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Growth behavior of metal iron grain during direct reduction of
low grade hematite

ZHU De-qing', XIAO Yong-zhong"%, CHUN Tie-jun', PAN Jian'

(1. School of Minerals Processing and Bioengineering, Central South University, Changsha 410083, China;
2. Lianyuan Iron and Steel Company, Valin Group, Loudi 417009, China)

Abstract: The size of metal iron grain of low grade hematite during coal based direct reduction was tested using optical
microscope and Leica image analysis software. The growth behavior of metal iron grain was investigated using Hillert
grain growth dynamic model. The results show that the growth rate constant of metal iron grain is 1.155 pm?*/min when
reduced at 1 200 ‘C for 5-120 min. The relationship between the average size of metal iron grain D(um) and reduction
time #(min) is D=exp(0.565In 7+0.072) at reduction temperature of 1 200 ‘C. The relationship between the average size
of metal iron grain D(um) and reduction temperature 7(K) is D=exp(—8 995 845In 7+8.899) when reduced for 120 min.
The apparent activation energy of metal ferrous grain growth is 132.53 kJ/mol in a reduction temperature range from 1 000
C to1200 C.
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Fig. 1 Occurrence of hematite in iron ore (White: Fe,0;)
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Fig. 2 Sketch map of image area and grain size using Qwin
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Fig. 3 Effect of reducing temperature on average size (D) of

metal iron grains
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Fig. 4 Effect of reducing time on average size (D) of metal

iron grains
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Fig. 6 Linear fitting of In D vs 1/T
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Fig. 7 Microstructures of reduced pellets after reduction at 1 200 ‘C for different times (white area: metal iron): (a) 10 min; (b) 20
min; (c) 30 min; (d) 40 min; (e) 60 min; (f) 80 min; (g) 100 min; (h) 120 min
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