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Extraction from V-bearing Steel Slag
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Abstract: Thermodynamic problem is the core issue of the sulfuric acid leaching reactions of vanadium
bearing steel slag. According to the mineral compositions in vanadium bearing steel slag thermodynamic
calculation and analysis of the steel slag leaching system were carried out in this paper.The results show
that tricalcium silicate can react with sulfuric acid easily as a result of low and high equilibrium constant
of acid dissolution reactions of tricalcium silicate at room temperature.Therefore much of sulfuric acid will
certainly be consumed due to the high content of tricalcium silicate in the steel slag.FeO can be fully
leached by sulfuric acid in theory while vanadium cannot be leached at the terminal acid concentration
( leaching equilibrium acid concentration) of 10™* mol/L which indicates that the thermodynamic trend of
FeO leaching is greater than that of vanadium leaching. Based on this result a new leaching method of
“selective stage leaching” can be designed and a better selective leaching separation between vanadium
and iron can be achieved significantly with predeaching of impurities in the first stage and leaching vana—
dium in the second stage.Eh-pH diagram shows that VO** VO* and V** are the main dissolved phases of
vanadium in the acidic media and the stable region of VO** is very large and just in the middle of the
three dissolved phases.Thus in the leaching process the vanadium should be controlled in the stable re—
gion of VO™,
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Table 1 Valence state of vanadium in the raw
material for leaching

1% 1%
1~2h
V3 0.191 10.16
e v 1.599 85.05
-2 v+ 0.090 4.79
1.88 100
2
Table 2 Mineral compositions of the raw
5 material for leaching
1% w( V,05) /% 1%
N 41.7 1.46 18.13
27.4 9.81 80.03
° 30.9 0.20 1.84
N 100 3.36 100
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E-pH
— ay2t 3+ 2+
E=-0.255+0.059 1 1ga ; V> +e=V
V‘+
E=-0.16-0.0591 lgay2+-0. 118 2pH
E=-

0.549-0.059 1pH

Qay;, 2+
E=-0.082+0.059 1 lg — 20—

=0.059 1pH

a2+

Ayo2+
E=0.337+0.059 1 Ig

-0. 118 2pH
ay2+
E=0.59-0.059 1 lgay2+—0. 24pH

E=0.08-0.059 1 lgayq2-—0. 051pH
E=0.210-0.059 1pH
Ay 2+
E=0.164+0.059 1lg—-0. 059 1pH

ay(on) 2+
A2+

E=1.0-0.059 1lg

-0.118 2 1pH
avo}
E=0.958-0.059 llgayy2+=0.177 3pH

E=0.708-0.059 1pH
E=1. l7—0.059lgam§ -0. 12pH
E=1.238+0.029 SIg(LW);%‘——O. 147 7pH
1
pH= 1.64—7 1gaVO§
1
I)H:7.84—7lg(l\05
1
pH= 2.45—7 12‘5‘”‘05
1
pH = 2.35—7 1gav3+
1
pH:7— Tlg(l\‘2+

ay; 2+
pH=2.92+]g

a3+

1
pH=2.065 —7150 v(oH) 2+

2V

V,0;+6H" +2e¢=2V?** +3H,0
2VO+H,0=V,0,+2H" +2e

V*+H,0=V( OH) * +H" +e

V¥*+H,0 = VO* +2H" +e

V,0,+8H* +2e =2V +411,0

V,0,+2H" =2V0O* +H,0+2e
V,0;+H,0=V,0,+2H" +e
V(OH) * =VO* +2H" +e

VO, +2H" +e=V0* +H,0

2V0?* +3H,0=V,0,+6H" +2e
V,0,+H,0=V,0,+2H" +2e
2V0, +4H" +2¢=V,0,+2H,0

V,0,+5H,0=2V0,> +10H" +4e

V,05+2H* =2V0," +H,0
V,05+H,0=2V0, +2H*
V,0,+4H* =2V0* +2H,0
2V3*+3H,0=V,0,+6H"
VO+2H" =V?*+H,0
V3*+H,0=V( OH) > +H"

( OH) 2" +H,0=V,0, +4H"




3 . (V™)
V03+ V4+
V,0; . VO™,
V,0; pH2 ~ ( V3+)
2.5 o . V¥
VH,0 E-pH o
R ( V2+)
V-H,0 o
298 K E-pH 1 o VO* . VO™
3+ 2+
1.2 v Vo
1.0
0.8 VO 3
0.6
0.4
S 02 3
Of-%__
02 HC - 1)
-04F V(OH)* - o V(IV)
“06[ yr o ONC T
-0.8[
01 2 3 4 5 6 7 8 9 1011 12 X X ’
pH 2)
1 VH,0 -pH °
Fig.1 E-pH diagram of V-H,0 solution
1 pH 110 mol/L.~ FeO.MgO
o (pH<1)
. FeO
VOZ+ . V02+ V3+ « "
o pH I NIl
: 3) VO™ .VO*
4- _
H, V1, 0%( ) —HV ,05( ) — v voO*
V,07( ) —V,07( ) VO™
(V™) o
1 Xie Yu Ye Guohua Zuo Qi et al.New technology of vanadium extraction from vanadium-bearing steel slag J .Iron Steel Vanadi-
um Titanium 2019 40( 1) : 69-77.
( . J. 2019 40( 1) : 69-77.)
2 Zhu Guangjun Qiu Huidong Yang Zhili et al.Chlorination leaching kinetics of extraction of vanadium from BOF slag J .Materi—
al Review 2011 25( s17) : 258-260.
( . J. 2011 25( s17) :258-260.)
3 Ye Guohua Tong Xiong Lu Lu.Resource characteristics of vanadium-bearing steel slag and progress in extraction vanadium from

it J .Chinese Journal of Rare Metals 2010 34( 5) : 769-775.



6 2020 41

10

11

12

13

14

15

( . J. 2010 34(5) : 769-775.)

Gao Minglei Chen Donghui Li Lanjie et al.Dissolution behavior of vanadium from vanadium-bearing steel slag in KOH sub-mol-
ten salt J .The Chinese Journal of Process Engineering 2011 11(5) : 761-766.

( . KOH J. 2011 11(5) : 761-766.)
AarabiKarasgani M Rashchi F Mostoufi N et al.Leaching of vanadium from LD converter slag using sulfuric acid J .Hydromet—
allurgy 2010 102: 14-21.

Mu W Z Zhang T A DouZ H et al.¢opH diagram of V-Ti-H,O system during pressure acid leaching of converter slag containing
vanadium and titanium J .Transactions of Nonferrous Metals Society of China 2011 21( 9) : 2078-2086.

Qiu Huidong Yang Zhili Tian Xianli et al.Vanadium recovery from BOF slag containing low—vanadium oxide J .Rare Metal Ma-
terials and Engineering 2011 40( 7) : 1198-1201.

( . I. 2011 40(7) : 1198-1201.)

Ye Guohua He Wei Lu Lu es al.Direct leaching vanadium from V-bearing steel slag with sulfuric acid under normal temperature

and pressure J .Chinese Journal of Rare Metals 2013 37(5) : 807-812.

( . I 2013 37(5) : 807-812.)
Wang Chen.Research on calcium and vanadium recycling from vanadium bearing steel slag D .Shenyang: Northeastern Universi—
ty 2012

( . D . : 2012.)

Ye Guohua Tong Xiong Lu Lu.Pretreatment for V-bearing steelmaking slag by beneficiation methods and its effect on followed
leaching procedure J .The Chinese Journal of Nonferrous Metals 2010 20( 11) : 2233-2238.

( . J. 2010 20( 11) : 2233-2238.)

Wang MY Xiang X Y Zhang L P et al.Effect of vanadium occurrence state on the choice of extracting vanadium technology
from stone coal J .Rare Metals 2008 27(2):112-115.

Zhang Y M Bao S X Liu T et al.The technology of extracting vanadium from stone coal in China: history current status and fu—
ture prospects J .Hydrometallurgy 2011 109: 116—-124.

Fu Zibi Peng Yi Zhang Lin et al.Experimental research on leaching steel slag by spent acid of dioxide production J .Titanium
Industry Progress 2009 26( 5) : 33-37.

( . J. 2009 26(5) :33-37.)

Xiao Q G Chen Y Gao Y Y et al.Leaching of silica from vanadium-bearing steel slag in sodium hydroxide solution J .Hydro—
metallurgy 2010 104:216-221.

Ye GH Hu Y B Tong X et al.Extraction of vanadium from direct acid leaching solution of clay vanadium ore using solvent ex—
traction with N235 ] .Hydrometallurgy 2018 177:27-33.

(2019 12 27 ) “ Ti,0,

”

247 o
Ti, 0, Ti, O,
Ti, 0, o



