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Comparative research on solid state decarburization kinetics of
high-carbon ferrochrome powder by microwave heating and
conventional heating
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Abstract: Taking the high-carbon ferrochrome powder containing calcium carbonate as the research object, the kinetics
behavior and activation energy of solid phase decarburization under different heating methods were studied. Microwave
oven and muffle furnace respective were used to heat high-carbon ferrochrome powder containing calcium carbonate to
900, 1000, 1100 and 1200 ‘C, preserve heat and keep decarburization for 0, 20, 40 and 60 min. The results show that with
the rising of heating temperature and holding time, the decarburization rates in microwave heating field and conventional
heating field increase, when the heating temperature and holding time are the same, the decarburization rate in microwave
heating field is significantly higher than that in conventional heating field. The apparent activation energy of solid phase
decarburization reaction in microwave field is 109.76 kJ/mol; the apparent activation energy of solid phase
decarburization reaction in conventional heating field is 169.65 kJ/mol. Microwave heating field can improve the kinetics
condition of solid phase decarburization, increase the reaction rate of solid phase decarburization of high-carbon
ferrochrome powder containing calcium carbonate, promote the diffusion of carbon in high-carbon ferrochrome powder,
and reduce the activation energy of decarburization reaction.
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Table 1 Particle size distribution of high-carbon ferrochrome powders

Particle size/pum 45-75 75-106 106—150 150-180 180-270 270-300
Mass fraction/% 8.58 15.99 22.06 12.45 22.61 18.24
F2 RSP
Table 2 Chemical composition of high-carbon ferrochrome powders (mass fraction, %)
Cr Fe C Si S P Mg Ca Al K Na Others Total

55.79 3276  8.16 234  0.052 0.036 0.058

0.048 0.077 0.018 0.066 0.595 100

=3RRI

Table 3 Chemical compositions of calcium carbonate powders (mass fraction, %)

CaCO; MgCOs Si0,

Ale 3 F€203

Others Total

96.04 2.14 1.05

0.20 0.23 0.34 100
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Fig. 1 XRD diagram of high-carbon ferrochrome
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Fig. 2 Schematic diagram of microwave heating device: 1—

Magnetron; 2—Thermocouple and temperature measurement
device; 3—AC power; 4—Furnace chamber; 5S—Material and
crucible; 6—Support frame
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Fig. 3 DSC-TG curve of high-carbon ferrochrome powder

containing calcium carbonate
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Fig. 4 Heating curves of high-carbon ferrochrome powders
containing calcium carbonate by microwave heating and muffle
furnace heating: (a) Microwave heating; (b) Conventional

heating
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Table 4 Carbon content of high-carbon ferrochrome powder

containing calcium carbonate by muffle furnace heating

Holding Mass fraction of carbon/%

time/min  1173K  1273K  1373K  1473K
0 8.03 7.98 7.72 6.23
20 7.82 7.67 5.63 3.96
40 7.78 6.85 4.29 3.71
60 7.51 5.07 3.32 2.34
80 7.42 4.48 2.23 1.65

RS TAPBINFAIT P BCBR RS B B Yot o e &
Table 5 Carbon content of high-carbon ferrochrome powder

containing calcium carbonate by microwave heating

Holding Mass fraction of carbon/%

time/min 1173 K 1273K  1373K  1473K
0 7.10 5.43 4.61 2.62
20 6.39 3.56 2.70 2.24
40 5.71 2.79 2.31 1.62
60 5.06 2.24 1.71 1.39
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Fig. 5 Relationship between different model functions and

decarburization time at different temperatures: (a) Microwave

heating; (b) Conventional heating
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Table 6 Apparent reaction rate constant k£ of high-carbon
ferrochrome powder containing calcium carbonate at different

decarburization temperatures by muffle furnace heating

Temperature/K ~ 7/10*K"' k1075 In(k/s )
1173 8.53 3.25 -8.03
1273 7.86 23.70 —6.04
1373 7.28 40.40 -5.51
1473 6.79 39.00 -5.55
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Table 7 Apparent reaction rate constant of high-carbon
ferrochrome powder containing calcium carbonate in different

decarburization temperature by microwave heating

Temperature/K ~ 7/10*K' k105 In(k/s )
1173 8.53 8.78 —7.04
1273 7.86 39.1 -5.54
1373 7.28 44.4 —5.42
1473 6.79 322 -5.74
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