, M7 A 5 2 W B R R SR B A7 . TR R A T, e T Ak 27 W
bR OH™ fr o ¥ 1 e AU L, TR 47 S B (19 7K 23 1 A
LM LA Ti* 1 ( Stefanovich et al. . 1999; Schaub et al. |
2001) , 775 B B I 02 T 2T W B i 0y A 5k D1 BLAR S T
(Bredow et al..1995; Henderson, 1996) . Ft BL, iR
L] l'u'dzl_fﬁfl’-Jlfﬁlﬂhkid(H20+ OH™ 45 by T ke, i
YA 5 RN i el B SR 0 T, R P 19 Bk s 1)
BT A, AL 3 T BB e 56 089 O, eI 7 S0 & K B B L
P AR 2 e 6 e b DR D a8 1) R AR PR AR e VR 457 IRk
P CRE i (1 22 TR B A B AED I FE i S 2

SECAR 28 e i Sk L) R v ST L P S A LR R
By 0. 2% , AH W B K (0 7 43 LA R JSURE /b, S0t Ol
Ll 8] i &k 9l 2>, m e DRk 2 T OHT 43 i B OH™ —H™ +
0 JBRJE HY SNSRI :H + e=1/2Ha 1 (Lu et al.,
1998) . [ iR, A Bl i) O 78 U8 43 26 i 40 B 1 1 2, A ¢
T B A7 kg 20, St A F B B g e 555 o it L b o R S
HL 7 AR 2 320 P00 St A R T 1 A B, R AR R K MR
B fiE ) .

FESGHEAR B2, ZKAE TiOy 2100 W B, o 3 2 £k 27 I
BT e OH™ XS HEAR Sz AT T B2 ) . OH ™ 23 4ili 3K %5 /OB Hk
oS A T« O, [R] okt 38 T e it £ 16 o B e 0 v 2 0
I 52 A5 3, UG A A0, DT B i 5 A A 358 1 (T 1 BH 4,
2000) . ifif H. Ti0, 0 B K i 2 25 T A A, xR it B2
i A D A el S PR ) AR L R T R N S TiO, 1 7
3 FEfil( Fujishima et al ., 2000) . MO AE AL 8 8 02, th
FoECAE ORI 8 A e AR ) e, R R
P10 P 2 A A A 50 WD B A A A R S T I, S T v oA 1 £
HRYATFIRA AT GG, OH™ K8 7 B AT L AR 5 4
FEEAS AT IR, BT BL T 10, 100X I 26 4 J5 (1) WL B4 i )
el 1R B Y ) O By Bt AT T 92 52 0 ( Stefanovich et al.
1999) . AR I0 L AIE W], S8 A0 AT BRUIRF /NI JS 7 R
R =5 L 1 P AR 4 LU SR 5 HH 29 10% . i EL SO R o 1 B
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