
� 23 � � 1 � Vol.23 No.1

2 0 0 9 � 2 � CHINESE JOURNAL OF MATERIALS RESEARCH February 2 0 0 9

� � � � � �

��������	
���� ∗


�� ���
(�Æ��������� �� 110004)

� � 	�����	�
��
, ����	����
�Æ��

�������	

�� (sulfuric acid-modified

titanium-bearing blast furnace slag, STBBFS), ����Æ��	
������	


������. ����,

���	

����Æ��/����Æ��, 
	���Æ����, �������; ��
�������
����.

STBBFS 
���

���� Cr(VI) ������. ���	� 400 �
, STBBFS 
������������

SO2−
4 	��� CaTiO3/TiO2 Æ��, �����

���. � 500 W ������ 10 h, ���	� 20 mg·L−1 �

 �������!.

��� ���"��
, ��, 

���, ���	

��
��� TB321, TQ032 �� � 1005-3093(2009)01-0064-05

The photocatalytic activity of titanium -bearing blast

furnace slag

LEI Xuefei XUE Xiangxin∗∗
(School of Materials and Metallurgy, Northeastern University, Shenyang 110004)

* Supported by National Natural Science Foundation of China No.50274025, the Key Basic Research and
Development Program of China No.2007CB613504, and Science and Technology of Education Ministry
No.307009. Manuscript received June 3, 2008; in revised form July 9, 2008.
** To whom correspondence should be addressed, Tel:(024)83687371, E–mail:xuexx@mail.neu.edu.cn

ABSTRACT Perovskite type sulfuric acid-modified titanium-bearing blast furnace slag (STBBFS)
photocatalysts were prepared by the high energy ball milling method at different temperatures and charac-
terized. Its photocatalytic activity was checked through the photocatalytic reduction of Cr(VI) as a model
compound under UV-Vis light irradiation. The results showed that CaTiO3/TiO2 mixed crystal structure
was found in STBBFS photocatalysts; the particle size increased with increasing calcinations temperature;
the photocatalytic activities calcined at 400� showed a higher catalytic activity than other catalysts; the
potocatalytic reduction efficiency of Cr(VI) reached 100% after 10 h.
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,1;? 7.5% �0(2+"@9A, 12 96 h *

43 70 �:B4(:B 24 h. 8:B*�;<%

=+�5�2, �;<�;:<6' 0.5–3 µm. 8

;<�7C���>=)#* 2 h, #*)8<9'
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. 1 ?-@BH?A�@E
Table 1 The composition of TBBFS (mass fraction, %)

∑
Ti

∑
Si

∑
Al

∑
P

∑
Ca

∑
Mg

∑
Fe

∑
Mn

11.32 11.44 7.47 0.007 17.8 3.72 1.78 0.399

(:; SID–Elemental) <<*�!�"<; % XD–3

� X �9J�F (XRD)(=$ Shimadzu) A(*�

!�>4,; % Nicolet–380 �FCKBGH��@

F (FT–IR)(DI Thermo nicolet)A(*�!�*�

�!*�/"; % UV–2550 �"� – $�<��8

J (=$, Shimadzu) A( Cr(VI) �?�8; �*�

�!� XPA–4 �EC@����!F)GL.

�EC@����!F)GL�*�K-�',

�!F)M /N 500 W �LD, %OM?6#E

F�!A)8N$O( (25 �). GA 0.5 g *�!

P3 1000 mL ) HQRBA (20 mg/L) �HAI

), JISK�*�!�P@9QC, %DCL��

!A�HAI-�!F)OM (E+' 25 mL/min).

GL�*��!J, �TM)SK�!A=�BAK

8NRB�, ��?U/EULV. ��*��!W

O), MX 60 min AS/P. SNOPM-WQ*,

% UV–2550"� – $�<��8JA(QA�?�

8, &YRQTF9GG"'>!�K8. *�!�

*�7:%HQR�*�K-"'3U, 9) C′
0 '

��?ULV*�K8,'�*��!�RHK8,

Ct ' t �S�!A)HQRP0�K8. %STI

1S2)JUA(HQRP0�K8.

2 34567
2.1 STBBFS 89:;<=3>5?@

VK 1 $�, �NL)8#*� STBBFS *�

!% >L�3>/", V�!# (CaTiO3):MZ

N (Ca(Mg, Al)(Si, Al)2O6):T[WN – �[WN

(Ca2(Mg0.5Al0.5)(Si1.5Al0.5O7)):Æ!# (TiO2) /
". K 2 3U, 5W#*)8�O� (400–500 �),

#�)�!#�)+\X; ��8#*)8O��
600�,�!#�)+XY]ZP;Y8#*)8O�
� 700 �, [XZ\�!#)+\X. W��#*)
8Z\*�!)�3>["]B-7:V;*4P

W [10]. VK 2 K$X\, 5W#*)8�O�Æ!
#��)+Y]ZP, CaTiO3/TiO2 3>)Y]V

13.3 \XD 4.13. ^], QR#*)8N;<*�!
3>�/", ��^BY3>)+- CaTiO3/TiO2

3>). 5W#*)8�O�, *�!�;:Y]B

^ (K 3), �_3ZUW�V;�S<[� SO2−
4 .

2.2 STBBFS 89:;ABCDE
VK 4 $�, TP0(*,� 100� –150�_�

�_�U``^P'.�0(<[aEU. 5W#*
)8�V�, STBBFS *�!�a+WUY]ZP,

UX�PS'.0(�*�!. bYU, *�!)`

Y) SEU�43#, 3ZK S<[aSEU�

SO2−
4

[11]; ]�, +PNL�#*)8, STBBFS *�

!3ZS<[� SO2−
4 )+<9' 4.26%(400 �):

4.18%(500 �):3.52%(600 �):3.43%(700 �)(\`

*�!)SEU�#).

F 1 caZ[bG\? STBBFS >AB? XRD ]

]

Fig.1 XRD patterns of photocatalysts calcined at

different temperatures. (a) 400 c, (b) 500 c,

(c) 600 c, (d) 700 c

F 2 caZ[bG\? STBBFS >ABdb^?^

c CaTiO3/TiO2 _^d

Fig.2 Phase content and the ratio of CaTiO3/TiO2

of STBBFS catalyst calcined at different tem-

peratures
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F 3 >AB STBBFS400(a)eSTBBFS500(b)eSTBBFS600(c) c STBBFS700(d) ? SEM e`

Fig.3 SEM images of catalyst. (a) STBBFS400; (b) STBBFS500; (c) STBBFS600; (d) STBBFS700

F 4 _ffa`?>ABc STBBFS >AB? TG

ab

Fig.4 TG curves of unmodified titanium -bearing

blast furnace slag catalyst (a) and STBBFS

catalyst (b)

VK 5 $*X\, 5W#*)8�O�,

STBBFS *�!�"�bg��?c)Ig

STBBFS400 < STBBFS500 < STBBFS600 <

STBBFS700 Y]O�, ?ch&c 5W#*)8
ZPY^B. Y5W#*)8ZP, STBBFS *�!

3Zi�� SO2−
4 K8\X (K 4). V]$�,5W#

*)8�O�, 3Z SO2−
4 K8�\Xj� STBBFS

*�!�"�bg��?c)IZd.

K 6 3U, 5W#*)8�O�, STBBFS *�

F 5 caZ[bG\?>AB?HdedefC]
Fig.5 UV-Vis diffuse reflectance spectra of catalyst

calcined at different temperatures

!��*�7:UX\X, 9) STBBFS400 *�7

:I�, �>L�! #�, 10 h Cr(VI) ��*�K

-"'� 99%. VK 6 K$X\, 5 h � P25 ��*

�7:hO��I^ (100%), ]� STBBFS400 *�

!�HQR�*�K-"'' 85%.

VK 7 $�, 5W CaTiO3/TiO2 3>)�Z

^, Cr(VI) ��*�K-"'O�. V XRD -

SEM <<$i, #*)8+*�!�3>/"-3
Zjf;<N^, ��^BY*�!�3>)+*e

CaTiO3/TiO2 3>). UV–Vis g��<<X8, 5

W#*)8�O�, STBBFS*�!�"�bg��
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F 6 caZ[bG\? Cr(VI) C>Afklh�g

g?hh

Fig.6 Photocatalytic reduction efficiency of Cr(VI)

by STBBFS catalyst calcined at different tem-

peratures

F 7 Cr(VI) C>Afklh� CaTiO3/TiO2 _^

dmg?hh

Fig.7 Relation between the reduction efficiency of

Cr(VI) and the ratio of CaTiO3/TiO2

F 8 STBBFS400 >ABC>Akni?jdC]

Fig.8 FTIR spectra of STBBFS400 after photocatal-

ysis

?c)IgW STBBFS400 <STBBFS500 <STBBFS600

<STBBFS700 Y]ZP; Y TG <<4 3U, #
*)8;<*�!3Z SO2−

4 �)+, �NL)8

#*� STBBFSx ii*�!3ZS<[aEU�

SO2−
4 g STBBFS400 > STBBFS500 > STBBFS600 >

STBBFS700 Y]k(.

STBBFS400 *�!% �*�7:�-^�

P: ?�9j#*)8� STBBFS *�!>),

1)STBBFS400 *�!3ZS<[� SO2−
4 K8&

�, Y3Zi�� SO2−
4 O�Y*�!�7: [12,13].

2)STBBFS400 *�!% &�� CaTiO3/TiO2 3>

),+34,_��>l,%+*�!��*�7:
 $^;< [14,15]. QR STBBFS500 *�!% &�

� SO2−
4 )+ (4.18%), ��&X� CaTiO3/TiO2 3

>) (6.2) *e�!#)+IX (N 31%) YZ\

STBBFS500 *�!��*�"') STBBFS400 *

�!\X$!. STBBFS600 *�!��!#)+$
� (jPP STBBFS400 *�!), �� CaTiO3/TiO2

3>)- SO2−
4 )+)&X (? STBBFS700 *�!

>lN!) Z\ STBBFS600 *�!��*�"'?

STBBFS700 *�!>lN!.

VK 8 $�: �*��!*� STBBFS400

*�!�H�m)&c \kHQR�lUm

(760 cm−1:949 cm−1 - 1390 cm−1). bYU: H

QRK8�\X&m STBBFS400 *�!�*?U

m\, Y�BA)@9� STBBFS *�!n)+^

P9)nk����#"Y�"o0 – lo+,�"

o0 – lo+??U�*�!3Z�HQR�p[

"K-�!�_K-. ]�, K) 570 cm−1 ��m

+!P�!#; 471, 963, 1100 cm−1 ��m+!Pn

(q)�MZN; 876 cm−1 ��m+!PT[WN

– �[WN [16−20]. FTIR @K;\�4 ? XRD

�<<4 /\, STBBFS400 *�!�V�!#:M
ZN:T[WN – �[WN/". � FTIR @K)c

 Æ!# (TiO2) +!�m, $)?om�ppqq

(399–4000 cm−1)  o, ^'Æ!# (TiO2) +!�l

Um� 350 cm−1 Un [15].

3 3 7
80('.�)!�.,� 400–700�#*, $

$ \% NL SO2−
4 )+- CaTiO3/TiO2 3>

)��!#� STBBFS *�!. bp�!#� ST-

BBFS *�!3Z� SO2−
4 )jG Cr(VI) �*�K

-, Y CaTiO3/TiO2 +33>$O�*�!��*

�7:.bop^r�qL,%, �3Z &� SO2−
4

)+- CaTiO3/TiO2 3>)� STBBFS400 *�!

�*�7:I�.
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