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Abstract: Blast furnace slag is a type of bulk solid waste generated by the iron and steel industry. The high value-added utilization of
blast furnace slag has been the focus of research in the relevant industries, which is of great significance to the green development of
the steel industry. This work focuses on blast furnace slag and reviews the progress of its use as a photocatalytic material for
wastewater treatment in the last five years. Firstly, we introduce the basic information of blast furnace slag, such as the formation and
mineral composition of blast furnace slag, the feasibility of using it as a photocatalytic material, the current situation of
comprehensive utilization at home and abroad, and the problems in comprehensive utilization. Secondly, the current status of
photocatalytic technology is briefly explained, covering its mechanism of action, performance improvement methods and
development trends. Then, the progress of research on blast furnace slag as a photocatalytic material for wastewater purification is
described. The existing literature on the factors affecting its photocatalytic efficiency and ways to improve it are discussed. Finally,
the treatment and application of blast furnace slag-based photocatalytic materials are summarized, and its sustainable resource
utilization is also prospected.

Keywords: blast furnace slag; high titanium slag; photocatalytic; degradation; pollutants

fagiit, HET 2020 FAETALFE K 37.87  EEEEFE B SRR e SBESEY,
fe t, HoiaeE bt 18.19%, 4 6.89 14 t, My TEENTEFUER. BT, HEHR. MEK
KT B R A s T EE, wadE . SRS E . B SR, T T

ek HiW: 2022-08-07. BITHA: 2022-09-02. Received date: 2022-08-07. Revised date: 2022—-09-02.
FATH [EHR A RRHESEE S % B H (51904004). First author: LI Mingyang (1985-), male, Ph.D., Associate Professor.
B—EE. FWRH1985—), B, Mt Bl E-mail: my.l@outlook.com



51 ESE 1Y A &

= PSR ARLAE PR K AL PEATUSK (1 7 7 33 i < 271

B EKYE . THUIERL. Bk, ROWBE. )6
IR PUEM B . BT 2R 25 E
M HERES MM LA R RRL, E S
5 2 FH T ) S5 AR POV K e Y. B ) v ek i
SROTERR T AHCP =L EE, (B ERIHEARAE . T
A B MG GG AEAR S ), e miR i
IR UL 2T I 2 RRIRTH #E K BOA s AR FH 2
S5 A, TkadE P AR RS, Rk,
P () R DB R AT = T2 TR N R A

HAEWFEAR R — PR AL ATHFEE R .
REMMRIGEIAR o TEKAEERATU, ZHAR TR Fi51b
RAEVERYE . mE AN RS YR K.
AICLEIR T IR 5 ER m i F T b A A R 4 &
FLAE PR /K AL R AT I FUE i, Xof s 2R A A7) () o]
A T AT T HGIRE LS, X R S
PEAR TR B R AT gk AT 1 R EE .
1 BN ERE
1.1 SIPERR A AILE R

R PV A TR P R s R A ) AR R R AR 4
FR SR . X L KL, PR L
RIS T KGR A AN A1 52 1) A
B SPEREENFRS N Siv Caw Mg, Al
Mn ALY, 25 s S iEr 95%, —fid
EHMEALY), 40 MnS. FeS il CaS &5, 4kt
HIE S TiO2s Vo0s 55« mil &S ALOs. SiO,
FEZR AN A A, T BIE U2 MgO 5 CaO
(1) BRI TRk R RG22 (1)
AN, R A B T 2R 4 R s AN AR AL
LN

B R R R R MR LB RGBT R A 1
P, AR Tio, FiE s B m KT 3 s
RS B R P (TO, TR 0 UK T 15%) K
RSB P (TIO, T EUN 10%~15%) FIiK
R R m P (TIO, L& UM T 10%), 20 517
AT EEA . AR AR = A m 0, DB ek i
), e F A A RS T R A AR R, (H
HT&A 020%~025%M V,05 fl 21%~23% 11
TiOy, ST WH KB BB KER, FEY Y
MUNESERR™ . BMA. RMAMEKRAES; TiE
BERAFE T 5K Ti(C, N)FUERE £ 3 Fhoy P vk,
Si M & FWAF T IEMEAT Y+ .
1.2 EREPEEECRERTITH

SEREPE R S A Feo Mg, Al & )RE 1

Al S0, ALO; Zb B WIRE NS A b = AL
BHOHEEALEERE. FTE IR E T, BRI i A% B
Be T e A TR U R A, e T TS
PEo [FIEE, 38 B4 B8 A IR SO A 3 Bl 22 T D
JEXI8(380~800 nm), & HRKFHYERI A2, Sl
PRARRERE, TLIRA. H4h, FEEEE RN
W] AR AR, T Hl s B RHS LR K, AN
IR CABZIR R, fif v ] P HEA KIS G i) /L, 38
Re7n 7 I IR SR, AR 1) Tl At 72
PR MR
1.3 ERIMERSIFENGETIA

EE . HAL i E KRR B R S T
ERVET 100%F H o 4 sl Rk B F I 8™ —
W EE AL 3%~4%[ TiO,, 1RIEE =4 m =
B TiO, i 7 B A M ARAR, 385 VKT 10%01
RERE . JF HL VG RRORN H A% 265 [ 50R0 1 X @ iF 73
R KB ERE R L, R Y&k mE
TiO, B & w1 10%K0), il £ IR/ Ve (58 E A 2
IR, HAKRSE S Tio, il &0 52
AR K R Hk, EAM S-S — K. |’
B Rl AR R S T T SRR, B
A A AR B ORI, B RIRZE AR A EIE T .

SEA i EARE, S E RS E R 2,
bR 1 s E AR R S, B EA KEN S
BRI . XSS AR TiO, R BT ik B
23%~26%, ECAHEKVEIRRE, 1 H A2 YA AE
W R IREU R, P ERZN 10 pm, SR
PR T BUR MK He 2 BT, Btk v b 8 (1 2
AL RIS, S E IR T KA L HER
FAEZR, MEHAMREN S, FES NI
A AERER R, k1 FoR.
14 BUREFEZEEFAMRPEENEZE R

HAT, A A B o s 11 52 B ) FH AR A7 AR 1
AbFE /D R KPR A Rl A e 5 e A PR o T
HGAEFH. — &R Er s s a i, &
A A R AR A 7R 5 A v 25 R
AT KRR TAE, HEE TEZ AR, HiX
Be 7k 2 AT A SRIR =K b, AR Tl B R A
BOL+ G BR, A REIE NN~ 300 /5 t I
B RPR L. &K AT DU Ok 2 S 3 UL
Sc, 1H Sc MR, IR T &8k m b i 1
FTY, )P 5 kv P A A e VR A R B [mT ST
B TiO,, 1A THIRIIIR D . KA LISR N &
R P AR B R FH RIE A 3%,



.« 272 . CRERR Sh2230)

J Chin Ceram Soc, 2023, 51(1): 270-282

2023 4F

B Sk IR A 2> 2K

Fig. 1  Classification diagram of resource utilization of

titanium-containing blast furnace slag
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Fig.2 Diagram of the action mechanism of semiconductor photocatalyst
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TiOyv B &R MAE SR 1) TiO, Jo AL HLEE 4n &
5 FiaR™l. BT Bt R F R B AL E R
[F], N [E 45 2% o0 20 F 7 3802 /AR ZUR A
b2 AFEZE R B R ITTR BN ZE
IR TT 2 P 0T (A B8 - AR AR FE) I 5 ), 3852 &
J% 7 i g O

1) &EBR*

7E TiO, F1454% V. Cr. Mn 1 Ni %5 JE )8 7T
=, ReEIE 2 B AR5 4L 0 Bt E A AR HL X
SRR, MR AT RS N e i 1R
HELEMETYE TiO, M5 (CB)EM 1 (VB)Z
R A AR, #HeSEudiES RS R SFEOER
WX B R A mr o F

K5 40 TiO,. BR&RAEEIEK Tio, oL
Fig. 5 Mechanism diagram of TiO, photocatalysis with pure
TiO,, doped metal and non-metal
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A BT R BT T TiO,. 4 0.40 g/L JufiE
WHIE T pH=1.62. Cr*¥kE )y 10mg/L HIAEILE K
th, JRREANEE 1 b JE, WPBHLEKE O R
A% 89.17%.

B BN BN AR R AP N R, SR
HAFERSEF B, aaldiardl. & S sos
BRRA-ARILSB A, BR TEEIDLUNRER
JE B2 BBRE I [a] X AU, 5 Y I H O 0 VT
BEfE AR Y, gk 1 R, AT AR BB 2
SRR BAR T TR B4, B KR SE = &4k
P PR A AT DL,

2) E&EBR

HT & BB RO B e %, BHAF
R TEAHTRMER, & RIE T34 Tio,
UL AR 25 32 DY,

A Fs O R R 5 NN S AR P R

*1 TRERTTE

£ 300 CHebs 2 h, 2038 T s B B Yo 8 A 25
¥, SRRRIB ISR E B FI(N-TBFSs 0.300) 18
I FE N-TBFSs 0.300 FEARH P Cr(VD)HIS2HA K 2= K
B, KBVN A pHAE . SOSITE] . AL
M. % Cr(VDFIIRIREE . 76 = A AT e i
SR, K 0.1 g ) N-TBFSs 300 ZA pH=1.5. HEf%
BRI FE N 20 mg/L FIRSEAUR K 34T 3 h 1
SONAEER, X Cr(VI) R B 22 5k 97.80%.

F7 T LB S R P o R, % TR
A& E BRI (N-TBBFS) G iAo Tl I XS LE sk
ISR, TBBFSs.300 X Cr(VI)FIFEHE A IE JE 25 R
B HE— DA TR S SR A o A ) A 1 R )
WA H, 78 pH=1.5. K48 6 h &4 T,
N-TBFSs_300 Al IE K H 1) Cr(VI) A E e Ak ik
i, BB SRR AR I SR Cr(VIIRBE 1 B
B Cr(VI) L R

SRS INEMEME MB

Table 1 Degradation of MB by high titanium slag doped with different elements

Doping element  Preparation method  Calcination temperature/C

Doping content

Calcination time/h Degradation rate/%  Increment rate/%

A% Multivariate solid

L 800 W(V):W(Ti)=0.45 2 83.5 26.9
phase sintering method
Co Liquid phase doping .
. 600 W(Co):w(Ti)=0.03 2 89.0 324
and sintering
Ni Liquid phase method . .
L 500 W(Ni):wW(Ti)=0.02 2 80.0 26.0
and calcination method
N):w(Ti)=0.30
N. V Solid-state method 300 WON)-WTy 2 97.0 47.0

W(V):W(Ti)=0.45

W is mass fraction.

3) Hedktr

B 7 UL EABIRERB 4% 2 Fhor 4k, BER
N GOREE 5 NRE . R AR NG SR be it AT
EE I, DA OB AR 1

2 OV 70 T W30t Ak b e R g
(RS2, 2 300 RG A 3R A% 32 38 P (Y R vy s v 3
e T T (A S B AR AR FIE AT IO 5 4,
AR AT e P S A o 7 0 X IR RO e T . Sk b
B2 800 CRILEAHLE, 1ELAMEIRT B4R
MB VW, 4R R )Y 4.76x10° A/m I, J6fiEfl
TR R, AN E] 9.52x10° A/m I, T4 AR
EE e AR

01 2 25020 3 P g 5 Aok e 9 R A T R D 7 K
BEEEN, DL BN N T e
SEAG, R A SR A X R TG (R Ak PR AR
. GERFW, FEEET BRI SH
FEERE™; LF 46BN 0.93 pum; ek LR VAR
214 1 BEE A ORI 4B A, o Tio,

(B E0N 32.99%; 1F 254 nm (IR AMEHE T
Rer AR TS O, BEIIARYE A L ERE: &
BRI VAR PR L E R R R TE SR
R, BEINEN 1.0 gv KA 10 min, 8484
SR N 2.5 mW/em?® I %) 400 mL W N 8.0 pg/L
BRI A IR R RE T B, RS ERRE R
23.61%, JEMEIEMERAN 8.96%, i LBREM
37.84%.

You ST N JERE, B E AR E T
HATR AR B T & 1 T BBkt 5E 1) EBFS B
o £ 1000~1150 Cleas s, MMARK
AT ERKIZA, BLE 1150~1200 C2%MH T b3
[RE S P ORFEANS,  IELF 3RS T S AH A X i 5 2 4
(7240 . W50 R B RhB )G ARE AL A B il R i 2
W T S g E A A 5> 2L, 7 EBFS-1180
B Bk Bl i KA . TEIX PR, SEEMATE
pH=2 KM ERRES T o] FEf# R 1A 77%0H) RhB, 24 h
J& PR & TR AN 0.03%, F B EBFS-1180 Fi'& E
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Wang 251 ot 2 SN ISR [ A2 36, BF AT T
16 G AR 5 0 TR R TES 6) JR 7K A LS B TR 1) P i it
H. EEREZ 1200 °C. 120 min HIVE &1L, #1k
NEAR AT PERE R IR SR . 44
RAKFREG BN &N 1.5 g/L, JE VAR E A 10 mg/L
I, BRI G0 JE R R B AR 2R I8 3] 48% LA o LA
FON R PR BEAE Z AL T — Pl B 2L Ak 2
Jiike

P ) 2 A T 1 SRR3R v s
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DA TF I Re 71, g 2 B
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SR AT PRS2 ) 2 5 T A
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PEALRP R RN S SRS 2 AN 5 TH -
4.1.1 bR R BRI R DT, wF
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RIS RA B I LR THAR . FLFR S RO OB AL AR
EEHENEA R, HAXTRE . Je R A
AJ R RO AT RO VPAl . WP R 5 T
iR kA, & HbRTs 58 RO s 785
FEA B A, A5 e B A AR B NI E A
22 HERT AR, g T et
YN IFAR SR, X JE S A A S
WA B R R

15 G (R Bt 32 B2 e R AR B R TR
FLB 38 0 2R T o % S A & R TEALER BT A pH
HEEFR R MR . EGER T AR BT 39 0 4 £ 7
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WG TR RE 77, T S ALRR B A LA T 2
(RO P 57 R AR B I8 , BR 8 A R A Y AR F
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WPt tERE, STERBGEFEMER IS, RO
B A BRSO A AR . B & R AR SCS,
IS 2R B TR RN R R I BRI A
B TR R 28, B iy AU B 1 PR FH = 1
1594 MB,  HIERE FHE R e DA B 7 47 8L [ MO,
FEMO MW FEAERCRAK
4.1.2  JRPNIFAEEF A JSANEZN RERRYFINA L)
B R SIS IE] . TR 55
VIHIRE . pH [EREHLEEE FENE, HXTAM
PRI S, 52 & AR 2R 52 YRR B A —
FEo JAF5HSED T N-TBFSs 0300 AR FE Cr(VT)
IR, 25 S5 R 2 R M U HH oK 217N 933 8. pH
B MEFE, S FI R Wl Cr(VDFIRIK
B o AR RIS SCERIN, NI 2 8=,
FCVEFNE 7 NG RAMEAITT WO 3 B, W
it 1) — AR T 3 ho Li 25027 4% 1 CaTiOs—% FLith
L REPR I MB RN B R RE, T
TR EEASR] TR B 3T TG Ah S AN [R) ) 52 2% 18
BIAS [B2H 73 A 250 A 8 0 N i 87 91 [ A7 A 22
o SNIITA] AL TR B AS Y] aa R B 5
AL RCRE e IE R R, RIMAHHZ MR,
WAL, BAGEEICEN, SN AR
T HERZ . YIRIRERS, Bk
RORBE R, BB Rk .

SR Z ) pH AR AR A2 0 e R A R SR T
FLaf FRARFAE  SRARAR I ST TR 1 DA S AY & 4 1A R A
FTANS, MRERE TSI, RO SIS R
Kl SEFIUNTE:
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