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Abstract: The reductive transformation behavior and kinetics of hematite to magnetite under
fluidized bed conditions were studied by single mineral roasting test, isothermal reduction method
and microstructure analysis. The results of reaction kinetics show that the selective reduction of
hematite to magnetite with reductive fluidizing agent of 20wt% CO - 80wt% CO, in a micro-
fluidized bed reactor at 773 — 873 K is controlled by formation of magnetite crystal nucleus and
one-dimensional growth ( A,, model ), the apparent activation energy AE, of the reaction is
49. 64 kJ/mol and the pre-exponential factor A is 6.55 s '.
analysis and scanning electron microscopy measurement show that the fresh magnetite nucleus are
dense needle-like structure with different lengths, and that as the reaction proceeds, the magnetite

nucleus with the needle-like structure increases and aggregates to form porous magnetite particles.

The results of BET specific surface

Key words; hematite; fluidized magnetization roasting; magnetite; transformation behavior;
reaction kinetics
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Fig. 1 XRD pattern of hematite ore
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Fig. 2 Sketch of micro-fluidized bed magnetization roasting equipment
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Fig. 3 Conversion rate and reaction rate curves at different temperatures
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Table 1 Fitting analysis results of common gas and solid reaction kinetic mechanism function
i —— LR REL ;{:ﬁq:?zggﬁ
773 K 798 K 823 K 848 K 873 K
D, o 0. 964 06 0.973 78 0.973 82 0.977 12 0. 949 59 0.967 67
D, a+(l-a)ln(l -a) 0.958 51 0. 967 00 0.979 37 0.983 83 0.97352 0.972 45
D, 1-3(1-a)” +2(1 -a) 0.95473 0.961 96 0.978 76 0.981 82 0.983 02 0.972 06
R, «a 0.975 83 0.976 67 0.947 55 0.943 33 0.902 46 0.949 17
R, 1-(1-a) 0.975 83 0.98570 0.98303 0.987 67 0.967 93 0.980 03
R, 1-(1-a)”? 0.978 91 0. 984 67 0. 989 28 0. 994 05 0.983 19 0. 986 02
A, -In(1 - ) 0.97128 0.975 48 0. 988 96 0.988 22 0.994 13 0.983 61
A, [ -In(l-a)]*” 0.990 43 0.995 09 0.997 83 0.999 04 0.996 03 0. 995 68
A, [ -In(1-a)]" 0.990 52 0.990 59 0. 985 61 0.990 28 0.976 74 0.986 75
A, [ -In(l-a)]" 0.983 28 0.973 13 0.954 93 0. 955 64 0.936 62 0.960 72
A, [ -In(1-a)]"* 0.964 71 0.943 26 0.916 82 0.911 81 0.953 63 0.938 05
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Table 3 Specific surface properties for specimens at different roasting stages
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Fig. 6 Microstructure of samples roasted for different time at 873 K
(a)—30s(a=10% ); (b)—120s(a=50% ); (c),(d)—420 s(a=100% ).
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Fig. 7 Physicochemical processes in the fluidized
reductive magnetization of hematite particles

3 45 1w

1) ARERE T R80T 10 20 1 38 SR 5% 1k
RGIE] SC R Y B B A« S” . B & IR
Ji T B v R 238 3 ke R e |, R4 1) Ak
W58 S 6 AL T T B INE IS () 440 66 5 AS TR) IR B8 T 2
PR GRS R ML E BB VB M R R R
FERER i, B R RN SR R K HLs 3 e K B i il
R A ]

2) AR, IR MRG0 e R
IR IR A2 ERR T A TE IS — AR K A, , B
il R LR WTE AL fE AE, A7 49. 64 kJ/mol , $& T
KT AHN6.55s".

3) BAREERY A R ARG KA —.
Bl 75 SN I IEAT , IRERA PR AR /N | A L
PR HHBOR 2 T R A58 R R Rk
WA Kt B2 i 25 5 B AL L 5 & T 8o iy 7
A BT A R ORI R B AA Z LAY,

S Xk

[1] Chun T,Zhu D,Pan J. Simultaneously roasting and magnetic
separation to treat low grade siderite and hematite ores[J].
Mineral Processing and Extractive Metallurgy Review 2015,
36(4) .223 -226.

(2]

[3]

[4]

[5]

[6]

(7]

[8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Yang H,Jing L, Zhang B. Recovery of iron from vanadium
tailings with coal-based direct reduction followed by magnetic
separation [ J ]. Journal of Hazardous Materials, 2011, 185
(2/3) .1405 - 1411.

Peng N,Peng B,Chai L Y, et al. Recovery of iron from zinc
calcines by reduction roasting and magnetic separation[J].
Minerals Engineering ,2012 ,35 .57 - 60.

Yu J,Han Y, Li Y, et al. Separation and recovery of iron
from a low-grade carbonate-bearing iron ore using
magnetizing roasting followed by magnetic separation[J].
Separation Science and Technology, 2017, 52 ( 10 ).
1768 - 1774.

Liu X,Yu Y,Chen W. Phase change of chlorite in reducing
atmosphere [ J |. Physicochemical Problems of Mineral
Processing ,2014,50(2) :607 - 614.

PRI, ZE . MEE R A LR AL P SR S 5 R
JERIS[J]. LT 2447 ,2014,65(7) :2437 - 2442.

( Zhu Status quo and
development prospect of magnetizing roasting via fluidized
bed for low grade iron ore[J]. Journal of Chemical Industry
and Engineering ( China) ,2014,65(7) :2437 —2442. )

Feng Z, Yu Y, Liu G, et al. Kinetics of the thermal
decomposition of Wangjiatan siderite [ J]. Journal of Wuhan
University of Technology ( Materials Science Edition) ,2011,
26(3) :523 -526.

A ERIRORT, R HALE A5 IR IR R R R R B B RE P
FELI]. RAL KR ¥ (AR R RR) , 2015,36 (7) -
1024 - 1028.

(Wang Ru, Han Yue-xin, Li Yan-jun, et al. Research on

Qing-shan, Li Hong-zhong.

magnetic properties of oolitic hematite roasted by suspension
roasting furnace [ J]. Journal of Northeastern University
( Natural Science) ,2015,36(7) :1024 —1028. )

Yu Y F, Qi C Y. Magnetizing roasting mechanism and
effective ore dressing process for oolitic hematite ore [ J].
Journal of Wuhan University of Technology ( Materials
Science Edition) ,2011,26(2) :176 —181.

Feilmayr C, Thurnhofer A, Winter F, et al. Reduction
behavior of hematite to magnetite under fluidized bed
conditions[ J . ISIJ International ,2004 ,44(7) :1125 —1133.
Li Y,Zhu T. Recovery of low grade hematite via fluidized
bed magnetizing roasting ; investigation of magnetic properties
and liberation characteristics[ J ]. Ironmaking & Steelmaking ,
2012,39(2) ;112 - 120.

Li Y, Wang R, Han Y, et al. Phase transformation in
suspension roasting of oolitic hematite ore [ J |. Journal of
Central South University ,2015,22(12) ;4560 —4565.
Vyazovkin S, Burnham A K, Criado J M, et al. ICTAC
Kinetics Committee recommendations for performing kinetic
computations on thermal analysis data [ J]. Thermochimica
Acta,2011,520(1/2) .1 - 19.

Hayes P C, Grieveson P. The effects of nucleation and growth
on the reduction of Fe,O; to Fe;O, [ J]. Metallurgical
Transactions ;B ,1981,12(2) :319 - 326.

Hayes P C, Grieveson P. Microstructural changes on the
reduction of hematite to magnetite [ J |. Metallurgical and
Materials Transactions ;B ,1981,12(3) :579 - 587.
Et-Tabirou M, Dupré B, Gleitzer C. Hematite single crystal
reduction into magnetite with CO-CO, [ J]. Metallurgical
Transactions ; B,1988,19(2) :311 -317.



