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Research on co - reduction of high — manganese
and high — aluminum iron ores

Zhu Deging' Xue Yuxiao' Pan Jian' Zhou Xianlin®
(1. School of Minerals Processing and Bioengineering Central South University Changsha 410083 China;
2. School of Resource and Environmental Engineering W uhan University of Science and Technology W uhan 430083 China)

Abstract: It is of great significance to realize the efficiently and comprehensively utilization of iron manganese and
aluminum from extremely refractory high — aluminum iron ores and high — manganese iron ores with abundant
reserves. Aimed at the two types of low grade refractory iron ores mineralogical characteristics were studied. The
direct reduction behaviors and evolution of mineral compositions of single iron ores and their blended ones were
analyzed and the corresponding reduction mechanisms were demonstrated. The results showed that high — aluminum
iron ore possesses poor reducibility because only part of the iron oxides are reduced to metallic iron with a lower
metallization degree after reduction while the other react with aluminum and silicon to form fayalite and hercynite
which are difficult to be reduced. For the high — manganese iron ore better reducibility is achieved because most of the
iron oxides can be reduced to metallic iron with high metallization degree and manganese oxides are combined with
aluminum - silicate minerals to form galaxite and tephroite promoting the reduction of iron oxides. Under the same
conditions for reduction the metallization degree of the high — manganese iron ore pellets is higher by 30% than that
of high — aluminum iron ore pellets. Co —reduction of the blends of the two types of iron ores demonstrated that the
metallization degree of the pellets could be more than 90% at the ratio of 60% high — manganese iron ore in the pellet
feed which proves that manganese oxides can obviously promote the reduction of iron oxides in high — alumina iron
ores.
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Table 1 Chemical compositions of the raw materials ( mass fraction) %
TFe FeO TMn  AlLO; Sio, Ca0 MgO K,0 Na, O P S LOI
41.92 0.17 1.24 13.74 13.96 0.13 0. 88 0.42 0.033 0. 130 0.014 7.20
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Fig. 1 XRD patterns of the raw materials -3 mm,
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Table 2 Occurrence and distribution of the main elements in the two raw materials ( mass fraction) Y%

0.08 0.01 41.33 0.50

0.19 0.02 - 98.59 1. 19

0.14 0.01 41. 84 0.33

0.33 0.02 - 98. 87 0.78
3.60 8.61 1.53 0.14 0.82 0.28 0.70 13.26
26. 20 62. 66 11. 14 11.29 66. 13 - 22.58 5.01 94.99

3.37 2.73 0.50 0. 60 6.72 1.82 0.10 0. 60 3.62
51. 06 41.36 7.58 6.49 72.73 19.70 1.08 14.22 85.78
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Table 3 Industrial analysis of reductant coal and fusibility of coal ash

1% /°C

Fcad Mad Ad Vdaf St. ad
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Table 4 Chemical compositions of coal ash ( mass fraction) %
TFe Si0, Al 0, CaO MgO K,O Na, O P S
11.80 27.62 8.02 24. 94 1.34 0.16 1.34 0.01 12.92
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Fig. 2 Vertical furnace for direct reduction
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Fig. 3 Effect of direct reduction temperature on
metallization ratios of the pellets with high —aluminum
and high - manganese
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Fig. 4 Effects of direct reduction temperature on phase
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Fig. 5 Effects of direct reduction time on metallization
ratio of the pellets of high —aluminum and high —
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Fig. 6 Effects of direct reduction time on phase
composition of high —aluminum and high — manganese
res in the reduction (1 050 °C C/Fe mass ratio of 1. 5)
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Fig. 7 Effects of C/Fe mass ratio on metallization
ratio of the pellets (1 050 °C for 90 min)
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Table 5 Effect of ratio of high — manganese ore on the
main compositions of mixture( mass fraction) %

TFe TMn AL O, Sio,
0 45.17 1.34 14. 81 15.04
20 45. 64 3.09 13.38 13.05
40 46. 11 4.87 11.93 11.03
60 46.59 6. 67 10. 45 8.97
80 47.08 8.52 8.95 6.87
100 47.58 10. 39 7.42 4.74
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Fig. 8 Effects of ratio of high - manganese
iron ore on metallization ratio of the pellets
(1050 C C/Fe ratio of 1. 5)
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