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Kinetics of chromite ore in oxidation roasting process

LI Xiao-bin, QI Tian-gui, PENG Zhi-hong, LIU Gui-hua, ZHOU Qiu-sheng

(School of Metallurgical Science and Engineering, Central South University, Changsha 410083, China)

Abstract: The traditional lime-free roasting process used for manufacturing chromate from chromite ore has low
oxidation rate which impact the chromate production efficiency and chromium recovery rate seriously. To intensify the
oxidation roasting process of chromite ore, the oxidation kinetics and its mechanism were studied. The results show that
there are two stages for the oxidation roasting process of chromite ore. The oxidation reaction is very rapid in the initial
stage but quite slow in the later stage. The oxidation rate of chromium( ) in chromite ore can reach more than 99%
under the optimized conditions. The whole oxidation process of chromite ore follows the shrinking unreacted core model,
and the surface chemical reaction is the controlling step. The apparent activation energies of the initial and later stages are
68.7 and 231.8 kJ/mol, respectively. And the sodium chromate is produced by the reaction of chromite with sodium
carbonate and oxygen in the initial stage, whereas sodium chromate is formed by the reaction of chromite with sodium
ferrite formed in the initial stage and oxygen in the latter stage.
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Table 1 Chemical composition of chromite ore (mass

fraction, %)

Cr203 ALO3 Fe203 SiO2 MgO

41.42 22.95 22.29 4.24 8.63
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Fig.1 XRD pattern of chromite ore
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Fig.2 Effects of roasting temperature and duration time on

oxidation rate of chromium( ) in chromite ore
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Fig. 4 Relationship between 1— (1—x)"3 and time at different

roasting temperatures: (a) Initial stage; (b) Later stage
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Table 2 Apparent reaction rate constant of chromium

oxidation at different roasting temperatures

Apparent reaction rate constant, k/min"!

Temperature/K
Initial stage Later stage
1223 2.52x1072 7.0x107*
1273 3.47x1072 1.4x1073
1323 4.53x1072 3.6x107°
1373 5.22x1072 8.1x1073
E
Ink=——2+In4 4)
RT
k Ea
J/mol R R=8.314J/mol T
K 4
Ink UT 5
68.7  231.8 kJ/mol
2.3

FeCr04+2NaxCO3+7/40,=2Na,CrO4+1/2Fe;03+2CO»
(5)
FeCr,04+Na;CO3+1/40,=NazCr204+1/2Fe,03+CO>
(6)
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Fig. 5 Relationship between apparent reaction rate constant and temperature: (a) Initial stage; (b) Later stage
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