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High-temperature decomposition kinetics of large particle-size limestone
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(Key Laboratory for Ferrous Metallurgy and Resources Utilization, Ministry of Education,
Wuhan University of Science and Technology, Wuhan 430081, P. R. China)

Abstract: The models of substituting limestone for lime in a converter in the slag-splashing furnace-
protection stage and open blowing stage of steel making were established, and the high-temperature
decomposition experiments of large particle-size limestone were carried out for different particle size under
different heat transfer conditions. The decomposition conversion rate of limestone a was obtained by
experiments, and through the analysis of suitable rate control steps, isothermal kinetic mechanism of large
size limestone heating in the two stages were researched. The results show that the conversion of limestone
decreases with the increase of particle size and increases with the rise of temperature. Interfacial chemical
reaction controls the rate in slag-splashing furnace-protection stage, the decomposition model is random
nucleation and subsequent growth pattern, and its mechanism is in line with the Avrami-Erofeev
equation. The most probable integral fuction of limestone decomposition is G(a) = [ —In(1—a)]", n=
3/4. Product layer heat transfer and CO, diffusion control the rate in the open blowing stage. When the
temperature is constant, there is a linear relationship between time ¢ and (1—a)In(1—a) +a.
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Table 1 Chemical composition of limestone in Wulongquan mining area %
w (Ca0) w (S10,) w(MgO) w (Al Oy) w(Fe; O3) w(S) w CHE )
55.45 0.29 0.29 0.09 0.06 0.013 43.53
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Fig. 1 Micro grain morphology of limestone
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Fig. 2 Experimental device for simulating limestone decomposition reaction in different stages of BOF (basic oxygen furnace)
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Fig. 3 CaCO; decomposition process
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Fig. 5 Curve of 4~8 mm size limestone decomposition by different rate-determining step
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Fig. 7 Dependence of decomposition conversion ratio of limestone with large particle size on time
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Table 3 Correlation coefficient and k of three mechanism functions with higher fit goodness for 8 mm to 12 mm limestone

W/ C BRI B 44 A R A A kfH
1200 A—En=2/3 0.983 52 0.001 58
1 200 A—En=3/4 0.989 23 0.001 72
1200 VEEZEIN 0.990 84 0.001 58
1250 A—En=2/3 0.995 72 0.002 27
1 250 A—En=3/4 0.996 50 0.002 58
1250 VEEZEEN 0.994 30 0.002 26
1300 A—En=2/3 0.996 33 0.002 69
1 300 A—En=3/4 0.998 33 0.003 06
1300 Wi 45 Bk 1A 0.994 22 0.002 57
1 350 A—En=2/3 0.997 23 0.003 23
1350 A—En=3/4 0.995 33 0.003 79
1350 Wi 4 Bk AR 0.998 05 0.002 86
1 400 A—En=2/3 0.989 46 0.004 57
1400 A—En=3/4 0.984 33 0.005 23
1400 Wi 45 BR A4 0.997 83 0.004 29
1 450 A—En=2/3 0.998 68 0.004 72
1450 A—En=3/4 0.997 65 0.005 52
1450 W 4 Bk 1R 0.997 57 0.004 30
1 500 A—En=2/3 0.992 22 0.004 64
1500 A—En=3/4 0.994 34 0.005 42

1500 Wi 45 BR A 0.984 39 0.004 20
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Table 4 Correlation coefficient and k of three mechanism functions with higher fit goodness for 15 mm to 20 mm limestone

e /°C PRI £X 44 Fik EPEX ¢ kfH
1 200 A—En=2/3 0.997 01 1.94x10°°
1200 A—En=3/4 0.997 51 2.14X107°
1200 W 45 BR A 0.998 01 1.93X107°
1250 A—En=2/3 0.999 53 2.34X107°
1250 A—En=3/4 0.999 47 2.61X107°
1250 W 45 BR A4 0.998 78 2.29X10 °
1 300 A—En=2/3 0.998 80 2.57X10 *
1 300 A—En=3/4 0.999 25 2.90X10°*
1 300 Wi 4 35K A 0.997 51 2.47X10°°
1350 A—En=2/3 0.991 63 3.28X10°°
1350 A—En=3/4 0.986 85 3.84X107°
1350 Wi 4 Bk AR 0.999 17 2.92X10°
1400 A—En=2/3 0.989 96 3.25X107°
1400 A—En=3/4 0.989 69 3.85X107°
1 400 W 45 BR A4 0.983 81 2.80X10 °
1 450 A—En=2/3 0.983 12 4.95X107°
1 450 A—En=3/4 0.975 78 5.78X10°°
1 450 Wi 45 Bk R 0.997 13 4.37X107°
1500 A—En=2/3 0.962 51 4.70X107*
1500 A—En=3/4 0.961 15 5.39X107°
1500 Wi 4 Bk AR 0.968 65 4.52X10 °
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Fig. 8 Fitting results of three mechanism model for limestone of different sizes
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Table 5 The dynamics parameters of limestone with different sizes

K42 /mm LIPSEYA In A A/s! —E/R E/(kJ *+ mol™")
4~8 —0.991 92 —0.754 94 0.470 039 —0.079 35 65.971 59
8§~12 —0.992 11 0.508 23 1.662 346 —0.097 70 81.227 78
12~15 —0.989 03 0.592 77 1.808 992 —0.099 83 82.998 66
15~20 —0.990 23 1.000 13 2.718 635 —0.107 17 89.101 14
20~25 —0.997 94 1.239 29 3.453 161 —0.113 81 94.621 63
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3.2.1 TFeRM-EE B K B 5 AR I A
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K9 FI 6) . 45 SRR W7 W) JZ T P A COL 3™ B2 8N 2 M A00 5 B2 5 v, FOAH OC R B 2 35 51 0,999, Ui
LE R DL T A1 AT AR5 I s b o i 27 W2 AR IR COL 9 B R4
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Table 6 Correlation coefficient and k of linear fitting for different speed control steps

i/ C MR A R A k8
1500 ST Y 5 SN 0.974 2 3.74X107°
1550 ST b 2 I 0.979 5 4.40%X10 °
1500 CO. ¥k 0.999 9 4.08X107*
1 550 CO. ¥k 0.999 8 5.02X10°°
1 500 CO. 14 5 0.919 1 4.55X107°
1550 CO. 14 5 0.907 6 4.78X10 ?
1500 AR AN A A 0.919 1 4.55X10°
1550 AR AN A A 0.907 6 4.78 X107
1500 Vi 7)== 0.999 9 4.08X107°

1 550 Y2 T A 0.999 8 5.02X10 *
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Fig. 9 Curves of limestone decomposition for different speed control steps
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Fig. 10 Microstructure of limestone decomposition in simulated different steel-making stage
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