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Fig.1 XRD pattern of fluorapatite raw ore
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Table 1 Chemical compositions of coke (mass fraction, %)

Fixed carbon Volatile matter =~ Ash  Moisture  Sulfur

85.44 1.26 12.46 0.22 0.62
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Fig. 2 Effect of SiO, contents on reduction degree of

fluorapatite
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Effect of Fe,O; contents on reduction degree of

fluorapatite
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Fig. 4 Effect of C/O molar ratio on reduction degree of

fluorapatite
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Fig. 5 Effect of reduction temperature on reduction degree of

fluorapatite
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Fig. 6 Effect of reduction time on reduction degree of

fluorapatite
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Fig. 8 Linear fitting of G(«) versus time of reduction of fluorapatite reduction: (a) 4,3; (b) Ds

2 TR I 5 ST ER bR IR I R T8 2 H L
Table 2

Mechanism function and apparent reaction rates of fluorapatite reduction

System Temperature/K Mechanism function, f'(a) Apparent reaction rate/min '
1473 0.00385
1498 0.00508
Ay
1523 5 0.00779
1/3(1-)[~In(1-a0)]
1548 0.01073
1573 0.01662
Ca10(PO4)6F2-Si02-F6203-C
1473 0.00084
1498 0.00102
1523 bs 0.00191
312(1-a)*[(1=a) =17 '
1548 0.00364
1573 0.05412
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Table 3 Kinetics parameters of fluorapatite reduction [4] LI Shu-fei, SUN Yong-sheng, HAN Yue-xin, SHI
Function k(T) R’ Guang-quan, GAO Peng. Fundamental research in utilization
of an oolitic hematite by deep reduction[J]. Advanced
Ay k(T)=(3.89033x10" )exp [_282748X103J 0.9904 Materials Research, 2011, 158: 106—112.
K (5] SEHEE, GREERR, IAOH, B0 W, EIBEL ARG
TR P IE J I 2 v Bk UL FE AE SR 43 AT 0], R K
Ds k(T)—(3-03536x101°)eXp[W] 0.9643 2R (I AREFEAR), 2018, 49(4): 15-21.
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Influencing factors and isothermal Kinetics of fluorapatite reduction

LI Yan-feng, SUN Yong-sheng, HAN Yue-xin, WANG Ding-zheng

(College of Resources and Civil Engineering, Northeastern University, Shenyang 110819, China)

Abstract: To study the influencing factors and isothermal kinetic parameters of fluoropatite reduction in the process of

coal-based reduction of high-phosphorus iron ore, the effects of reduction time, reduction temperature, and content of

silica, iron oxide or carbon on reduction degree of fluorapatite were studied by mixing pure minerals in the experiment.

On this basis, the reduction kinetic mechanism function and isothermal kinetic equation of fluoroapatite in

Cao(POy4)sF,-Si0,-Fe,0;-C system were investigated. The results show that increasing the amounts of silica, iron oxide

and carbon, and decreasing time and temperature, can accelerate the reduction reactions of fluoroapatite under experiment

conditions. In Ca;o(PO,)¢F,-Si0,-Fe,03-C system, the optimum ratios of silica, iron oxide comparing to fluorapatite are

1.8 and 2.2, respectively, and the optimal C/O molar ratio is 2.0. Based on the optimum amount of reactants, the best

mechanism function for the reduction of fluoroapatite is the A;s;: 1/3(17(1)[7ln(17a)]72; the best kinetic equation is

K(T)=3.89033 X 107exp(—282.748 X 10%/RT), where the pre-exponential factor is 3.89033 X 10’ min ', and the activation

energy is 282.748 kJ/mol. The limiting factor of the reduction reaction is solid-state diffusion.

Key words: fluoropatite; Ca,;o(PO,)cF,-Si0,-Fe,0;-C system; influencing factors; kinetic equation
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