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Fig. 1 Flowchart for ammonium sulfate roasting method

Zhang Y. 5 BEGE T SR F LR B 4 L v b
RV B i T T IR B - K A T L

8 = 1. SN ik 360 °C i if [H] 35 min 5T,
BRIZ 30 8800, B4R U B A Ay, (R Rk R R
W E N 23% AR FIRegnE. it -2k
BBk %, Zhang Y. UBIFSE T AR &R AR
TR B, 25 F AR - 6 BRI i L R B 5 /K VAR i ol et
ook 8+ 0033 = 1, J i B 410 °C | J I B[]
36 minfl 45 1 T, K B AR IR R AR T =
94.7 % 2 i TiO, Ji /4y 50k 3. 20% . IR F
B R 12 5 Ay gk R 322 8 WK At o A b R R e 70 U 1)
B, W P oin A EDTA 5 Fe'r # 4, A
PRI EE-1,2,3- =R SREME A, B HZEK
P pH, iR ORT R 4 2P D0 BE . UL VE 2 4
93.6 %0 F185.6 V0 s — S Ak kA AR B = ) 4 B 4 )
k1 96. 35 % F1 80 %6, %k M AL a5 S il B AR K
e R B R R 0 R L PUBR R R T R R R R
DA A, HRON AR R &R I TR
Kt RV pH, K A L BE SR AR L A | ALY UL
FEIE S 2 [0 i s Bl 5 2 EDTA Mk i, T2

Xiong Y. J. %20 44 i 2 2 5 7K ¥ & Bk
B 2+ 1TIRA L 7E 390 “CF M 1 h, frfe
FEYIH 5 V0 B R IR Bk B AR S R RE 12 R )
WK 85.0% .94, 1% .84. 6% .86. 9% 1 30. 3% ;
ZJEAE 10 CTF SRR R 1 B8 D R 4R 4 O =
S5 AT AT REE 84005 BRI AEO-9 2Bk 5
X &5 b BV P 04 T T R R R AT B B L A9 B Al R
k97, 37 % (L FL SIO, L BE B 2k 85 % 5 ik &
I K B BE AR AR Al Ry 99. 101 TiO, ., 1%
T2 ) P L TR 5 e e e PR AT R e 1R 1) SR B PR S B T
BRI B T R Bk 7 Ak R R A AR R A Bk L
232 S10, 4B, 164205 i A0 i AEO-9 22 B¢
o3 B R U LA N

Ju Jo RSP B R B 5 K VR 4% T A E
2.5+ 1IRA 7 380 C R 1.5 h, Frfg =4 L
1 mol/L i BR 2 i, Z J& F 5 W b 1 7K fige L
U JBRS Ti K B3k 97. 39 % . T /s TiO, 4 B hy
96. 07 % ; P i@ 1 4 7 pH £ 3. 80, ffi Fe'" L
Fe(OHD ;& AUV ;s >R H B BRAVE UL IE A . il Mg™™
PL MgC, O 0% X UTVE » YLTER Ky 97. 51 % ; FEH 5
pH % 6. 40, ff AP L ALCOH), JE UL 3E  PLTE
RIK 99,57 % ;3= i AP A R A AR R
TR 217 %% A0 A B IR i RN B R 5 . % T L REZE &
AL & Bk b TP R LS VBE R AR R B R



- 14 kiR %

2026 4F 2 A

Bl AL AT RS FE R P  A OR RAR 3 R I R R
i 2 A PR A E T AR K, B AR
M2 385 Mg™" Wy S5 i 75 B ifE — 2L B0 IF

5 A T7 R L SR FH B R A e vk Ak B
BRI AR RME PR L U [R5 R BR R T
DB 5 (i v R AR 12 A i L 3 R TP R
FRER 73 BT 25 G % . QN R A Dl bk [B)
A B Tl AR
1.5 SsgiEkkx

AT Pk R T AR TR IR ) —Fh
B HFE IR A A — B IR T T R be
R B AR S SR RN JE TR
aN ST Y AR N VS P NS B e £ |
T R el o w2 . O SRR AR SR Gk B e
PAbH 20, 78 % TiO, F =5 0 i, 38 i & Tk B 6
b e Ak BRAE v s N S VBE S T R Ll
R E L =R OB w1 37 =R G A S
MER A A S 5 2 0E o BRI L B R A LA LR
FERFUCE LI TR AR . MR A R R
WY FERT BRI BT 450 °C JRF BT IR 1 h &AL L
40 %0 ERFR U BE 900 R B R T & 1L 5/1 R B
] 4 h 2R 90 C MR 45 A VBE LR 4
3k 73.22% .90, 04% .91, 39 % . Bk 1 2k FAL K
0.34% o itk —548 gk M L 5 R AR X
FH me 1z it T A R T A SR AT TR AR SR i g
GE R LU TR RGBT 469 °C AR IR E] 0. 97 h,
SACECTCL LR 41 00 AR 45 1 T - 40 i B =8 mT 42 7
£90.39%, @ TiO, & R WA B W BT, h
38.3906, ZILXTER Y B AR MUR 5 R kA
M AR E TSt CaTiO, 0% M8 2% . S 3045
B AN BRI AR 3K A 1) T R e e
Bio ATk BB 5 AR T S Ak B e e RN L R
B AR RV O R H  Ah BE R A 5 55 A
K5 e 1ok A v Ak B R R 2R i 7 ) AL E A
SRR A, LR 2o B v R TR O R S
[ R B — 5, Bk PE, B T %
B WF I R AR D 8 TE Ik S Tl Ak .
1.6 ®IARE

R Rl A B R P R AR R AR
fifi U AR Ah CEIBR R A1) 5 A K R 0 i R A
Na, TiO; . Na, SiO; Fl NaAlO, , J:AR$E 3 F =4 14
S 22 5 UK Rt Na, SiO; #l NaAlO, , 1 H
iRt Na, TiO; . i J5 4 K fif 19 8 — & b5k,

PL NaOH Ry i , 32 8 % A 09 KR AT -
2NaOH+CaTiO,=—=Na, TiO, + Ca(OH), (12)
Na, TiO; +2H, SO,——Na, SO, +
TiOSO, +2H,0 (13)
TiOSO, +2H, 0 =——=TiO(OH), + H,S0, (14)
He S. Q. 9 ek m b il 5 [ S LR &
WS Rl 5 BT AP 0 K2 AR b s b R AR A1
43 LA Na, SiO, Fl NaAlO, f7% 28 7 2 42 B 10 6 &
ERIAH A Na, TiO, JE 20 4 T 15 AH 5 38 40 730 5
FiR ¥ 0 FIOK fif % T2 A0 HEL 19 3 HLTHO, . % 5T
25 R LR I RO BE 500 °C LKA R ] 2 h S5 4
T A Rk e 6l 91 %, REFNEE IR R4 5
45 %61 83 %0, Hr i k12 H R BAIK E FHT AR B
PE Na, CaSiO, s, A RF5E R0, IR a1t
SR L B T K B0 A LR R R R
900 °C . JA R 3 h. BEAER Wi T A A L.
Li X, S5V 8F 58 T & A AL R RL AN IR &
Yot Sk s AT O . BER R E R
AL SR R E LN 3 1L RAMLME
ek E O TR L 3 ¢+ 1R 500 C &4 F I
il ¥ v BK WA T §5 4k A Na, TiO; 3 Na, TiO; 28
B R 43 fift K fift o T A5 2 Al B ol 99 96 1 R AR Ak
A S 200 T T S AS i S R e e
JPts BRI R A B R 72.4%.99. 8% . T4
Xk B VR CRE 40 BRSO B AR Ak Bk B R I
I T B R B 9 B TR e 0 5 (ELA Lk A R
O R i B R R A N I R K . S Ah AR
ol R R Ak A [ oS R M R R, BTk A B
BEPE R %k T B — D MR PR Y ] R
g I ks i TP Bk S R Rk L RE A 4 B ROR
BAF AR IR P I A o T R B . & B
bR K o A TS Y B A s S A R iR
FUIK At 3o B3 23 77 A PR s T TR » I 46 A 3 R g
PR 22 T 20 1 Tl A 0 FH S R

2 BIZXLEE

2 LR E 2% R B OCR XL IR 1, iRk
PRI R R . A PLIR TR L BEFE AR . BRI
AR E T AT LR B [T s b R R A
JLE I P BORATY 5 2 — 22 0 9 5 SRR IR HH 35 A&
B R BE T O B R AR AR W 2 (H AR IR IR Mk
HE LSBTl A - S8 B R 68 1 A 1 Bk — 20 B
FE 3 B R R HH I IR B 4 i 0 X 7 5 B R M




545 B 1)

AL A5 DB B i TR RV B BRI Y O

e 15

HR R R 73 5 17 L A TR B A alk mToR T R
TR pH . i o 28 DUTE [ I A B
BB AT . LA R B AR R AT A T S B

W5 G s 5 A 7 12200 LU BR ORI 35 Y S0 5 Tl A
X i K S R VBR L RE Y 2 B ROCR B L (H R
FE R XERLSE B Tk AL .

Rl ARIZHEGRBRILL
Table 1 Comparison of conditions and effects of each process
TZ SR/ °C S I 8] /h ERPLBUR/ % HDRHIA i R ] 0 x TR
R BRI 100~250 0.7~2 80~85 Ko HE LA Tk %
HhmE 90~150 5~10 90 K i) , <10 (R IR ) M L i JE R A AL A
HPLRRE I 50~130 0.5~5 85~99 K Al 4y Il 3z
T TR i I il 320~410 0.6~2 84~95 K. o T H FEARTE
AT R 450~470 1 <1 N R
Rl 500~900 2~3 91~99 R LA T B R BN R

3 GRERE

SR fi B R e T A B A R4 B R B IR AL
F AR T ST S 22 R DA e 43 B 4R R Y T ik
AL B IR v ik L ER IR R ik A LR R L LR
P e J o 7 L AR B RS e L R S L (HaX s
TS H R AP S A 4 T L
T 7] 1 R VR FE 3 B K L BR B R £ & T IRk b, 3L
b 32700 24 ¥ DA R0 SR FH S B i i R B 05 G AR A
J o, BT 20 B 2% LA 1R FB A T kAR
R a AR AR AN AR, S 3Ok R S R AN s 2K
T AN G T Bk R A T AR X i v gk LR
B B AR A A A3 1 43 S AR R R R A
PR Al RE AN L B A N S R e s P R BR AR
5 VB AE G JE IR AT MU B R G R B T
20 R R e M Rl v A s J At T2 W I 5 G v R
PEBIXT UK 5 B Rl AT 2 BRI . 5
A, B ET R ST 8 £ X TIO, i 40 B0 20 %0 42
AR R s % THO, BB AR B T 10% 1 &
B i Cnml b R £l S ks D IS 5

FrER T i A Ah B T2 F 9 0 RE A9 D B AT
T T2 T B 2 B RSB A B 19 B0 L 9 2
BB R 55 kTS Y R IR IR 2 . STk
BRI e i O MR R R BRORN B UK R A W
JI R R AR . DUE SRR SR SRR R
BUR TR A B B AR S AR A B o B R
B B BRSO B s L R AR R SR BUEK
BUR T AW BEREAIC 2k Bk v L 0 i X
T2 TR 20 B RCR R W B L R IR Y

AR R AR BRI IR AT RE ] i v
oy . SRR . 5 Bk b i vk B OBk 1 K
JETT 10 PR R R — PR RS {5 Y /N T E e L fE
FEAR AR 7™ il 5 SR 1Bl T4 200 e
X R BR R VBR LB VBE AR B R B IR AT R
SR RZES IR T2, BT e, dt % Bt
FAE YRR IR & S G O ARBIOR 2T i

S & k-

[1] CAI Y F,SONG N N,YANG Y F,et al. Recent progress of
efficient utilization of titanium-bearing blast furnace slag
[J]. International Journal of Minerals, Metallurgy and
Materials,2022,29(1) :22-31.

[2] LEIY,SUNL E,MA W H,et al. An approach to employ
titanium-bearing blast-furnace slag to prepare Ti and Al-Si
alloys[ ] ]. Journal of Alloys and Compounds,2018,769(8):
983-990.

[3] SHIJJ,QIU Y C,YU B,et al. Titanium extraction from
titania-bearing blast furnace slag:a review[]J]. JOM, 2022,
74(2) :654-667.

[4] FAN G Q. WANG M. DANG J,et al. A novel recycling
approach for efficient extraction of titanium from high-tita-
nium-bearing blast furnace slag[ J]. Waste Management.
2020,120. DOI:10. 1016/j. wasman. 2020. 10. 024.

[5] WANG Y,GAO X, HE S Q. et al. Kinetics of extracting
valuable components from Ti-bearing blast furnace slag by
acidolysis with sulphuric acid [J]. Frontiers in Chemistry,
2024,12(1) . 1-10.

[6] WANG L,CHEN L,LIU W Z,et al. Recovery of titanium,
aluminum, magnesium and separating silicon from titanium-
bearing blast furnace slag by sulfuric acid curing-leaching
[J]. International Journal of Minerals, Metallurgy and

Materials,2022,29(9) :1705-1714.



16 -

AP IE]

&

2026 4F 2 A

(7]

(8]

[10]

[11]

[12]

[13]

[14]

ZHOU L S,PENG T J,SUN H J,et al. Thermodynamics
analysis and experiments on Ti-bearing blast furnace slag
leaching enhanced by sulfuric acid roasting [ J ]. RSC
Advances,2022,12(54) :34990-35001.
YANG Z Y,YANG F,YI M G,et al. Estimation of reaction
heat in Ti-bearing blast furnace slag—sulfuric acid system
based on mechanical mixture model[ J]. Mining, Metallurgy
&. Exploration,2021,38(2) ;1247-1252.
S A ] SRR, R AL B v R R TR I K e )
i BRI 04 3t B2 3l = e L) . A T8 9 5 n 1, 2022, 51
(1):1-5.
TANG Yumei, HE Sigi, HUANG Chen, et al. Study on the
process kinetics for producing metatitanic acid by boiling hydrol-
ysis of acid leaching liquor from high-titanium blast furnace slag
[J7. Industrial Minerals &. Processing,2022,51(1) :1-5.
oS el SEAE R R A AE L BRI R TR R R I K
ikl g — BRI BF 52 L0 ], B9 Bk BB 2021, 42 (3D .
44-52.
HUANG Chen, HE Siqi, TANG Yumei, et al. Preparation
of titanium dioxide from acid leaching solution of high tita-
nium blast furnace slag by boiling hydrolysis[ ] ]. Iron Steel
Vanadium Titanium,2021,42(3) .44-52.
YANG F,PENG Q G,WANG J,et al. Co-removal of Fe/V
impurity in H, TiO; synthesized from Ti-bearing blast fur-
nace slag[ J].Nanomaterials,2024,14(12). DOI; 10. 3390/
nanol4010012.
IR ARG R RIS % Bk s i A Bk R R B Y
[J]. 1A 42 ,2015,34(1) :46-49.
MA Guanggiang,ZHOU Min. Beneficiation of titanium by
leaching of blast furnace slag using hydrochloric acid[ J].
Hydrometallurgy of China,2015,34(1) : 46-49.
SLHMG 2V BRAE AR SEL R BLm pri b Ca Mgl Al T
R MR SELT ] MR PR . 2023,44(4) 1 18-24.
HUANGFU Lin, JIANG Yang, QIU Zhengqiu, et al.
Research on the leaching characteristics of Ca, Mg, Al ele-
ments in high titanium blast furnace slag[J]. Iron Steel
Vanadium Titanium,2023,44(4) :18-24.
SR AR BT A AF. KA BRI Y R R LT
e AR . 2012.33(5) :6-9.
ZHANG Peng, LIU Daijun, MAO Xuehua, et al. Leaching
of water quenched titanium-bearing blast furnace slag in
hydrochloric acid [ J]. Iron Steel Vanadium Titanium,
2012,33(5):6-9.
WG R BRI E R AE. R TR VAR KOV Bk e i o
o ar B A AR LT ). R LKL 2023, 44 (3)
23-32.
HUANG Xianliang, ZHONG Shan, TANG Siyang, et al.
Production of high-purity rutile titanium dioxide by leac-
hing water-quenched titanium-bearing blast furnace slag
with hydrochloric acid[J]. Iron Steel Vanadium Titanium,
2023,44(3):23-32.

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

LIU Y,CHEN X G,MAO S D,et al. Extraction of valua-
ble metals from titanium-bearing blast furnace slag by acid
leaching[J ]. Journal of Wuhan University of Technology
(Materials Science) ,2024,39(2) :376-385.

ZHU S,HU J G,ZHANG C H,et al. Process optimization
and kinetics of titanium leaching from mechanically activa-
ted titanium-bearing blast furnace slag[J]. Journal of Sus-
tainable Metallurgy,2023,9(1) :230-239.

TR AR, AR MR Je i Ak 3B i o BAOR)
i) 7715 : 201410154879, 5[ P, 2014-04-17,

EIAAZE, # A . —FOR T A B i A AR O
#:202010105920. 5[ P]J. 2020-06-26.

S AR /7 S NN R N D b Lk G a7 N
VEEK I8 B9 77 15 : 202010445780, 6[ PJ. 2020-08-25.
TR, BB, B FEE IR IR T AT
HA%,2022,4(4) :115-118.

LUO Peigiang, WANG Pan., LUO Hongying. Wet extrac-
tion of titanium from titanium-bearing blast furnace slag
[J]. Environmental Ecology,2022,4(4):115-118.

ZHANG Y,XUE X X, YANG H. Synthesis of foliar fertil-
izer and Ca-S-Si compound fertilizer from titanium-bearing
blast furnace slag[ ] ]. Journal of Environmental Science
and Engineering,2010,4(2) :30-36.

ZHANG Y. Recovery of titanium from titanium bearing
blast furnace slag by sulphate melting[ J]. Canadian Metal-
lurgical Quarterly,2014,53(4) :440-443.

BIAN Z Z, FENG Y L, LI H R. Extraction of valuable
metals from Ti-bearing blast furnace slag using ammonium
sulfate pressurized pyrolysis-acid leaching processes[ J].
Transactions of Nonferrous Metals Society of China,2020,
30(10) :2836-2847.

KB TSR S B 1) iR UK DUTE Tk el Bk B R 4R I Ak
BR[J]. b T %37 . 2012,63(10) : 3345-3349.

ZHANG Yue, WANG Sijia, XUE Xiangxin. Recovery of
titanium dioxide from titanium-bearing solution by using
ammonium as precipitant [ J |. CIESC Journal, 2012, 63
(10) :3345-3349.

XIONG Y J, ALDAHRI T,LIU W Z,et al. Simultaneous
preparation of TiO; and ammonium alum,and microporous
SiO; during the mineral carbonation of titanium-bearing
blast furnace slag[ J]. Chinese Journal of Chemical Engi-
neering,2020,28(9) :2256-2266.

JUJR,FENG Y L,LI H R, et al. An approach towards
utilization of water-quenched blast furnace slag for recov-
ery of titanium, magnesium, and aluminum[]J]. Journal of
Environmental Chemical Engineering, 2022, 10 (4).DOI:
10. 1016/j. jece. 2022, 108153.

JUJR,FENG Y L,LI H R, et al. A sustainable method
for Ti, Al and Mg recovery from titanium-bearing blast
furnace slag coupled with CO; sequestration by leaching

residue[ J ]. JOM,2023,75(2) :358-369.



545 B 1)

AL A5 DB B i TR RV B BRI Y O < 17 -

[29]

[30]

WER A TEREAR L A A Bk e b i SR R R e 0 ALK
W] A A m GRS ,2024,71(5) : 68-75.

XIE Siyuan,JIANG Wei, WANG Shengdong, et al. Activa-
tion test of titanium-bearing blast furnace slag by roasting
with ammonium chloride[ J]. Nonferrous Metals ( Extrac-
tive Metallurgy),2024,71(5):68-75.
TR N A L S Bk i S Ak B LR B T
ZARARBEIELT]. A o 4 8 TR 2024, 14(6) : 68-75.

XIE Siyuan,JIANG Xunxiong,JIANG Wei,et al. Optimis-
ation of ammonium chloride activated roasting process for
titanium-bearing blast furnace slag[ J]. Nonferrous Metals

Engineering,2024,14(6) :68-75.

[31]

[32]

[33]

HE S Q.PENG T J,SUN H J. Titanium recovery from Ti-
bearing blast furnace slag by alkali calcination and acidoly-
sis[J]. JOM,2019,71(9) :3196-3201.

faf AR FNELGE L 2 IV A5 i Ak 3 Bk i A T AR
AL e TEMHRRT]. BBk . 2015,36(6) : 44-50.
HE Siqi,SUN Hongjuan,PENG Tongjiang. et al. Techno-
logical conditions and mineralogical changes of alkaline
treatment on Ti-bearing blast furnace slag[ J]. Iron Steel
Vanadium Titanium,2015,36(6) :44-50.

LI X,YU H H,FANG Z H,et al. Processing of TiO; from
titanium-bearing blast furnace slag as titanium source[ J].

Metalurgija,2016,55(3) :379-381.

Research Progress on Extraction of Titanium from Titanium-bearing Blast

Furnace Slag by Hydrometallurgy
ZHANG Yue, LI Aitong,LIU Jiaxin, YAO Shuxia,ZHANG Zunju

(Center for Environmental Technology Research and Ex periment , Hebei University of

Environmental Engineering ,Qinhuangdao

066102 ,China)

Abstract: The treatment and resource utilization of titanium-bearing blast furnace slag are the focus

and difficult point of research on environmental protection for the iron and steel industry. The research

progress on extraction of titanium from titanium-bearing blast furnace slag is reviewed, and the

principle, process characteristics, treatment effects, existing problems, industrial prospects and

environmental impact of sulfuric acid leaching, hydrochloric acid leaching, organic acid leaching,

ammonium sulfate melting, ammonium chloride roasting, alkali melting methods for treatment of

titanium-bearing blast furnace slag are analyzed. The technical requirements and development trends of

extraction of titanium from titanium-bearing blast furnace slag by hydrometallurgy are prospected.

Key words: titanium-bearing blast furnace slag;extraction;enrichment;titanium resources;

comprehensive utilization; progress;developmental orientation



