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Effect of the Different Compound Systems on Photocatalytic Reduc-
tion of Cr(VI) by Titanium-Bearing Blast Furnace Slag

LEI, Xue-Fei* XUE, Xiang-Xin
(School of Materials and Metallurgy, Northeastern University, Shenyang 110004)

Abstract Using calcined sulfate-modified titanium-bearing blast furnace slag (STBBFS) as photocatalyst,
the photocatalytic activity of STBBFS photocatalyst toward a Cr(VI)-citric acid [Cr(VI)-CA] system and a
Cr(VI)-citric acid-ferric nitrate [Cr(VI)-CA-FN] system was studied. The results indicate that the photocata-
Iytic activity of STBBFS photocatalyst is more efficiently enhanced in the Cr(VI1)-CA-FN compound system
than in the single Cr(V1) or Cr(VI)-CA system, indicating that the photocatalytic activity of STBBFS photo-
catalyst can be improved in the presence of citric acid and ferric nitrate. The acidic solutions are favorable
for the photocatalytic reduction of Cr(VI), and the optimum pH for the photocatalytic reduction of Cr(VI) is
2.5 in both compound systems. For the Cr(VI)-CA system, Cr(VI) is completely reduced after 50 min reac-
tion when the photocatalytic activity of STBBFS photocatalyst is 0.426 mgemin 'eg ' As for the
Cr(VI)-CA-FN system, Cr(VI) is completely reduced after 16 min reaction when the photocatalytic activity
of STBBFS photocatalyst is 1.2425 mgemin 'eg '. Both the photocatalytic reductions of Cr(VI1) in the
Cr(VI1)-CA system and Cr(VI)-CA-FN system follow a Langmuir-Hinshelwood kinetic model. Though the
effect of adsorption on the photocatalytic reduction of Cr(VI) was decreased, the adsorption of Cr(V1) on the
catalyst surface still affected the photocatalytic activity of STBBFS photocatalyst remarkably.
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Figure 3 The potocatalytic activity of STBBFS catalyst at dif-
ferent pH in (a) Cr(VI); (b) Cr(VI)-CA system
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presence of Cr(VI), Cr(VI)-CA and Cr(VI)-CA-FN
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B AR SRR SR EDEHELIE R Cr(VIKEN 2545

S RTRT Fe(IN)-CA &5 Cr(VI)REREL
25 fF UV-Vis ISR, Fe(Il)-CA K&Kk AGM,
AT BEIRN R 1) 21 Fe(I)-CA 48 &P JERL T
Fe(l)/Fe(Il)8 it Jixs, M2 Fe(ll)/Fe(I)45 ik
JE R B CrVI) B 1 BB K Cr(VI) B A R
Cr(l). Kk, Cr(VI)-CA-FN E &R R b AL IR JFN
Y ) A2 2 e by R 23,

STBBFS(CaTiOs)+hv— e + hy, ©)
Cr(VI)+ e, — Cr(V) 4)
Cr(V)+ e —— Cr(1V) (5)
Cr(IV)+ eg, — Cr(I1) (6)
H,0+ hj — HO +H" (7

Cr(V)/Cr(IV)/Cr(1ll)+ hy, (HO) —

Cr(VDICr(V)/Cr(IV)(+HO") (8)
CA+ h, — CA*" 9)
Cr(V)+CA — Cr(V)-CA (10)

CA-Fe(I1l) —> Fe(I11)-CA —Y_s Fe(11)-CA" (11)

Cr(V1)+Fe(I1)-CA" — Cr(VI)-Fe(Il)-CA'——
Cr(11)+Fe(l11)-CA" (12)

T3 6 R S N F) STBBFS AL 77 & 1« W B J i
AR 1T LA RO GRS A 7 3 1T ) XPS 3 1], 3k
RN, STBBFS it R R & I R A2 T ek
OO ARII). KRG, AR PSS
AFAE; AR BRI GHE A S N I, A7) o B 257 0
T M. XA /N Cr(VI)E TR LK
I B A B I B ) (S P AR i <<2 mg), T
ANREFImsHRE Cr(V)IBIR, KB 11 SR
Cr(VI)-CA-FN B 51K &H, pH=2.5 I}, Cr2p3/2 7EW [
ST S LA AEAR SO 20 min 5 STBBFS fiEfL 72
I L/ XPS Stk ik 11a M1 11b fiow, 454684 576,
576.5, 577.3, 578.2, 578.6, 579.2 eV {J Cr ] 2p3/2 &%} [\

T cr()?%1 i 580.1, 580.5 eV MIXf T Cr(V1)Ee,
FRAE LA S 5 HEAL TR TR XPS 4223 #T, EE& IR 75
LN 0.08%. %45 FPTiK: ()Gt N 45 R, R
DR LL Cr(VI)JE A AE TG RIR T (<0.1%); (2)
Cr(VI)IK FERRAG, — & ot [ S 80, J—
F G WU H e A FRUAR B3 55 1 Al 1 i 5 3.
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B 11 Cr2p3/2 fi(a)W kim0 STBBFS fiEfLil. (b) LAt
ff] STBBFS fi Ak 7 1 L F) XPS Jtilk

Figure 11 The XPS spectra of Cr 2p3/2 in (a) catalysts after
adsorption and (b) catalysts after photacatalytic experiments

(1) /£ Cr(VI)-CA &R T, BUSRRMWILE pH
B, X Cr(VI) - b 28 A W& 5l BRYESRAT T,
X} STBBFS fii bl G HEAGTE VERZ W AN K. FEAH [R] S
ZAF N ORHE pH ), Cr(VI) H—{k R4 pH=15, X
240 min J5, STBBFS fi 1k il Ot i 46 35 1k 5 0.114
mgeminteg T HFERAM K Cr(VI)ASEBIE IR 1 Cr(VI)-
CA E& AL pH=2.5, &Y 50 min J&, STBBFS {1k
FICHEAL TG TE A 0.426 mgemin ~Yeg ™ I 44 W 1)
Cr(VI) Ak Ji.

(2) Cr(VI)-CA-FN HEE51ER D, SURAER MWL
pH {EXt STBBFS #EAL ARG AL IE TEA Cr(VI) Pk
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MRS B . BRI pH {3 K (pH=
2.5~7.5), STBBFS i LADGAELLIE LR Cr(VI) ik
PR R H I G R, #F pH=2.5, JxJ¥% 16 min 5 STBBFS
AT EE A 1.2425 mgemin teg I K
) Cr(VI) 4Bk J5.

(3) Cr(VI)E 74 Cr(VI)-CA H&1KZRA Cr(VI)-
CA-FN E &R P DGR U FEAEAE L-H 30 ))
SR, A 4, k=0.2367 mgemin teg ! K=
0.0432 Lemg !, k=0.8657 mgemin 'eg~! K=0.0823
Lemg . HHILFTE H, LWAMAE SRR, Cr(VI)k
I 2 e A TR THT AT A A2 P A 30 i IS I ) e

(4) HRHE XPS FRE 4T, 45 R Cr(VI)iR B PR
— A2 OGRS B, A W e A )
AT S FIE R T BN, AR R
TUE N Bk, RET = 7O 1o 2, R 4
BT Cr(VI) IR JERCE. T INAGEER RS, Fe(111)-CA %%
GV EE I EE A, AOCREOR T, RADGHR
i Fe(1)-CA 2559, TERL T Fe(lN/Fe(I)5ALIE U5,
748l Fe(LN/Fe(I5ALIE 5 X A% 2 Cr(VI)E T L,
¥ Cr(VIE-FIE 24 Cr(1).

(5) LBrRIEAKPEEES A HID I L5 HESE
J&, WERBATREE A G A WL IO G 48, kb4
751 STBBFS LA B Cr(VI K ALY, A4
XTI STBBFS 1E A MM, St A Al 38 52 Bk 7K
BHEWITME L.

References

1 Gupta, V. K.; Gupta, M.; Sharma, S. Water Res. 2001, 35,
1125.

2 Kobya, M. Bioresource Technol. 2004, 91, 317.

3  Wang, L. M.; Wang, N.; Zhu, L. H.; Yu, H. W.; Tang, H. Q.
J. Hazard. Mater. 2008, 152, 93.

4 Colo'n, G.; Hidalgo, C.; Navi'o, J. A. J. Photochem. Photo-
biol. A 2001, 138, 79.

5 Testa, J. J.; Grela, M. A,; Litter, M. |. Environ. Sci. Technol.
2004, 38, 1589.

6 Xi, H.-A,; Fang, N.-H.; Li, Z.-K.; Zhang, Y.-B.; Lu, Q.-H.;
Yin, J.; Zhu, Z.-K. Acta Chim. Snica 2002, 60, 2124 (in
Chinese).

(e, Jrfes, Zddl, skE¥, BIKE, BA, kT
B, #0354k, 2002, 60, 2124.)

10
11

12

13

14

15

16

17

18
19

20

21

22
23

24
25
26

27
28
29

Lee, S. M.; Lee, T. W.; Choi, B. J.; Yang, J. K. J. Environ.
Sci. Health A 2003, 38, 2219.

Schrank, S. G.; Jose', H. J.; Moreira, R. F. P. M. J. Photo-
chem. Photobiol. A 2002, 147, 71.

Selli, E.; Giorgi, A.; Bidoglio, G. Environ. Sci. Technol.
1996, 30, 599.

Yang, J. K.; Lee, S. M. Chemosphere 2006, 63, 1677.
Meichtry, J. M.; Brusa, M.; Mailhot, G.; Grela, M. A.; Lit-
ter, M. I. Appl. Catal., B: Environ. 2007, 71, 101.

Yang, H.; Xue, X.-X.; Zuo, L. Chin. J. Process. Eng. 2004,
4, 265 (in Chinese).

Mty Ak, AR, 342 T42 R, 2004, 4, 265.)
Chenthamarakshan, C. R.; Rajeshwar, K.; Wolfrum, E.
Langmuir 2000, 16, 2715.

Chen, X.-M.; Xu, M.-F. Environ. Sci. 2006, 27, 913 (in
Chinese).

(MR, #RIH 5, LA, 2006, 27, 913.)

Malkoc, E.; Nuhoglu, Y. Sep. Purif. Technol. 2007, 54, 291.
Papadam, T.; Xekoukoulotakis, N. P.; Poulios, I.; Mantzav-
inos, D. J. Photochem. Photobiol. A 2007, 186, 308.
Mohapatra, P.; Samantaray, S. K.; Parida, K. J. Photochem.
Photobiol. A 2005, 170, 189.

Herrmann, J. Catal. Today 1999, 53, 115.

Allison, J. D.; Brown, D. S.; Novo-Gradac, K. J. MINTE-
QA2/PRODEFA2, A Geochemical Assessment Model for
Environmental Systems: Version 3. 0 User's Manual, Envi-
ronmental Protection Agency, Washington, DC, 1991.
Stumm, W. Chemistry of the Solid-Water Interface, Proc-
at the Mineral-Water and Particle-Water Interface in
Natural Systems, John Wiley & Sons Inc., New York, 1992,
p. 337.

Deng, B.; Stone, A. T. Environ. i. Technol. 1996, 30,
2484,

Tzou, Y. M. Thesis, Texas A&M University, Texas, 2001.
Tzou, Y. M.; Wang, S. L.; Wang, M. K. Colloids Surf. A
2005, 253, 15.

Chenthamarakshan, C. R. Langmuir 2000, 16, 2715.
Misono, M. Catal. Today 2005, 100, 95.

Deng, J.-G.; Wang, G.-Z.; Zhang, Y.-J.; Dai, H.-X.; He, H.;
Qiu, W.-G.; Zi, X.-H. J. Chin. Rare Earth Sci. 2006, 24, 80
(in Chinese).

CBBDE, FHEE, 5REMH, Bk, frt, BRI, #25
21, B £ ¥R, 2006, 24, 80.)

Stypula, B.; Stoch, J. Corros. Sci. 1994, 36, 2159.

Olofa, C.; Hornstrom, O. S. Corros. ci. 1994, 36, 141.
Merritt, K.; Milard, M.; Wortman, R. S.; Brown, S. A. Bio-
mater., Med. Dev., Art. Org. 1983, 11, 115.

(A0804264 DING, W.F)



