o224 Al EEI SHE R/ O Vol. 22, No. 4
2003 4 12 A ACTA PETROLOGICA ET MINERALOGICA Dec. . 2003

XEHS: 1000 - 6524 (2003) 04032309

THAFT RABFUNEEZT Y ERIER

B2 R
(dbgrks kA RSB, dbst 100871)

" = ﬂs’riﬁjzﬁ-—‘ﬁ GG AELEL R e Ti0, 2 HDGAE (LR HTIT 30 4EWF 5T BUIR (0 kb L, 550 BN 4 — B4 T 55
AR RRE WL AP RENEITIIS . KRR SN LA TP Ti' VA4 Fe™ Cu® 1 Zn® S50 H
TR ul;@-JL.ilIMHﬁfk-fa-ﬁatbﬁ-rn BUBCES 4 51 70~ 80 W Ji n A 1080 I B2 K 0. 33% , J5U0% 44 700~ 1 100 'CLE 5
] B R 0. 93% ~ 2. 13% , VK e E 3L S IR ICAR 0. 019% ~ 0. 07% . 2 bE JEAGHT b V3 g F2 100 b . % & ks
AR A5 S0 0T BTy 0T TR P A RN ) RISV L BB B e 20 A R AR S L R DY 2 A

S ) R AR 2600 A T 2 B0 H B 0 00 AR 35 M . i 1 000 °C, 4x 40 A7 4 i A8 1 B o ) SR 4R L 9K 1 000 C A
1100 C, 421 A1 0F e QA2 11 AR ARt Sl JSE RN Ie o i P 700 S 20 At == G L 1) o 4 W) ) 02 A . T 52 4
JE A AN G S WAt A 4 8 0 5 WE 9T, R IR 2 0 s A T e R e i R T 249~ 777
nm, WO B W WL L TR 2 B SRR A P AR EJ’H’Jiu,kz&L\}\ 921 nm, Wil E AL LAk, R

o T b BEL e il £ rOnT ale A2 fkors e Al oy ) = LT = T b Al fH3 £ fhs
J'JZ?C'H'.IA..TJL'}I“A*E:’I]?E']‘JI 'I'{_.J)JHE:.EI‘J 1 T VI-‘{I i IR T .I‘:JL“J VJ\J_ I TEFE.T I R FJ'N‘.’)L.-TJL G HEAGAE

FHAIE S, A s b R A= o Jel T R A 5 350 P AT A5 AN 0T B AR 1 L R 4 A0 e i Bl ek e L2 R 4 b A7 HL TS A JR AL A fig
H AT B A 1 5 A AT LTS e A 45 e DR T AR

KR MBI KRS A W REAE R PR AT LTS B

FESES: P5T8.4" 7. P5T9 SCRKFTIRAS: A

Mineralogical photocatalysis in natural self_purification of inorganic minerals

LU An_huai
( School of Earth and Space Sciences, Peking University, Beijing 100871, China)

Abstract: Based on a brief review of semiconductor photocatalytic mechanism and researches in the past 30 years on Ti0, heteroge-
neous photocatalysis, this paper emphasizes that the natural vanadiferous rutile and its modified products, which have not been inves
tigated by either Chinese or foreign research groups, degrade halogenated organic contaminants. By means of grinding, heating in
situ, heating, quenching and electron irradiation, the natural rutile could be modified. The results show that the lattice distortion and
defects in the natural rutile are attributed to the fact that part of Ti** ions are replaced by V** and other impurity ions such as Fe**

Cu® and Zn** . Grinding rutile samples into powder with the particle size of 70~ 80 Hm results in 0. 33% increase of their lattice
volumes. The lattice volumes distinctly increase by 0.93% ~ 2. 13% via heating in situ at 700~ 1 100 C. On the contrary, quench-
ing causes the lattice volumes decrease by 0.01% ~ 0.07%. V** ions in rutile are modified by heating segregation outwards to the
surface, and the corresponding lattice distortion is rehabilitated by the role of reconstruction in certain crystal faces, recrystallization
and release of the microstrain. Rutile modified by grinding shows some degree of photocatalystic efficiency in degrading
trichloroethylene and tetrachloroethylene and has fair photoactivity. Heating at 1 000 C evidently improves the degradation ratio of
rutile for the halohydrocarbons and the rutile quenched at 1000 C and 1 100 C distinctly shows a higher degradation rate. The rutile
modified by electron irradiation, however, has obviously lower degradation ratio for trichloroethylene. Furthermore, through the ten-

tative study of 52 kinds of semiconducting metal oxides and metal sulfide minerals, it is found that, for most metal oxide minerals,
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the maximal wavelength of the light, which can excite photoelectron, ranges from 249 to 777 nm, corresponding to the visible light,

whereas that of metal sulfide minerals is 921 nm, corresponding to the infrared light. T herefore, the photogenerated electron_held

pairs could be excited by the visible light. Systemic researches on photocatalysis in minerals can play an unique role in revealing the life

process of the earth and the environmental evolution. The researches are very important to the realization of oxidization of organie

contaminants, especially the permanent organic contaminants that cannot be degraded by themselves, in the system of the earth “s

surface.
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MEAT I AR e B o B 204 it M A B A B T sz e Ty I %
I O LA R e RS AW SR & R O DT (T o e AN A e g
45 18 TR S B TS 1 TR o T 2 LT S A
Ty 5 ) Bl g 1 e JSCYE BT 38

REEZBRE  SLfdh R Hh(200) F1(210) & 1E
JEUE I e 2 ob ok #1900 °C 1 T 5 R 43 B 0 K, (002) .
(110) (101) (310) F1(301) &1 AE 1000 CHERT 5 B9 5 1
BO(A T, 2003) o IX T RESE H TRl S 0, BB R AT BT
BT A 2 1 1 BT B, 0k 2B 1 W i G 40 A A 800~
1000 CW A H 2 B 00 0 i 23 2030 0 R 5 5 ¥, 1)
¥ 8 W 52 AR AR T T il e 2 19 41 B ] 4 B Sy 0 7 5 T ) 4
VT B8 i/ A B TONE ) [ B st 1

IERTFE G Ll 30 e 0 = &kt
B o= T+ T+ Tls, B PG . 5 EEEH L,
SRR I T, B, TR PR S T Bk, 5 IR A A R
oI B N, 9 Ak Ak A R S P 0 BB /D . fEL 900 T
SR S 10 IE o S S g LA R S AN T, T, d s BT
B dse /b, WL AE 900 CIN R i epr 043 i ST 1 B el PR il B
(R JiE S 5 0 . &5 4 DTA R XRD [f990 B7 &5 9L, itk — 25 i
SRR S S5 E 900 TR 1 AR 4k |

PEMR SRR 7F 400 Mo/ L =4 44 MDY G 2.4 i
I e LA R, A5 S HUBOR R AR 4
st i AR LA o 1 e A A8 R T B R e AT L
F) 1000 CIA G20 A7 p A8 10 B At 22 0 b4 vy . X440 40
HEAT M 700 CH| 1100 CTH Kk, 1000 THI 1 100 CH Al
JEETT R S AT B B, A SRR Y S 2
(9153 USE NS NN VI 3 ) Rk Wy ) L R Ay T 9
MG T 5 Mg/ L, 54 ik 2 [6 G bR . 700 T~ 900 T2 (1]
P CRE S AL 35 R AT B . R el O e 0 S A
B B A = S 20, W 3 BT AT T AR 2= 152, 2003) .

4 TN P AL

TEMUSE W™ R B8 A VAR T Al (6 2B, 1997, 1999, 2001,
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2002) KM BRAEJ2 58 5 10 M 6 55 B 9 U 1)
U 30 2, T 5 R 4 R AL 2 — o ) R
HIMCSIERIVERIL . 3467 S BER R SRS

P, W Cux0 NiO Cra05 55 . SEfE L2 EH %0 n+ p RS
N, B R T BERGT R A O e AR T, o
Fey03 FeS; % ( Waite, 1990) . #{ & v B 4 Fe** 1 Co™ .

e E AR, B AR SR (i, BRI AR e NP G Ze® SR AT L ST AR B R i L JE R n
AR AR A T S A r}g -ET Hi( Waite, 1990) . i 747 3 BPRS0hi 4 . 0080 Th %48 S 117 As Sb Te 2500 M Fe2* [
Tl A a8 4% AR 5 10 32 R 1 5 4y 7 A AR T O DT SRR o, B R p R S AET P( Shuey, 1975) .

#(Shuey, 1975) . JTAGEP TG Wi A, Jerb S0 H H5 R RGEA LI 26 Fh 4 Jm S AL PR 26 B m ik 4
PRI VR - R O A2 R AR D R, IR RD FeAsS FIARRR e AR W (v B fE A B AR o W T 0 e R D G W R kAT

BB MnO, 5 . KEHCK S ET W T AEAAE S 44, 2ep

R M T SRR % B e 11 26 IR 5 W 3

GETHERL, S5 2 o . RIUK 2 80 s e i ok

SRR T 1.5 eV, A HL T I ST T A2 249~

M2 I REG ™1 . A% T RE G A mia‘*rw,w“mm 777 nm, W e W W W, b A SR L Tk £ 8
AR A R s R e b e HE O, W RS SR SR B RE R HN T 1.5 eV, PR T
FHE AR AT RE SN, Wb E R O T A R i KT 921 nm, WROE TR L0 AN, B N
JRRCh il e, XA o B ARETH, W Ti02 WVaOs . 3K 345~ 740 nm, wT W] WG . AR G HL AL

AR AT AN, T S RS2
2, WAL A
M op B SR

CuFeS; Zn0 T . 4% 00 HE 2L A
TR AE R BR A0 1) W B N S S A
PR BT, T e O B

AR RN °F S 45 W e 0 JLOE 26 0t T B 20k
LT 55 A TR T MR 2 7 R e L S R 1 7
0 T B T BB LU A S 403 ] WO

®2 RAXSETYNTHER E, RFEEABTHRXEK L
Table 2 Band gap E, and maxiEl wave_hfngth of light de{iving photoelectron A

e s (AN Lo eV N nm i 9z 3L [y E. eV N nm
R Baddeleyite Zr0; .00 249 PR Sphalerite ZnS 3.60 345
AT Romarchite Sn0 .20 296 Wit S Alabandite MnS 3.00 414
Bk Geikielite MgTi0s .70 336 HiE Orpiment AsaSs 2.50 497
Vig: Ll Manganosite M0 . 60 345 T Greenockite Cds 2.40 518
L Bunsenite NiO .50 355 AR Berndtite SnS, 2.10 592

AT Cassilerite Sn0, .50 355 etk Cinnabar HgS 2.00 622
ST Eskolaite Cra05 .50 355 LTRERT Lorandite TIAsS, 1. 80 691
AR 22 Zincite Zn0) .20 388 FEER Stibnite ShoSs 1.72 723
BT Anatase Ti0; .20 388 Wi A B Livingstonite HgShySg 1.68 740

EAR? SR Pyrophanite MnTiO; 10 401 W T ungstenite WS, 1.35 921
SUA Rutile Ti0, .00 414 G Enargite CuzAsSy 1.28 971
T Senarmontite Shy05 .00 414 FE A Molybdenite MoS; 1.17 1062

YU M assicol PhO 80 444 W H 0 Chaleocite CusS 1. 10 1130

g dg Bismite Bi> (5 . 80 444 i Herzenbergite SnS 1.01 1231
A Shcherbinaite V205 . 80 444 R Bornite CusFeS, 1.00 1243
ek Ilmenite FeTi0s 80 444 W Pyrite FeSz 0.95 1309
Bl gk Goethite FeOOH . 60 478 L Argentite Ag.S 0.92 1351
k73 Wuestite FeO .40 518 Bt R Cobaltite CoAsS 0.50 2 486
}J!lﬁﬂ. Mnnt(-.p(mil(-. CdO 20 565 IJ(LIZIL%W Hauerite MnS; 0.50 2 486
AR Hematite Fea05 .20 565 it Polydymite Nis 0. 40 3108
SR Cuprite Cu,() .20 565 I Galena Phs 0.37 3360
B Moniroydite HgO .50 654 WHE Chalcopyrite CuleS; 0,35 3552
A Tenorite CuO .70 731 IR Vaesite NiS, 0.30 4144
Hy T Avicennite TLOs . 60 777 wpl Arsenopyrite FeAsS 0.20 6216
LS T Pyxrolusite MnO, .25 4972 || WG Pyrrhotite FeS 0.10 12 431
32300 M agnetite FeiOy .10 12431 i Covellite CuS 0. 00

e 2RO 380~ 10 nm, 7T WLOGBEK Y 380~ 780 nm, £LARGHEK Y 780~ 1% 107 nm: 87 A 6 LT (RIS N b AT 3T 3K
W4 B3 S 1982) s N BRAE T £, 4% Boldish( 1998), Brezonik( 1993), Butler( 1978), Dovgii( 1966), Efstathiou( 1968),
(1983). Halouani( 1982). Jaegermann( 1988), Kanemoto( 1992), Mills{ 1988), Nozik( 1978), Oosawa( 1989). Quarto( 1997), Rodriguez
(1998) . Sakkopoulos( 1984), Sculfort( 1984), Shuey( 1975). Sugiura( 1974), Temmerman( 1993), Wei( 1997), Xu(2000), Zhang( 1991) & §}
il .

Freidman
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P P dee k5| NFE L PR £ 6 i K08 A2 i AR K
Frii R ol PR AR BE 13 215 3 L M o L b O B AR TR (RIS
AR BB AR ) 2 AT S AR R
BRAT E R B BORRNT LSRR DA AR A
W48, R EATTAE m D5 7= A (1 v v AT e LY
B B FH B 7 A i A R Al BL AT B A IR AT AT LT
Jey, HAT QI T RSO M e N

gess b, AE MR R R R G b, & s UL R G R mi Ak
P A 2 S A A 1 7 Bk e T 2 A [ 2 A AR D i
FEep — PR AT R A D o AN SUICHL S 05 A I 5 AN 13X

SV, ke R A R R S R AN )

Wik COp 3L I3 HCOO™ HT £ J50N Hy N, JEJ5005 NHY 4
S T A R LATE A AR AR A £ TR R 2R, B COp 3R T
by VPR RS O HEAT BLAR 23 1 B AE AL R A2 1R 3 — 22 ( Sehoonen,
1998) . FrilcfFgi ik 2 W, PUJ5 B2k ( Mackinaw ite, Fey, ,S)
SUERGE Y, AT 2R SR SU0RE A A S TR R
Bt A" ( Greigite, FesSy) s FERR sz B4, FLAT sk Wik, &
A Y R B Oy . e A e 2 R ) R R B Bk
(Pyrite, FeSy) ¥4k . T 08 BRA™ AT 2 1] S %, % it (10 40 A1 id
FAT T PEAEAE, w0 B 1 3 3 T 1R AT P LA 5T AR S T AR
'ﬁ" [Py o1 2B R o e 1 1 € 2 e R S

i 4> A HOBIRL . A i R 5 A T 22 A SR A 4R i i
fl'l IF‘FHI*MW‘IM?*?FM{‘% 1) 3% — B i 7 40 v A ke, 36
ok 1R B 4k 0 e Al AL 22 1 TR DG R 1) 8 ( Rickard, 2002) @,

BLAE AT Dk 5 e LGS B, 2 AR X B T e i
WAEARM A G AL LY . WA e A Bl o, EALA T
W G i S A 4 Rk e A Firprng
IR (AR P A PR [ B A 8 DR B A D, JE WL S e A
IR o 33X BT S U (0 A, AP A 5 ) AS A S 7 b
iR (iboR L (SRR (E e sV i o NN K Vi VR )
FEATHLA D), WA EHL S, A0S A R ) A g e
Kb ST E AR T8

5 45 ®

(1) 3 30 KA Ti0, 2 A1 A Ak 1 HIWF 9T i O HUAS 45
D AL ] ) £ 35 e R A A AR SO ST e 1 i AR
G R B w5 BT 5 a AT (1 B A b FE T2 RURE AR A AR
Ja il B R O B 5 N ] ) R, AR S A BT AT I A T
SPHEAE T AT (A AR BB Y T AT 1 82 A AR DL
FIT AT PR A 0B 5 20 Y A5, A TG e A S T T A T A AR
fie, 5B o A QAT BL4 7 1 A7 3% 72 Dhie

(2) FAREGMELD AP TiY # V3 ALIE P Cu®
FZn™ S5 A TR TR AR, T 1 e WA gl B L ) g
ATHUBORY B W) 28 A 3 A A JORT H R A O b B
ERULRIR, & 21 A7 £8 HLBE B3 B 70~ 80 Hm ] i 15 i B Ak

0.33% , J5 7 N4 700~ 1 100 °C 36 b I 77 K i 1 % K ik
0.93% ~ 2. 13% , kI B e 4 0. 01% ~ 0. 07%,
T U ek o G 20 S AR RS W BN L G A Rk 2 B
PEJG T VG AT A ) B R, JE IR M R VI
TR A AT 71 P R AR . 2 AT AT it s W A2 1 45 5 m] B
Shy S IS it ) ) AL 495 8 A T A B0 1 IR R B A T . ox
SrETATHEAT P TSk T 384 I S T 1 Bl B A R L S B0 T
Bt 7K i 384 54

(3) BrEERI RS WG A R =M w2
I FLAT 02 1 e A0 25 A ) 3 I H1 R G PR e A A T L A
1 000 CRcfE G 20 A7 A i A8 8 1) B A 20 ) b 4t o o X 41
ATHEAT 1000 THI 1 100 CE R kI, JE6AE b 5 A7 5k
P, A e AR 1) AR I S I e, B A 1 = S S R DY
W ORI HREHAT T 5 M/ L, 56 4k B 6 S HE ohe v . 01
RIS RSO I B 2 A 0 = e 0 T B i ST T AR

(4) A 52 i Jm S A0 0 R0 & ot Tk A S AR R R
A8 L B WEFERIN. K 2 H G I AUk o = e 1 1
WA L 249~ 777 nm, BB 92 0T G, 843
ARG, TR 2 A G IR B A T 4 5 AR O L i e S K ORT
021 nm, WG 32 BT S0, AT — /N 8 2 m W e T WL
SEORTE LI AT AR A Sh e 1 2 S ART M AE AT WO 1 R
A BL AL R, A T R MR 2 2 R e b L
Gt TR A T RE T SR I A

(5) i EAR Y D B A T R RS 344k 0 i 1
B, AR AR 20 e W9F 0 ok Al o i L™ 4 1t b R R ek
Tt g R O B 2 3k B2 1) #E 46 A% ] ( Schoonen, 1998) . F 48
TR BT W56 kA A T B 28, A 1 96 s HUER 2 i ik 2
FUER B AT AT AR . HER 2 RS rh AT WL e
JUHCIE AN G VAT B 08 (0 5 2k A7 DL S 4 By 3 o) 8 7
VI, A7 0L A o2 Bt A AR 2 1, EHL TRt A STk
PEH Ao g . DRkt o fef A SRS ) H R ot AR 4 vplk A7
LI G h Uk R AL 4 1 S o P e AT i O S e AR AR
F A — A A HE — 2D IR NS 1 TR
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