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Table 1 Analysis results of main chemical multi-element

composition of ore sample %

SiO, K;0O Al Oy Mo S 2 Fe
78.94 1. 89 10. 11 0.21 0. 10 2.91
Cu Pb CaO MgO As Na; O
<0. 01 <20.01 0.41 0.14 0.08 0. 16

x2 TEERTHOLFWESHK
Table 2 Phase speciation analysis of molybdenum

in ore sample
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Table 3 Mineralogical composition of ore sample %
Fap g ke K = U A7 Baty (k7R AP RR LI A5 oAt
65.41 14. 39 8.06 4.59 .81 2. 40 0.57 0.01 1.76
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Table 4 Particle size distribution of —2 mm

bulk ore sample

Mo 434 %/ %
0t 7L 2% FER/ Y Mo/ Y ——————
A HREM

—2 mm+1 mm 27.35 0.188  24.12 100.00

—1 mm—+0.5 mm 29.65 0.183 25.42  75.88

—0.5 mm+0.3 mm 10. 10 0.153 7.24  50.46

—0.3 mm+0. 15 mm 9.46 0. 180 8.00 43.22

—0.15 mm+0.1 mm 3.74 0.209 3.67 35.22

—0.1 mm—+0.074 mm 2.32 0.225 2.46  31.55

—0.074 mm—+0. 045 mm 3. 04 0.233 3.32  29.09

—0.045 mm+0. 025 mm 1. 64 0. 245 1.88  25.77

—0.025 mm 13.27 0. 384 23.89  23.89

At 100. 00 0.213  100. 00 —
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Fig. 1 Appearance of vertical superconduct

magnetic separator
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Fig.2 Flowsheet of superconducting

magnetic separation
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Fig.3 Effect of background magnetic flux density

on separation efficiency
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Fig. 4 Effect of slurry flow velocity on separation efficiency
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Fig.5 Effect of feed slurry concentration on

separation efficiency
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Table 5 Effect of slurry feeding methods on

separation efficiency

BRI S AR R/ L/ % EIRIOR 24

ki 32.00 0.50 69. 40
TR R R =08 68. 00 0. 10 30. 60
J® 100. 00 0.23 100. 00
ki 20. 48 0.75 64. 00
R kR =20 79.52 0.11 36. 00
JE® 100. 00 0. 24 100. 00

e TS P O 71 = W D s Rl B
FRAGT PRI T, 529, FICRIE TS, 40 %,
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Fig. 6 Migration trajectory of paramagnetic particles

in converging magnet matrix
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Table 6 Computational analysis of force distribution on

molybdenum-bearing particles across size fractions

i/ Fq/(N kg D Fun/(N-<kg™ 1)

pm o, =001 m/s ©v=0.03 m/s

0 =0.01 m/s v =0.03 m/s

7 22.263 45 66.790 35 22.263 45 66.790 41

10 10. 909 09 32.727 27 10. 909 09 32.727 33

18 3.367 00 10. 101 00 3.367 00 10. 101 06
25 1.745 59 5.236 77 1.745 59 5.2368 3
38 0. 755 48 2.266 44 0. 755 48 2.266 50
45 0.538 72 1.616 16 0.538 72 1.616 22
74 0.199 21 0.597 63 0.199 21 0.597 69
100 0.109 09 0.327 27 0.109 09 0.327 33

300 0.012 12 0.036 36 0.012 12 0.036 42
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Fig.7 Magnetic flux required for recovering molybdenum-

containing ore particles of different particle sizes
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Fig. 8 Interplay between magnetic flux required for
recovering molybdenum-containing ore particles and

gangue drag force at different slurry flow velocities
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Fig. 9 Process flowsheet of classified superconducting

magnetic separation
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Table 7 Intensification test results of superconducting
magnetic separation

I3 19 A PR AFR R/ Y AL/ Y HENRCR /%
LR/t 14. 21 0. 860 64. 30
SO SmmE ol 8579 0,079 35. 70

0.025 mm

SR 100. 00 0.190 100. 00

K11 22. 35 0. 930 63. 00

—0. 025 mm Bl 77. 65 0.157 37.00
@ 100. 00 0. 330 100. 00

H1 7 Al 0 A LA 73 9 o 8 A L TR
PRI DEEC A& T 2 B RCR A 2 B R T, e &
SR i BH S R 0. 8824, I Sy 63. 794,
HARL N 3. 95 B ARMCR B . MA D Hor k)T .
THBR 1 ORI (ol 20008 48 357 S 4 ) A i 10 5 e
Had K32 TP S S L e TORDRE R K A1 R A
oG T SRR I R JEE T A S AR B R A, DL R R 2 o
T RO R RE AN T B R A B TR R oA 2R
AR REATH 2 T 43 3 1 5 PR AT IR S P SR A A
Yy JORL B 32 1] 1) 5 1) 3 K a2 v ORE 1] e R 4 7
Py o B8R A B> T kAT BT YA SR ) Z TR Y
PR 425 1 20 BB RS A il 02 5 [R) I 384 o s 37 i 2
Je S AR SCR AT B T ORIE . 7ERLA 2> 2o
TR0 v U B ] O e AR AT LSBT X
M A PR 14 T e A TR A F

3 i

WESE T R 5 1 39 190 4 5 R b 3T b B
52 2l AR A B T IE B S R it
B S R AU T2 MR S5e T .

DFER iR 7 2075 S i n s B 4 T,
WG 0. 025 m/s Ar k0 W 102018 | 4%
TR LA 3R45 Mo &h Az 0. 75 % . a1l & 64 % 18
S A T SRS

2)) 38 38 XoF - i S [T A B R 2o AR ) B
AL LA KX 4 356 B 3 AT 3K O G B Y 4 M e
UE L B8 M 4 BERS W [RDCR A S L A Y



55 44 5 5 W

AR, B« B A37 XE T8 AR B B 5 1 328 T g A G 0T .

FFEA o1 T 2w AR AT T A LR, W
I AL T 1 7 s 2 90 R g 3 I D B 2% 1 1
RO 46 AR 2 4 9 43 v A SRk b L83
FETS RGN B B 5 T 0 Wk 0. 04 m/s 5cF F
PEAT o B AR AR T RS AR SR A 0. 88%4 . [l i
F63.79% VAL 3. 95 MR AL TR A .

3) 3 i SRR S T A S Y
A S I, % T2 R R L A PR RERE AR K
/D L T Ay PR 7 M 2 SR AR B0 43
PEPLHLIS S TR AR S N K.

Sk

(1] sku 4RSS, 2, % R E AT RDF R S RELT]. &
JE 1L ,2016(6) :107-112.
ZHANG Qiang,ZOU Hao, LONG Xunrong,et al. Research
status and prospects of the molybdenum deposits in China
[J]. Metal Mine,2016(6):107-112.

[2] FhKTE AL B0, 1 2k IC, . 5 1 A 203 28 40 07 3 4 3 e
(1. BT . 2019,35(3) 1 114-117.
SUN Dayong, QI Zhongxu, XIAO Shunyuan, et al. Mineral
process progress on high talc refractory molybdenum ore
[J]. Modern Mining.2019,35(3):114-117,

(3] sk, EAE. T g JEAR AL sfERE SR A L2 2wk se [ .
BACH L 2024 ,40(8) 1 145-150.
ZHANG Wei, WANG Hua. Study on process mineralogy of
a low-grade molybdenum ore in Henan[ ] ]. Modern Mining.,
2024,40(8) :145-150.

(4] BR ok, MR, A5, Fh AR Tl Ak B — BCRR A + 1L R 13 7] 32
A T AWFFE L], 1R 4. 2024,43(4) : 385-390.
TAO Le,ZHANG Qin,CHEN Junying,et al. Hydrochloric
Acid pretreatment—pyrolusite + sulfuric acid synergistic
leaching process of molybdenum tungsten ore[ J]. Hydro-
metallurgy of China,2024,43(4) :385-390.

[5] ZHAO Z W,L1]J T,CAO C F,et al. Recovery and purifica-
tion of molybdenum from Ni-Mo ore by direct air oxidation

in alkaline solution [ J ]. Hydrometallurgy, 2010, 103

[6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

(1/2/3/4) :68-73.
L AR WS U A Ml B PR FIBIE 5 R
(7. BRI =0k, 2022,24 (1) 8-14,
AN Haizhong, LI Huajiao. Theory and research advances in
whole industrial chain of strategic mineral resources[J]. Re-
sources & Industries,2022,24(1) ;8-14.
W TR L 78 S, BT S5 T S SR RN M OB 5
BRI SO Hr [0, w1 [ 4 B IR 2635 . 2020, 33(8) 1 9-17.
CHEN Jiabin, HUO Wenmin, FENG Dandan, et al. Analy-
sis of strategic(critical) mineral resources situation in China
and the U. S. and the EU[]J]. Natural Resource Economics
of China,2020,33(8):9-17.
BALLE KB REZL R, S Y Sl S S-S 2 4R
T TP RLT] B RS FIH L 2017(1) 1 61-65.
HU Hongxi, ZHANG Zhonghan, YING Honggang, et al.
Beneficiation research on a refractory molybdenum-tung-
sten-gold poly-metallic ore from Inner Mongolial J ]. Multi-
purpose Ultilization of Mineral Resources,2017(1):61-65.
it B A O R B A R R AL OB T2 [D]. KU
Th KA, 2022,
TR AR N, L — R A A A L A
AR E LR 1202311615989, 2[ P, 2024-01-23.
AR R AP IR S BB R AE K TS PR P
BT, KA FRE AR ,2012,38(7) 1 9-13.
LI Jianjun,ZHU Jinbo,ZHANG Liting.et al. Applications
of magnetic separation in waste water treatment[ ] ]. Tech-
nology of Water Treatment,2012,38(7):9-13.
WANG J L,ZU P,YI S W, et al. Preconcentration of iron, rare
earth, and fluorite from Bayan Obo ore using superconducting
magnetic separation [ J]. Mining, Metallurgy &. Exploration,
2020,38(2) :1-12.
TR, R B AR TR A B XA AR & A A L S
P R B )], 578 A, 2024, 44(5) 1 46-50.
ZHANG Shuai, YUAN Zhitao, LIN Zigin,et al. Application of
superconducting magnetic separation in pre-enrichment of
weathered low-grade vanadium-bearing stone coal ore[ J]. Min-

ing and Metallurgical Engineering,2024,44(5) :46-50.

Superconducting Magnetic Separation Pre-enrichment of a Certain Low-grade

Refractory Molybdenum Ore

LIN Zigin' ,ZHANG Chen®,LIU Yongtao®’,SUI Jie*,LU Jiwei' , YUAN Zhitao',
HUO Yubao®,LIU Shuo’, HOU Xianming®

(1. School of Resources and Civil Engineering , Northeastern University ,Shenyang 110819,China;

2. Beijing Research Institute of Chemical Engineering and Metallurgy ,China National Nuclear
101149,China;
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3. CNNC Guyuan Uranium Industry Co. .Ltd. .Guyuan

076561, China)

Abstract: In response to the issue that traditional beneficiation processes and direct leaching methods
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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



