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Experiment study on optimization of sulfuric acid leaching of titanium
from titanium-bearing electric furnace slag by response surface methodology
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Abstract: About half of the TiO, in Panzhihua area exists in the form of vanadium titanomagnetite, enters
the iron concentrate and becomes slag through blast furnace ironmaking. However, it is difficult to
recycle, resulting in waste of resources and environmental pollution. In order to extract Ti from titanium-
bearing electric furnace slag, three technological parameters including leaching temperature, acid/solid
ratio(mass ratio)and sulfuric acid concentration, as well as their interaction effects on the Ti leaching rate
were systematically studied based on the response surface method, and a polynomial model was
established. According to the analysis of the model, the influence of process parameters on the titanium
leaching rate is as follow: acid-ore ratio(B) >leaching temperature(A) >>sulfuric acid concentration(C).
The prediction results of the model showed that when the leaching temperature was 245. 58 ‘C, acid/solid
ratio was 2. 15, and sulfuric acid concentration was 90. 94% , the leaching rate of Ti in slag was 96. 14 %.
Key words: response surface methodology; titanium-bearing electric furnace slag; sulfuric acid leaching;

TiO,; vanadium titanomagnetite
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Table 1 Main chemical compositions of titanium slag for vanadium titanomagnetite /%
J 4y TiO, Al; O3 SiO; CaO MgO
o 58.18 13. 94 10. 24 3. 66 5.43
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Table 2 Relative percentage content of main minerals in the titanium slag /%
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i 68. 15 16. 02 14.52 1.02 0.29
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Table 3 3-factor design table of experimental
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Table 4 Matrix design and experimental value of factor and level coded

e A B c R/ %
1 —1 0.5 0 73.53
2 —0.5 0.5 0 78. 66
3 0 0.5 0 82.56
4 0.5 0.5 0 91. 86
5 1 0.5 88.78
6 0.5 —1 66. 65
7 0.5 —0.5 0 74.26
8 0.5 0 0 81.76
9 0.5 1 0 91.13
10 0.5 0.5 —1 82. 08
11 0.5 0.5 —0.5 87.18
12 0.5 0.5 0.5 92. 41
13 0.5 0.5 1 94. 09
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Table 5 Analysis of variance table
F 3 5 B B ¥ F 1A P1{d
155 7 901. 92 3 300. 64 41.57 < 0. 000 1
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Fig. 1 Distribution of actual and predicted value
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Fig. 2 3D response surface of titanium leaching rate
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Fig. 3 The relationships between coded values of

factors and leaching rates

i
4 ZEi

1) R F o o ot 1 32 W AR A R 125 9% Hh LB
Bow i i e, 6HR R AR AT R ST

2) PUBK R B 38 Ji— HL P iR R I THO, b 57 157
H TiO, & f Al ik 58.18%, 2% i & % 4G, EE.
B, R E R, s T R TR
KA, ARk 94 T4% . M BBER A R A R R
JE b BT T2 S5 3R 0 U TR 5 ) DR B

3) B R 15 12 Y R T 0 5 T DR B /N TR 2R
S R (B) >8R (A >R E (O,
SR JFHL o . TR S T G TR U BB R R T L T 1
R AE AT ELA AL, B0 fe e Ti g Ry
96. 14%, Xt W I R B &4 N B B R E
245.58 C, MRW L 2. 15, BRBRHEEE 90. 94 %,

2% 3CHR

(1) AV, BEALPUR ST 6 H b EEH T

oA L R LI Mo 56 4 2k, 2018,
17(2): 94-100.
XU B P. Main elements distribution in Panzhihua
vanadium and titanium magnetite smelting process in
China [ J]. Journal of Materials and Metallurgy,
2018, 17(2). 94-100.

(2]  EEA K8, Bm g, S 7KK =Sk

B R MARSHELL #AAESR,
2017(5): 131.
WANG R Q. ZHANG L J, ZHAO X K, et al
Chengde temple type vanadium titanium magnetite
state of titanium in research[J]. World Nonferrous
Metals, 2017(5). 131.

(3]  JHAH#E. Brz €, JHZE, 5. PUEREE 80 4 s fb ik

Mgk s l)]. A aem T, 2018, 8(2):
96-100.
XING X D, CHEN Y F, ZHOU ], et al
Experiments on magnetic separation of vanadium
titanium magnetic metallic pellets [ J ]. Nonferrous
Metals Engineering, 2018, 8(2): 96-100.

[4] HANG H, JIANG T, ZHANG Y B, et al. High-
temperature  oxidation behavior of vanadium,
titanium-bearing magnetite pellet[J]. Journal of Iron
and Steel Research International, 2011, 18 (8):
14-19.

(6]  EBl. BERCEYUBR RS v R 1 i & b Bk i B R Fl
Mg (D], BW. BUIMIRY, 2017.

LYU C.

Technical and theoretical research of



e SCMRAE - Wi B TAT 95 D0 P B TR T8 i DL B R a0 L e B P

o 87 o

[6]

[7]

(8]

9]

preparation of medium grade titanium slag from V-Ti
bearing magnetite concentrate in Panzhihua area[ D].
Kunming: Kunming University of Science and
Technology. 2017.

ZHANG Y J, QI T, ZHANG Y. A novel preparation
slag [ ] 1.
Hydrometallurgy, 2009, 96(1/2): 52-56.

LEI X F, XUE X X. Preparation, characterization

of titanium dioxide from titanium

and photocatalytic activity of sulfuric acid-modified
titanium-bearing blast furnace slag[J]. Transactions
of Nonferrous Metals 2010,
20(12) . 2294-2298.

XUE T Y, WANG L

Society of China,

N, QI T, et al
Decomposition kinetics of titanium slag in sodium
system [ J ]. Hydrometallurgy, 2009,
95(1/2). 22-27.

NIE W L, WEN S M, FENG Q C, et al

Mechanism and kinetics study of sulfuric acid leaching

hydroxide

of titanium from titanium-bearing electric furnace
slag[ J].
Technology. 2020, 9(2). 1750-1758.

Journal of Materials Research and

[10]

[11]

(12]

[13]

NIE W L, WEN S M, LIU D, et al. Leaching
behaviors of impurities in titanium-bearing electric
furnace slag in sulfuric acid[ J]. Processes, 2020,
8(1): 56.

ZHENG F Q, CHENF, GUO Y F, etal.

of hydrochloric acid

Kinetics
titanium from

JOM,

leaching of
titanium-bearing electric furnace slag [ J].
2016, 68(5). 1476-1484.
B, man ki R A mAE S LS &k
PLER Tk, 2020, 52(9): 47-51.
WEI L. methodology  for

Response  surface

optimizing  production process parameters of
polysulfur[J]. Inorganic Chemicals Industry, 2020,
52(9): 47-51.

F R, VRPEE. E KB R i T O A B R R
PO G e 8 4 4 T W g (1], B HLER Tk, 2020,
52(9): 62-65.

WANG K B, XU S X, WANG Y Q. Research on
purification process of lithium difluorosulfimide
optimized by response surface method[ J]. Inorganic

Chemicals Industry, 2020, 52(9). 62-65.





