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Table 1 Main chemical compositions of sulfide ore sample

(mass fraction, %)

Fe S Cu Si Al K O Ca C
30.23 27.08 6.26 14.77 6.88 0.94 7.54 576 0.53
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Fig. 1 Fitting curves of sulfide ores under different activation
conditions: (a) Non-activated (R;); (b) 20 min (R,); (c) 40 min
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Table 2 Correlation coefficients of reaction functions
Function name
A B C D E F G H 1 J
Ore type
Phase Shrink Shrink Power
One-level Two-level Three-level Valensi  Jander G-B
interface cylinder sphere function

R, 0.90 0.93 0.52 0.55 0.92 0.92 0.90 0.91 0.92 0.92

R, 0.94 0.96 0.50 0.54 0.95 0.96 0.94 0.95 0.96 0.95

Ry 0.94 0.96 0.48 0.51 0.96 0.96 0.94 0.95 0.96 0.96
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Table 3 Ore crystal block size (D) and lattice distortion ()

size under different activation powers

Mechanical power /(r-min") D/nm &l%
Non-activated >1000 <0.0148
100 691 0.02154
200 596 0.02497
300 321 0.04636
400 224 0.06643
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Table 4 Ore crystal block size (D) and lattice distortion (¢)

size under different material-ball ratios

Material ball ratio D/nm &%
Non-activated >1000 <0.0148
1:3 671 0.02254
1:5 649 0.02329
1:8 543 0.02834
1:10 478 0.03172
1:12 428 0.03543
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Fig. 2 TG curves under different activation conditions: (a) Fig. 3  Fitting curves of different mechanical powers: (a)

Mechanical power; (b) Material-ball ratio Non-activated; (b) 200 r/min; (c¢) 350 r/min
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Table 5 Apparent activation energy and correlation coefficient R of sulfide ores under different activation conditions

Different mechanical force Different material ball ratio

Experimental - Experimental -
E/(kJ-mol ") A R E/(kJ-mol ") A R
conditions condition
Non-activated 258.93 2.35%10" 0.96 Non-activated 258.93 2.35%X10' 0.96
100 r/min 181.34 1.45% 10" 0.95 1:3 240.57 1.58X 10" 0.94
350 r/min 150.97 1.60%X 10" 0.98 1:8 150.97 1.60X 10" 0.99
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Thermal analysis kinetics of mechanically
activated sulfide ores for spontaneous combustion

YANG Fu-qiang, LIU Guang-ning, LIU Xiao-xia, HUANG Xian-yu

(College of Environment and Resources, Fuzhou University, Fuzhou 350116, China)

Abstract: In order to uncover the intrinsic influence of mechanical activation on property of oxidation and spontaneous
combustion of sulfide ores, the thermal analysis technique was used to characterize the kinetic parameters of samples
under different mechanical powers (100—450 r/min) and different material-ball ratios (1:3—1:12) after mechanical
activation. Meanwhile, the X-ray diffraction analysis was used to obtain the lattice distortion rate and block size after
mechanical activation. The results show that the kinetics reaction process of the sample complies with the diffusion
one-way transport mechanism under the temperature between 530 to 640 “C. By the increase of mechanical power and
material-ball ratio, the apparent activation energy of samples reduces with good consistency. The corresponding
activation energy values calculated under non-activated, 200 r/min, 350 r/min are 258.93, 181.34 and 150.97 kJ/mol.
and the pre-exponential factors are 2.35X 10'®, 1.45X 10" and 1.60X 10", respectively. Meanwhile, the corresponding
activation energy values calculated under 1:3, 1:8 are 240.57, 150.97 kJ/mol, respectively, and the pre-exponential
factors are 1.58X 10", 1.60X 10", respectively. The reduction of apparent activation energy of mechanically activated
sulfide ores is related to the increasement of lattice distortion rate and reduction of the block size, so, it can lead to
spontaneous combustion under proper environmental conditions.

Key words: sulfide ore; mechanical activation; spontaneous combustion; thermal analysis kinetics
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