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Table 1 Main chemical components of vanadium

leaching solution mg/L
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Table 2 Main chemical equations and logarithm of

equilibrium constants at 298 K

Fs S 77 R lg K HdlEkIR
1 H,O——H" +0H" —14.00  [7]
2 MgOH " —>Mg?* +0OH —2.57  [7]
3 H;Si0; ——H,Si0f +H* —11.70 HSC*
4 H, SiOyap=—=H;SiOr +H™ —11.00 HSC*
5 HVOi~—=VOi +H" —15.79 HSC*
6 H, VO —HVOi +2H* —7.92  [8]
7 2H,VO; —> V0! +2H" +H,O0 —15.17 [8]
8§ 2H,VO; —HV,0}” +H"+H,0 —5.25 [8]
9 2H, VO —H,V,0} +H,0 2.77  [8]
10 4H, VO —>V, 01y +4H20 10.00  [8]
11 5H, VO ==V;0i5 +5H,0 12.38  [8]
12 Mg(OH) 5y =—=Mg?" +20H" —11.16  [9]

MgSiOs ¢ +2H, O =——=Mg? " +
13 —12.17 HSC*
H;SiO; +OH
Mg(VO3) 25 +2H20 —
14 —2.92 HSC*

Mg?* +2H, VO

* BRI T HSC #72 H e e
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Table 3 Relationship formula of ions equilibrium

concentrations in Mg-Si-V-H, O system

5 KRR

1 [HTJ[OH™ ]=10"1

2 [Mg?* JLOH ™ J/[MgOH " J=10 25

3 [H,SiO? J[H* /[ HsSiOF J=1011-66

4 [H;SiOr JLH' J/[H,SiOsp J=10"11

5 [VOi™ J[H* J/[HVO{ J=10"157

6 (VO] J[H]2/[HVO; ]=10 7%

7 [V.0r J[H* ]*/[H,VO;r J?=10"'51

8 [HV.0; J[H'J/[H,VO;r J?=10"%%

9 [H,V,0; J/[H,VOi J2=10%7

10 [V.05 J/[H,VO; J*=10"

11 [V50is J/[H.VOr J°=101238

12 [Mg?" JLOH J?=10'1.16

13 [Mg2* J[H;SiO; JLOH J=10 1217

14 [Mg*" J[H, VO, J=10 29

15 [Mg]r=[Mg?>" ]+[MgOH" ]

16 [Silr =[H,SiOsuq 1+ [H3SiOT ]+ [ H: SIOF ™ ]
. [V]r=[VO! J+[HVO J+[H,VOi J+[V.0; ]+

[HV.07 1+[H, V.07 J+[V,01; J+[V;0i; ]

1g[[V]/(mol « L™1)]
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Fig. 1 Variation trends of logarithm concentrations of vanadium (a),silicon and magnesium (b) ions with pH

0 A0 N4 B2 8 FE U0 UE I T 4 b, 2
VoS I B A B I R R R PR R L U TRP T IR B AR
TUVE BT XF I 1 0 o 0 400 R I AR R R R B
HEE AR S S GE WACR S M BRI AR. M
T VE 1 A G B8 B e FE I, RGN AZE
TRLFIR 2, D6 B DT B T B M . TR b, 0 UE A
FHE A AL g o i A o 9 TR TR AR A
FEEE 38 BB O 0F — A5 B R0 T 050 U 47 oA 4 it
HES %,

FIH Visual MINTEQ 1k 2% - i 51 14 #4731
BLERIE 2 PR,

VLIEHIAIR 5L

A 2

AAAAAAAAAAAA
AL,

—=—Mg(VO,),
—e—Mg(OH),
—a—MgSiO,

MiRAMEHS pH KX R &

Fig.2 Relationship curves between precipitation

saturation index and pH
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Table 4 Effects of pH on sedimentation rate

of silicon and loss ratio of vanadium

B ek o

W pH REVTIER /% KRR/ %
W/ (mg+ L1
8 423 10.9 2.4
9 212 55.4 .8
10 65 86. 3 3.2
11 78 83.6 5.8
12 132 72.2 6.2
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Fig. 3 XRD pattern of precipitate after
calcination at 1 000 C
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Fig. 4 EM-EDS analysis results of precipitate
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are difficult to achieve economically effective recovery for a certain low-grade and refractory
molybdenum oxide ore, based on its process mineralogical characteristics, the application of
superconducting magnetic separation for pre-enrichment of the low-grade and refractory molybdenum
oxide ore was studied. The effects of magnetic separation conditions such as background magnetic field
strength, slurry flow velocity, separation slurry concentration, slurry feeding method and other
magnetic separation conditions on the pre-enrichment concentrate indicators were investigated. The
results show that by adopting the upper feeding method and under the suitable conditions of
background magnetic field strength of 4 T,slurry flow velocity of 0. 025 m/s, and separation slurry
concentration of 10% ,the pre-enrichment concentrate has Mo grade of 0. 75% and recovery rate of 64%.
Through theoretical calculation and recovery mechanism analysis of the magnetic separation recovery process,a
high-efficiency separation scheme is optimized and designed,which includes coarse (—0.5 mm-+0. 025 mm) and
fine (—0. 025 mm) particle size classification and separation processes,as well as the coordinated matching of
high magnetic field strength (5 T) and high flow rate (0. 04 m/s). The final process indicators are: Mo grade
in the concentrate of 0. 88% ,recovery rate of 63. 79% ,and enrichment ratio of 3. 95. The method can
achieve the goal of efficient pre-enrichment of low-grade and refractory molybdenum oxide ores, meet
the feed grade requirements of subsequent leaching processes,and has certain application potential.
Key words: molybdenum oxide ore;process mineralogy;superconducting magnetic separation;

high-efficiency beneficiation
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Thermodynamic Analysis of Mg-Si-V-H, O System and Selective Separation of
Silicon from Vanadium Slag Leaching Solution
WEI Linsen' ,PAN Shaoyan', LI Xuan®, XIANG Xiaoyan®

(1. Pangang Group Vanadium and Titanium Resources Co. ,Ltd. s Panzhihua 617000,China;
2. School of Metallurgical and Power Engineering s Chongqing University of Science and Technology »
Chongqing 401331,China)

Abstract: During the process of extracting vanadium from vanadium slag by sodium roasting-water
leaching method,silicon in the leaching solution will react with alkali to form sodium silicate and enter
the solution,affecting the recovery rate and quality of the product. To address this issue,the selective
precipitation of silicon in vanadium leachate by the magnesium salt method was studied.
Thermodynamic equilibrium diagrams of the Mg-Si-V-H, O system were constructed to investigate the
distribution characteristics of free ions within the pH range of 7~ 14. Additionally, the relationship
between pH and precipitation saturation indices was established to evaluate the precipitation behaviors
of MgSiO; and Mg (VO;), under different pH conditions. The calculation results reveal that the
solubility of MgSiO; is relatively low,while that of Mg(VOs), is relatively high,which can achieve the
selective precipitation of silicon in the vanadium leaching solution. The verification test results
demonstrate that the pH of the solution has a significant influence on the precipitation rate of silicon in
the vanadium leaching solution. When pH=10,the silicon precipitation rate can reache 86. 3% ,and the
vanadium loss rate is only 3. 2% ,with a good effect.

Key words: vanadium slag;silicon; magnesium chloride; precipitation; thermodynamic analysis



