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Effects of Microwave Pretreatment on the Grinding Kinetics of
Vanadium Titano-Magnetite
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Abstract: The specific rate of breakage (S, )and primary breakage distribution ( B, ;) of untreated
and microwave-treated vanadium titano-magnetite ( VTM ) with different particle size were
investigated using grinding kinetics, and the variations of surface topography and phase
composition of ground products were analyzed. The results show that the breakages of both
untreated and microwave-treated VIM obey the first-order grinding kinetics. The S, of
microwave-treated VIM is higher than that of untreated ore and the S, increment increases with
increasing particle size. The primary breakage distribution parameters(y) are dependent upon the
feed particle size. The 7y value of B, ; of microwave-treated VIM is less than that of untreated ore.
The SEM analysis shows that the ground products have smaller particle size and rougher surface
after microwave treatment. The XRD analysis shows that microwave-treated VIM has stronger
diffraction peaks and larger amounts of gangue phases after ball mill, compared to those of
untreated ore, which indicates that the degree of dissociation of ore is improved.

Key words: microwave pretreatment; vanadium titano-magnetite; specific rate of breakage;
primary breakage distribution function
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Table 1 Major chemical composition of ore sample
( mass fraction) %

TFe TiO, V,0, SiO, MgO ALO, CaO

28.55 9.86 0.23 29.52 11.8 8.78 7.36
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Fig. 1 XRD pattern of vanadium titano-magnetite
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Table 2 Mill characteristics and test conditions for

grinding
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Fig. 2 First-order plots for different particle sizes
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Fig. 3 Variation of specific rate of breakage with
particle sizes
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Fig. 4 Cumulative breakage distribution functions for
different particle sizes
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Table 3 Cumulative breakage distribution parameters
before and after microwave pretreatment

B/ mm Piir Yir B [ Vi B

3.350~2.360 0.67 0.50 3.84 0.72 0.45 4.34
2.360~1.700 0.60 0.54 3.22 0.63 0.51 3.21
1.700 ~1.180 0.55 0.58 3.10 0.57 0.57 3.12
1.180 ~0.850 0.49 0.65 2.51 0.51 0.63 2.53
0.850 ~0.600 0.41 0.66 2.16 0.45 0.64 2.43
0.600 ~0.425 0.30 0.81 1.82 0.32 0.78 1.8l
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Fig. 5 SEM images of the ground products before
and after microwave pretreatment
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Fig. 6 XRD pattern of the ground product after
microwave pretreatment
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