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Table 1 Main mineral composition of the raw ore
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Fig.1 XRD pattern and microscope picture of raw ore

ol PR R A AN 2 R, B 2(a) AT
DI, Bl SO D i 8, B 0T A 1 mT s
SeHENN IS REAG , HF7E 1500 W B AEfbi#a TF- 2% | i v
(T TR AR R s 0 AL %, A
T i AR %R 1500 W, MK 2(b) A]
DIE H, BEA S RS B 1] B ZE K | R DA A A i mT
JE: S8 0 i AR, EAE 3 min BHIA RN RME, T
Tt e BRI () 0o e, (A5 4 1 B 1A 3R e 4
I, TR 2 R A A TR A R ] e AR Rk e
A 2 min 30 s, AN 2 (e) FioR, il it He AR 4
FIS PR X6 A8 00 Ak 3 P L T A s LA 28 e T Ak 2
(AR DT i T B PE F s i) , mT LA M Bt 7 Ak B
JERE S RT BB AT PE R T TA PR A L T
FE ST EEPELE 20 min BT F4H ) IER - 0. 074 mm
17 EE A 84. 5% 3 A 2 AL R A AL T 25 R ot 7 [
SET] B PR K S R 95 % 30 min B9 BE BT A], 0 i



2023 4F 10 45 5 ) 2 PR, BOEIRAL A LTRGBS .27
90 90 - 100
85+ 851 80+
§s 80 § 80+ §
1 1o 1 60F
E 751 g 75 g
= = g 40p
= ] 2 min30s 3 7OT ‘ 3 —e— AL
‘ % 47 ]:20 min ! B DIR1 500 W 20 (1500 W; 2 min 30 s)
651 65| FE® I [] : 20 min < —a— RO TR
06500 1000 1500 2000 2 500 3 000 %05 1 2 3 4 0 10 20 30 20
s ThERIW Rk % RS [ /min BER I [A] /min
(a) e Th 2R (b)) it g FE B ) ()W ]
B2 Flik T Tk s R A R) S B A B[] X 4R L 7] B 1 5 i

Fig.2 Effect of microwave power,microwave irradiation time and grinding time on the grindability of vanadium shale
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Fig.3 Analysis on grinding energy consumption
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Fig.4 Effect of leaching aid dosage, sulfuric acid concentration and leaching

temperature on vanadium shale leaching
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Fig.5 Effect of grinding time and leaching time on vanadium shale leaching
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Abstract; Microwave intervention in the grinding and leaching process of vanadium-bearing shale has a positive
effect on reducing grinding energy consumption and improving leaching efficiency and leaching rate. This study
conducted experimental comparisons between conventional grinding leaching and microwave grinding leaching
conditions, and studied the microwave strengthening mechanism through microscopic morphology analysis
technology and COMOSL electromagnetic thermal stress simulation. The conditional experiment shows that after
microwave intervention in grinding and leaching, the grinding time can be shortened by 33.33% , saving about
31.06% of grinding energy consumption, increasing the vanadium recovery rate by 6. 18% , and shortening the
leaching time by 79. 17% . The COMSOL simulation results indicate that when vanadium shale particles come into
contact with each other, electric field polarization occurs, generating high-temperature hot spots of 300 ~2 500 °C ,
which damage the mineral structure; at the same time, due to the different dielectric properties between mineral
components, their heating rates also vary, which will result in a temperature difference of 500 ~2 000 °C and a
thermal stress of 4.87 ~ 78.5 GPa, leading to heterogeneous dissociation and increasing the grindability of
vanadium shale. There are also high temperature hot spots in the process of microwave assisted leaching. Local high
temperature destroys the mineral structure and refines the particle size of minerals. With the increase of exposed
surface of vanadium bearing minerals, the collision frequency between hydrogen ions and active site increases,
accelerating the dissolution of vanadium. This study can provide theoretical basis and reference for the microwave
assisted grinding leaching process.

Key words: vanadium-bearing shale; microwave assisted grinding; microwave leaching; hot spots; stress

cracking; COMSOL simulation



