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Fig.1 XRD pattern of vanadium-bearing shale
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Fig.3 Structural distortion of different substituents of minerals
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Table 1 Substitution energy and structure change of different substituents of minerals

B RE B s/ S A A5 1k 7T BEg T 4 T NI
Hzhk 0.08 eV -0.34 ~ -0.52 eV -1.23 eV
A &bk -0.31 eV -0.51 ~ -0.69 eV -2.31 eV
e KA -0.20 eV -0.35~ -0.38 eV —
A — -0.40 eV —
Mz bk — 0.12~0.17 A,2.2 ~8.3° <0.11 &, <1.3°
el — 0.13~0.18 A,1.2~4.7° <0.02 A, <0.7°
/R ki — 0.11~0.17 A,2.1~8.0° —
9% — 0.16 A,3.5 ~4.4° —
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Fig.4 The structural optimization results of the

replacement of potassium ion by hydrogen ion
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Fig.5 The competitive coordination process of three anions at the mica interface
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Table 2 Cell parameters and relative potential energy of dehydroxylation reaction of vanadium-bearing

mica with different degrees of dehydroxylation

SR a/A b/A /A a/(°) B/(°) y/(°) SR AC AE/eV
VM 10. 49 9.11 20. 66 90. 03 95. 68 89. 99 1963.38 —
VM/-1H,0 10. 50 9.13 20. 68 90. 04 95.58 89.92 1972.75 1.18
VM/2H,0 10. 50 9.16 20. 64 90. 10 95.37 89. 90 1977.23 2.54
VM/-3H,0 10. 51 9.18 20. 65 90. 06 95.35 89.72 1 984. 60 3. 60
VM/4H,0 10. 51 9.21 20. 63 90. 18 95.36 89. 50 1989. 49 4. 46
DVM (VM/-8H,0) 10. 53 9.31 20.70 89. 99 95.07 89.97 2020.29 8.36
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Mechanism study on lattice properties of vanadium-bearing shale and vanadium
migration and coordination transformation
ZHENG Qiushi"*?, ZHANG Yimin'*?**, XUE Nannan'***, HU Fangyao'*"
(1. School of Resources and Environmental Engineering, Wuhan University of Science and Technology, Wuhan 430081, China;
2. State Environmental Protection Key Laboratory of Mineral Metallurgical Resources Utilization and
Pollution Control, Wuhan 430081, China;
3. Collaborative Innovation Center of Strategic Vanadium Resources Utilization, Wuhan 430081, China;
4. Hubei Provincial Engineering Technology Research Center of High Efficient Cleaning Utilization for
Shale Vanadium Resource, Wuhan 430081, China)

Abstract; Vanadium in shale is strongly bound by the crystal lattice of aluminosilicate minerals in the form of
isomorphism, and its extraction and release are very difficult. The law of vanadium conversion and release has
become one of the most important scientific problems in the technology development of vanadium shale industry.
Focusing on this scientific problem, this paper uses density functional theory to deeply study the lattice properties of
vanadium in shale and the process of vanadium migration and coordination transformation at atomic scale, determine
the law of the occupying substitution of vanadium atoms, and simulate the action of anions and cations on mica
interface during wet acid leaching process. The mechanism of synergistic enhancement of tetrahedral and octahedral
dissolution of mica by hydrogen ions and fluorine ions was elucidated. Meanwhile, the mechanism of oxygen
skeleton removal enhanced by structural distortion and vanadium atom coordination dissolution of mica was revealed
by comparing the difference of vanadium atom release caused by high temperature activation during roasting. The
research results would provide some theoretical guidance for the development of the new generation of all-wet
method of vanadium-bearing shale.

Key words: vanadium-bearing shale; vanadium occupation; mica dissolution; high temperature distortion;
vanadium migration and dissolution; acid leaching; roasting; hydrometallurgy
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