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Kinetic of Carbothermal Reduction Reaction of Bismuth Trioxide

ZHANG Xinyang®, XING Pengfei*, ZHUANG Yanxin”, DU Xinghong's, WANG Shuai*

(a. School of Metallurgy. b. School of Materials Science and Engineering, Northeastern University, Shenyang 110819, China)

Abstract: Due to the high density of bismuth element, it is easy to precipitate in the process of
carbothermic reduction smelting of industrial silicon, resulting in uneven distribution of impurities in the
industrial silicon obtained from smelting, so it is of great significance to study the kinetic behavior of
bismuth in the carbothermic reduction reaction and provide theoretical guidance for the control of bismuth
in industrial silicon smelting. The effects of different carbon reducing agents on the carbon thermal
reduction of bismuth trioxide were studied by thermogravimetric analysis. The results show that petroleum coke
as reducing agent has better reducing properties duo to its higher activity than graphite. The phase transition
sequence of the reduction products of bismuth trioxide at different temperatures is Bi, O; — intermediate oxide
Bi, O, s—Bi. The kinetics of bismuth trioxide carbothermic reduction reaction at different heating rates was studied
by thermogravimetric analysis. The average apparent activation energy of bismuth trioxide carbothermic reduction
reaction is 142. 41 kJ/mol and the pre-exponential factor is 2. 96X10° s ' by iso-conversion method, Kissinger
method and Satava-Sestdk method. The reaction mechanism belongs to the phase boundary reaction, and
the differential form of the corresponding kinetic equation is 3(1—¢g)%®.
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Fig. 4 Conversion ratio curves of
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Table 2 Reaction temperature corresponding to different

conversion rates under different heating rates /C
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0. 20 374. 66 386. 11 390. 19 400. 86
0. 25 379. 36 390. 89 395. 30 406. 22
0. 30 383. 68 394. 98 399. 23 410. 77
0. 35 387. 66 398.92 402. 19 415. 29
0. 40 391. 47 402. 61 406. 35 449. 41
0. 45 395. 10 406. 06 410. 12 423. 20
0. 50 398. 78 409. 72 413. 35 427. 14
0. 55 402. 45 413. 07 416. 21 431.03
0. 60 406. 07 416. 41 419. 74 434. 85
0. 65 409. 81 420. 03 422.97 438. 78
0. 70 413.55 423. 88 426. 46 442.90
0. 75 417. 65 427.90 430. 18 447.58
0. 80 422.15 432.74 434.72 452.62
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Table 3 Apparent activation energies and average apparent

activation energies at different conversion rates

a E./(k] « mol™") R? Eo/(k] » mol™1)
0.10 146. 27 0.996 9
0. 15 144.70 0.998 9
0.20 143.99 0.997 5
0. 25 142. 35 0.998 2
0. 30 143. 16 0.996 5
0. 35 142. 08 0.986 2
0. 40 142.01 0.988 6
0.45 142.57 0.989 2 142. 41
0. 50 142. 66 0.983 4
0. 55 142. 31 0.971 9
0. 60 142. 38 0.969 1
0. 65 142. 30 0.959 8
0.70 141. 52 0.952 7
0. 75 139. 31 0.941 2
0. 80 138. 50 0.9377
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