=R E A

36 Multipurpose Utilization of Mineral Resources

2020 4F

e B M R P e (A AT R T T

Bax, Emip
(1. BEEFRERNVKENESSN=, M) 2FE 617000; 2. EREFRAKE
fe, PUJIl 2&4E 617000)

FEE . AT T AN e R TR e A R ORI P BIER B A A ) I
ESTRIMPRL, REANR (15 AT otk A 5 ' (R A0 M

FEIUIR, IR e P A2 — R BAT L AL R AR

ZRIR T A BRI w1 A G AL AR T

FE R AR 0BT e G AR BI FE T (700 I, 3 i 7 R b G AL R REE P 7 T AT RT BE 27 1

PR o

REA): mERBY RS Gl PR, bR

doi:10.3969/j.issn.1000-6532.2020.04.006

hESHES: TD74.9

B I AR LI DL 300 7T t IR,
ST HE R EEE T 6000 7 to BEAN A SE PR
—Filt Ca0-Si02-MgO-ALOs-TiO: FLyCk ¥, )
TiO2 8 AE 21% ~ 23% A A7, BE 2 —Fp TR 774,
R E ST ER M IR BT A dan ey & B H

e R P P S R BEUR, IR HORAE PR AR )
FUT RPN, MBS NES, )Lk,
e A 2R v S R R R ) A B R B R o %
A& TG4, FIH TiO: et M pi 4
JCHEAGRI, BN T A A R S 7 T R AT R
7t U2 HATH SR m SRR U i, BRE
AR I SAGTE L Z BN RUAL, HoAth 77 v 47
fESAE R, RENTSES; F=RAEH, T
BN 1 RCET I RS e e, AR AR
TR R B v v R TR, BERC T —
A SEA R 7 e BET7 1A 1A% 0 2 R BRI
s BAERE, ERBEAT R, > T e

Eu
n{ o>

Hfﬁ

Wi HER: 2019-05-05; 2Z[E1HHA: 2019-06-28

EETE: AN A A BB E 50K 55 2

TiH (S201911360037)

YHFREL: A XEHS: 1000-6532 (2020) 04-0036-06

AEPEERT o B R R T R M R e R, A
TRIP I BRI 7 ERBRUR, 4298 1 BRI B ek .
AR ST v BRI e A R A A DG AR AR LT Y T A
DIRer= i, ik 7 AP AR BUR, FEX 7 5 R
BT T H
1 & sk AL g b i 0y AR ok

e ORI e R P R FH D VAR RS R R 2 R
K —RKEAEEEEPHRIAA, nHER
BeERL, B RARE, BHEKESE;, —KIER
o B2 8 A AR BRI RISOR) . BN B
EPE AR — 2B AT R BEUR, R B E
KEIW e, AUSCR FAE i SO R A% e o i
ERINCARIE, BEURR BRI AR B4R, 53
A P B Y 0 R FH A0 B 5 1) A AN K R
PAAE o it 7 22 40 10w 2 T e ik, Bt
T B AN S AR P B LR L, O Sl R )

FENIH (20180816); VU114 K224 B H Ak Il gt &l

EZE RN EA (1984-) , &, fild, @EIES, EENHGUEA R, BT R #: T,



54 1
2020 4£ 8 H

FEF . JHRY S PEA MM LK «37 .

e B I AR 40 R P AR KB YR R R ) A R AL
A Bl
1.1 ZBEFAR

AR S AR N A BRSO T T
P2, HAR s e T W [ PR A P K, I IR 7
FLh R AL TR A, BEIDEAG; RF 0] 2 e K BE R
TR, BFEMYTIRD T 60 17 t SRBTIE .
AR B R 5, I HoA] Be kI To ik Rl
12 ‘EEki - KEEL” TZ

BRER AR “EREA - RIREL T
Mo SRR i R IR AT T R A, $
e T BEINAE, X R Sk KRUASE R FH v e IR R
Ve, PR TR A (Al H A AE 9 1] R R
HAT AL RS R F  BRAh, 27 &k
P AL B RE R A R, T AR IE B B A
1T 300 75 t (IR FE 3, KE T FERSABEYR,
AR, METHETT RN o R e % L 2L,
EREBATREZH A, FN, HATZLZXE
JPES FRF ) S BE AT AR AR s
2 E AR ALE P AR LA R R IR

AR, RO B TR TR BLER
B i5 Y i B RIS 2 —, ZAEAER R T R
PEFRFSE « T SRR I 2 212 R .
FH 48— AR i 455 & 7R 1R 2 ATk 73 21
RLA, e M 2SS TS KA A
G TG I R R AR I v A R 52 2R ) B

M R A AT R (R 1), i
TiO: U7 H0N 23.16%, SMTREEFaE LR,
AU TR IAEAE O, Rk, FIHEAER
AL TR . SR EP s SE —
ERMHEMEEMESREE 7, XA
PHER 1) ' A 6 g T B 5 R . i LI AL
XF TiO2 15 2 Re W% A T8 58 Wity Bk 1 1A
TEAS TiO HG AL TE PR 3 7)) T JAth fr s 5

BRAE AR AESE AN RE I TiO: B MERE B A

WrF R P, H4nd — 5 Mn AR 20 i 2 gy

DN o figp BE A s R IORE Bl R AT IE 2 50 ~ 609%,

AL E B B U AR B HEAL AR A
* 1 SRESPENEERST /%

Table 1 The main composition of high titanium blast furnace slag

TiO2 FexO3 SiO2 MgO ALO; CaO  Va0s F

23.16 2.64 2401 747 1349 27.19 082 0.12

2.1 HENASHKRESHEHI&AELT

RAEKZFZM AN VR FH SRk A = 1 & 5k
EE (BRZFE PR BBy, g
ANFEIRHREE , R 2 h, A G RN
WE T YR, WBOLEAME. BT &8
PUERDGEEACR, VR T SR s AR S
PACFIR B WM pH B ARDEIR. SRGE
AP 3 ko N AN O SR AT B
WA CMEALER], 2 600 CALFE 1 h BB ALIE T
B UF, F YLkl R 1 B A 26 TTIA 24K TiO:
AT 27%; G0N S0T $ i PR AR 2, (R
— E AR PR AR AR, B SR AR
B fif 22 8K, HAERIRAC (251 nm) AbPERFZETE K.
FEAEA S M DLSREG = [ i A 5L 2R AL I K B A
XA, LSRR Y e AT, 9T TR A B AL
T3 IR B AR 2R R o TR IR N AT
BN 40 C |, S A0 771 3%k 5 = 8K ,pH=7,DBS #%
HE N 0.15 g/L, IR NEUT , JEHE 180 min i fiF &
IR P fife 3R 1K B 42.8% o

I 2 et & U2 ) 5 K e v A D e e AL R
AL 3 BRI PR K, R FH #2310 7 R A A
TR AR B R A ' A R AR T R K ) 4 5
e R 25 o 7RI R KA OREE — B AT, B
RN 36%. JRAKIE 30 CHF, AFMR i,
L F 22%. ERRTEFM T, AR EE .
AT b 55 A o A T A A ' A b ) ol e I I K A
fEAER o

S A PO R E A W e N



.38 . B R

2020 4F

P X BRI (IR B I B, RIS T B s A
O P AR TS R A A D N T e R 6 K 1 4
WRCR, RIT T B R v B R AR X K Ak
G G ) G A B AR I e SR AR B AR
JaMT, X E R EWA — T IR AR AR
73, FERXS AN MR, R 38 A5 A B AR 1Y
I JE 5 3R W A v S R R e e R X K R R
£ EEREASRM, A7 FERKED M
#HH

22 FREMMESRESIESI SR

TR TR Lu H H 5 U SR R BRANGT  2K
BT AT AR EE 4y B T R A 1
SARE. AL MAIEE, SR T — MR AL ]
DL 6 AT o I VSR Ho 765040 - ] LA
AT RIR Y, BIEFE T & BRI G AT
Pho SEREA T AR AHLEL, & RS BT
MURE I AT WG R ) JFIE5R T He (BT H

e ST R 2 A BN I A A PR 7] Gong X ]
G T DLE s E N R PSR IR A b 2 R ) £
BRI ALT . SR XR o6& BRI i 3t
1T T RAE, HOGMEEATE T RIR B & .

B O DB SR R N SRR B
HAF L EIRRER . REREE , R MRk B E 40
LSRR R 1 535, AT BA 88k 2L
M P S B A AL R (SMTBBFS). il X 4T 25
75 (XRD)~ i B it AR 4 2T A1 6 3 (FTIR) 494
ML B (SEM) 584 - AT L8 SO G i (UV-
Vis) IR (TG) 40 W X AL FRIBEAT T RAE, i€
HAA SR 450 5 e /5 I R I A, ¥y
PRICRTRL T A B A AR BOR ;. £E 4841 - W] WL IX 45
HAT BRI G BE JT. 1 Cr(VI) Gk I8 5
KD W B R A [ 45 2% LU AR A0 1) 6 A8 A 0
PERIRE I . 45 R R BER 15 2% L 2.5% I,
SMTBBFS #4471 FH T F# £ £ =i ) CaTiOs/ TiO:2 fi
FHEG R B 25 B DL RO B IR TR 1, T B A e

(AT o
23 &REBHAERESIFESIEIENLT
HTSESBTRAEEZNE, £ TOo 1
mOERLESBEE T, WRBCGERT K
XPVR A IRBE, A o5 2 U E A B 45 DL AE
K, AT AT LASR B Tio: kb is k. 54k,
T2 Rt 48 B 7 BA L Tio. 5 %8 i e i
B, N 2xff Tio: A A KRR SR8 BT
BT OESH g RN MEENESEE T,
XFEXT TiO: G HEAAE A — s, H Tit
FEW, £ T P HEFEMEMB R EESEE T
XF TiO: 6 HEAL P Rl AL BIR 47 (1 i 1R 12
TS R E R E AL ST VB
R s LB E M R LRI A IRE . &
POE R BRI OSEREE  BEFEAT B0 B
DA HOGAT AR, B8 T BR. BRESER R
S AR B M RE OS2I . 7K A XRD SEM 257
X MRLEEAT RAE . S5 RRH VT BT R
B PURE AR A S ERETUE MR T, IF
B 45 2% 5 30 K B v P BB A i 5 P B R AR R VA AR
MIC N Wv,0,=2.5%; 51T i A4 M A2 B EL K I TTG K &
B ek 5 SR P MR R R A T . sk LA
A6 POV DB S B v D JEORE. MnO: e,
SR FH v il AR 4 T 2R Y THO: AR 8
It XRD. UV-Vis WIS 406 Fk 4T R AL, W5
TR pH B AR FE SR T ] 45 R 3R
XFECE R TiO2 G FIBEME Cr IS . 251 3E
A . 800 C FHBRGE 2 h A fS I 5 B s A i e bk A A4
Fhr BB AL TiOn Xt 48 40 X 380A B 1)k
B . (EFTR pH= 1. 62, JEMEALFIFHE N 0.40 g/
L, JGHEETIE 60 min 55T, Cr* WA 10 mg/
L AR ZK  Cr®' I B AR 2R 89, 17% . JH) 5 55 P
% 8 B M b 70 3 T R R 1 LT 4 AE TR R
W BA R0 AR, e BA NS
FeAETE— E R b ol R & B i b (R fie A 1 R



54 1
2020 4£ 8 H

FiF . 4RGPS A AMAE TR «30 .

Re s, B LA SRS T 5
A2 HESR A5 A TR W R RS A VR I B R R, O
it XRDy SEM %573 # T Boaar il 54k B4 0T
RBRE. ARG REY LUK CeO2, Y205
MBI E BN 0.5 % 1.0 %, AT H X IE
FH G B B AR 2R 0 IR B 72 2% 74.0 %o

gr b, BRI H m KR E v O R
FOu et SEL S, Stk B A BUR, AN Be
JB % N R SR ) R SR FH AR T A B B < R 45
Zk (107 S0 R R A AT O FR &
J6HE AL 7 FE 5 S5 ) 5 % A e B SR T
R, 75 3E— 2B A Ak il 2% i b s S fe A R 7 T
PR AN A 1) 7 AT S0t DL 5 O A Ak 208 2
AR BIREFE 7 17 o
3 ek A EpE L E AR R RE

JefEATT AR — R H o A &R A Y ER
SEALY S SARBPRL, TiO: 766 IR R X 2R 85 (1 4
PR FURR EEIRAE BB A BN KR,
BT TiO: JEfME 1AW 7R %R, 3145 TiO: Bt
B AT RIAS W7 % i S 7. TiO G HE AL X S A= M i
YE FINLER 56 b B g -G L it i 72 B AN R
SAEGTHLRE AR SAH L, Tio: Yefth 7
A RE A SCAH B, 10 ELRE A5 [ BT % A e 240 R i
HRAHEEY, ESRE AR &l
KB, HOMEA KR A ARG R 45 R S 1 —
BN 1) A 4k 845 2. LA TiO: 1 AT B A4 RE I 5
FUF RS2, HA TOTO AF & iRE
A TiO2 GHK B 1470 B 8 A A 1 A= M e v i A 2R
FFERE &0 TR Al — A g i 222,

JCHEALT TR 77 SHe AT B B Ay B ROH B R
B RE SR WAL BE IR R
SE PRI S5 KT N, % R ERAE R K B i Al
ML Exm Ak B m i R, o AT R e
(s, S v A 1 Ol A 2808 B i 31— K

W B B S 1 AP ) A I i AR
DAL W, I b T ARt JP 0 1 P43 3
T4 B SRR, BT LT AR O 26 S e A, BT
540 AR R R THOR FOYGHE AL B A b BT
O e B M BRI T S A b e
LT LIS B4 K A LTS e, v AL ER
R, RHRR SRR F (2,

TP T AR AP ) 46 S P B 5 (R D
S ARG TR O LRt T e
0 TiO: VEUE, FEIRIB AR R IEFE R, THEM
REF 7 04T —, R FE  0 o A 7  BhR f
BT T M2 A5 FhL s s ARG, (R
T VAR A 1 R T R R A R B TR,
MR A BRI RS, B T2
Bk, Wb, BITSALGH; =, s
BRI A R T 3B K R | LA 153 /K R LA
WOKARAKR A7 B Kl B TR i A AT 253,
AT 3 W ZE AT T PR S R R, T R
BRI IR S, =, B A
KBS, )32 P T 4007 A 35 K AL B
4 £

(1) BRI oo S — LA 6 b W A
JIHIRPEL, FIFEE TiO: HIGHEAL MRS, HRAL I %
EAPHORAE R, FRR R (5 AT e DA
B8 1 RO 2 % SR 45 00 5% 5 4 O i A
RGBT 1.

(2) BEAREARR B IO BRI A EL
SRR ) B — BR300 P B TR
s b B I M AT R, R % B PR
TERIE £ Se ) R T B (036 | SE R BB e
WAL RS R T R RS NUR, R T
SO, T AT 2 R AR e R
Tk G



0400

s =gl

2020 4F

5 SCH

(1] Lk, SKIIRE , 2 , 55 . Sk B B ALER S A
FAWFFC IR 5 5 0], 4MEk ,2016,51 (7):1-8.

Qiu ST, Zhang M B, Li J X, et al. Research Status and Prospect
of Comprehensive Utilization of Titanium Bearing Furnace
Slag [J]. Iron and Steel, 2016,51 (7) : 1-8.

[2] ¥R 22 BERAE & AR m i SRR AL R LB i@ 42 [D]. bt
AEFRHERAE 2016.

Zhen Y L.New Ways of Recycling Titanium-bearing Blast
Furnace Slag in Panzhihua[D].Beijing:University of Science
and Technology Beijing,2016.

B3] ELrse, XIEER, 408, &5 . 24N S Bk m il 275 H
B [0, #E & B MRS T 2010,39 (S1):134-137.

Huo HY, Liu G Q, Zou M, et al. Discussion for Comprehensive
Utilization of Pangang High Titanium Blast Furnace Slag[J].
Rare Metal Materials and Engineering,2010,39 (S1):134-137.
[4) WAL, B S, BRI BB S m B i A A
FBLR [9]. T AL T ,2017,48 (11):42-44,

Dai Z H, Guan D G, Chen M M. Present State of Complex
Utilization on Panzhihua High Titanium-bearing Blast Furnace
Slag[J]. Zhejiang Chemical Industry,2017,48 (11):42-44.
[S]ARGH TiO2 GAKAA R i) 26 21 S HOG AL PR REWE IT [D].
B P EEE R 2014,

Lin C. Preparation,Modification of TiO> Nanomaterials and
Their Photocatalytic Performance Study[D].Qingdao:Ocean
University of China, 2014.

(6] BRI . &5 Bk b Yy B 2R PE B0 0F 7 [D]. 5HFH
BN, 2009.

Shi L L. Experimental Study on Physical Chemistry
Characteristics of Titanium-bearing Blast Furnace Slag[D].
Guiyang:Guizhou University, 2009.

[71LiY, Yue Y, Que Z Q, et al. Preparation and Vvisible-
light Photocatalytic Property of Nanostructured Fe-doped
TiO2from Titanium Containing Electric Furnace Molten
Slag[J].International Journal of Minerals Metallurgy and
Materials,2013,20 (10):1012-1020.

[8] 5, B, RN, 55 . HEM A EALM R
il 46 B SOOI M B AE [J]. St 2= 50638 44T ,2015 (6):
1677-1681.

Guo Y, Jin Y J, Wu H M,et al.Preparation and Photocatalytic
Properties of Supported TiO2 Photocatalytic Material[J].
Spectroscopy and Spectral Analysis,2015 (6): 1677-1681.

[0] 754, x5 K, & BB RS IS E T R

A R BA R B R BEATE 7T [J]. &)@ A1l 2017 (12):169-173.
Zhou X Y, Liu C, Lei X F,et al.Degradation and Adsorption
Behavior and the Mineral Characteristics of Nitrates-modified
Titanium-bearing Blast Furnace Slag[J].Metal Mine,2017
(12):169-173.

[10] ¥ f , BEMIK , A2 B, %5 . S ek s AR e e s
fif 7 LS [J]. R CAR SR ,2004 (3):265-268.

Yang H, Xue X X, Zou L,et al. Photocatalytic Degradation
of Blue with Blast Furnace Slag Containing Titania[J].The
Chinese Journal of Process Engineering, 2004 (3):265-268.

(1] 5 IEA . &5 P HEAL B A AR 2R PR K D). TERH = R
JEKkE, 2010.

Lu Z X. Photocatalytic Degradation of Nitrobenzene Wastewater
with Titania-containing Slag[D].Shenyang:Northeastern
University, 2010.

[12] GX5d, DEFE B, 5 SE0E I #OGHEAL  f h
B PR (7] IR ORI R ,2009,35 (5):15.

Ma X G,Ma Z X,Yang H,et al.Experimental Study on the
Degradation of the Furfural Waste Water with Titaniferous Blast
Furmace Slag[J].Environmental Protection Science,2009,35
(5):15.

[13] F= R . DA SR v O 2 o B N T30 e 0 A2 35 5 7K
TRV 2 BRIERE BT T [D). P AL - P UM R |, 2017.

Ji L C.Removal of Nitrogen and Phosphorus from Domestic
Wastewater by Constructed Wetland Based on Ti-bearing Blast
Furnace Slag[D].Nanjing:Nanjing Normal University, 2017.
[14] Lu H H, Li L, Wu X R, et al. A Novel Conversion of Ti-
bearing Blast-furnace Slag into Water Splitting photocatalyst
with Visible- light Response[J].Metallurgical and Materials
Transactions:B,2013 (44):1317-1321.

[15] Gong X J, Jia F, Liu R, et al. Study on Preparation and
Photocatalytic Activity of Photocatalyst Made from Ti-bearing
Blast Furnace Slag[J]. Applied Mechanics and Materials, 2014
(526):33-38.

[16] & EH K, BEFIK, B . AT eOvEx & BopP R A 1
RERIREA [J]. RAEKF 4 BIRRHFR ,2010,31 (6):838-842.
Lei X F,Xue X X,Yang H.Effect of Surface Modification
on Photocatalytic Effect of Titanium-Bearing Blast
Furnace Slag[J].Journal of Northeastern University:Natural
Science,2010,31 (6):838-842.

[17] Lei X F, Xue X X, Yang H. Preparation of UV-visible
Light Responsive Photocatalyst from Ttitania-bearing Blast
Furnace Slag Modified with (NH4)2SO4[J]. Transactions of
Nonferrous Metals Society of China, 2012, 22:1771-1777.



54 1

2020 4 8 g

=R 3 s AR MR BT R

0410

[18]Lei X F, Xue X X. Preparation of Perovskite Type Titanium
Bearing Blast Furnace Slag Photocatalyst Doped with Sulphate
and Investigation on Reduction Cr (VI )Using UV-vislight[J].
Materials Chemistry and Physics, 2008,112 (3):928-933.

[19] THE, BEFK, G, % V" BRE R BT
B ARE R ) £ R TR PERE T 9T [J]. NERELAR ,2009,30 (4):6-10.
Wang H,Xue X X,Yang H,et al.Study of Preparation of
V3" Doped Titanium-bearing Blast Furnace Slag and
Its Antibacterial Capability[J].Iron Steel Vanadium
Titanium,2009,30 (4):6-10.

[20] Sk LAk, EAEIF . BSOS B TR e A 7R e A R K
G CroI]. &R 2017 (5):181-184.

Zhang S Q,Wang W Q.Manganese Nodilied Ti-bearing Blast
Furnace Slag Type Photocatalyst Degrade Cr®" in Waste
Water[J].Metal Mine,2017 (5):181-184.

R1] %, BE, b2, % BRI L& RS RS
FeHEAMERESZ I [J]. X8k ,2010,45 (10):90-94.

Zhou M,Yang H,Piao E J,et al. Effect of Rare Earth Metal
Doping on Photocatalytic Performance of Titania-bearing Blast
Furnace Slag[J].Iron and Steel,2010,45 (10):90-94.

[22] F . A &5 Bk e T ) 4 M e 1) R B 7 S LT R
PERYIRI [D]. TEPH : ZRAEK 2=, 2010.

Wang W.Experimental Study on Preparation of Ceramics

from Ti-bearing Blast Furnace Slag and Its Antibacterial
Aactivity[D].Shenyang:Northeastern University, 2010.

[23]Tian A, Yang H, Xue X X, et al.Antibacterial Ceramic
Fabricated by The Ti-Bearing Blast Furnace Slag[C].
Proceedings of the 8th Pacific Rim International Congress on
Advanced Materials and Processing, 2013, 1627-1634.

[24] 596 , M 55 . — ORI T e A A P g Rl e B il 1R
779 [P]. HFE : CN201810870750.2, 2018-12-28.

Su T,Yang Y.The Invention Relates to a Ceramic Glazed Brick
Made from Blast Furnace Slag and a Preparation Method[P].
China: CN201810870750.2, 2018-12-28.

(2571 XBFFF- , s . R ek 2R e by v 6 o M A2 7K
J7% [P]. FFIE : CN201810987225.9,2018-12-17.

DengZ P,Liu Y.Preparation of Photocatalytic Water Permeable
Brick with High Titanium Blast Furnace Slag[P].China:
CN201810987225.9,2018-12-17.

[26] FHE , UHAETE , 254k . — T WG B R A5 2% 5 Bk
EHPCHEAL T E A R4S [P TP E : CN2017100872028,2017-
07-14.

Wang H,Xie Y Y,Li M. Preparation of Cerium-doped
Titania-bearing Blast Furnace Slag Photocatalysis
Antibacterial Material with Visible Light Response[P].China:
CN2017100872028,2017-07-14.

Research Process on Photocatalytic Materials of High Titanium Blast Furnace Slag

Huo Hongying'?, Li Ruiping®

(1.State Key Laboratory for Vanadium & Titanium Testing Panzhihua University, Panzhihua, Sichuan, China;

2.College of vanadium and titanium, Panzhihua University, Panzhihua , Sichuan, China)

Abstract: In this paper, the present situation and problems of utilization of high titanium blast furnace slag

in Panzhihua steel are introduced. The research status of photocatalyst preparation for high titanium blast

furnace slag in China is summarized. It is considered that high titanium blast furnace slag is a material with

photocatalytic degradation capabili. To explore different ways of modification to enhance the photocatalytic

effect is the futu reresearch direction for the preparation of high-quality blast furnace slag photocatalytic

materials. At the same time, the application direction and possible environmental protection products of high

titanium blast furnace slag photocatalytic materials are proposed.

Keywords: High titanium blast furnace slag; Photocatalyst; Degradation rate; Progress



