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Fig.1 Flow chart of ecological and efficient utilization of iron-aluminum symbiotic resources
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Table 1 Compositions of iron-aluminum symbiotic ore (mass

fraction, %)

Fe,0; ALO; SiO, TiO, MnO MgO FeO CaO LOIV

44.03 2332 1227 136 021 0.25 0.06 0.05 18.45

1) LOI: Loss of ignition.

Ca0 5 ALO; I BE/R HO) AR A LL(C/O, BE N A 6%
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Fig. 2 Metallization rates of pre-reduced ore at different

temperatures
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Fig. 3 XRD patterns of pre-reduced ore at different

temperatures
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Table 2 Phase compositions of pre-reduced ore at different

temperatures
Temperature/ Mass fraction/%
C CAS Ca0 CpA; p-CS GA
1200 1047  7.29 3.02 6.09 7.08
1250 8.97 4.65 4.53 1326  6.51
1300 7.87 2.43 6.92 13.66 598
1350 6.33 0.75 8.16 1474  3.27
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Fig. 4 Metallization rates of pre-reduced ore for different

durations
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Table 3 Phase compositions of pre-reduced ore for different

durations
Mass fraction/%
Time/min

CzAS CaO C12A7 ﬁ-CZS C3A
10 10.24 6.64 3.19 8.21 8.79
30 7.87 2.43 6.92 13.66 5.98
60 6.44 1.86 7.69 14.46 4.85
90 6.04 1.24 8.54 14.96 3.76
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Fig. 6 Metallization rates of pre-reduced ore with different
C/A ratios
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Fig. 7 XRD patterns of pre-reduced ore with different C/A

ratios
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Table 4 Phase compositions of pre-reduced ore with different

C/A ratios

Mass fraction/%
C/A

C2AS CaO C12A7 ﬂ-CZS C3A

0.4 9.89 2.47 3.38 5.39 1.98
0.6 8.78 2.65 438 6.61 3.24
0.8 8.32 2.84 5.15 7.63 4.26
1.0 7.93 3.14 6.54 10.31 5.47

1.2 7.87 243 6.92 13.66 5.98
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Fig. 8 Metallization rates of pre-reduced ore with different

C/O ratios
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Fig. 9 XRD patterns of pre-reduced ore with different C/O

ratios
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Table 5 Phase compositions of pre-reduced ore with different

C/O ratios

Mass fraction/%
C,AS CaO CA S-C,S C;A

C/O

0.5 9.21 3.04 3.43 5.14 5.16
0.8 8.75 2.89 4.01 5.7 4.65
1.2 8.32 2.84 5.15 7.63 4.26
1.6 7.88 2.59 5.98 8.39 3.43
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Fig. 10 Microstructures of pre-reduced ore with different

durations: (a) 0 min; (b) 30 min; (¢) 60 min
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Fig. 11 Elemental distribution of pre-reduced ore (1300 ‘C, 30 min, C/A=1.2, C/O=1.2): (a) SEM image; (b) Corresponding
elemental map of selected area; (c) Ca; (d) Al; (e) Fe; (f) Si
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Abstract: The efficient utilization of iron-aluminum symbiotic resources is great significance to the healthy development
of aluminum industry and iron and steel industry in China. Based on the new technology of “non-blast furnace to extract
iron-calcium aluminate slag to extract aluminum”, the effects of pre-reduction temperature, time, C/A ratio, C/O ratio on
the metallization rate and phase transformation behavior of iron-aluminum symbiotic ore in the pre-reduction process
were systematically studied. The metallization rate of ore increases obviously with the increase of pre-reduction
temperature; with the extension of reduction time and the increase of C/A ratio, the metallization rate first increases and
then decreases, which reaches the maximum for 30 min and 0.8, respectively. The increase of C/O ratio is conducive to
the increase of metallization rate, but the increase range is not obvious. The pre-reduction conditions have little effect on
the phase types of pre-reduced ore. In the early stage, the phases of Fe, 2Ca0O-Al,05-Si0,, 12Ca0-7A1,03, 2Ca0-SiO,
and 3Ca0O-ALO; can be formed. Increasing the C/A ratio, the pre-reduction temperature and time can promote the
transformation of 2Ca0-Al,0;-SiO, to 12Ca0-7A1,05 and 2Ca0-SiO,. The recommended conditions of pre-reduction
process are that the pre-reduction temperature is 1300 “C, the holding time is 30 min, the C/A ratio is 0.8, the C/O ratio
1.2, and the metallization rate of pre-reduction ore is 63.10%.

Key words: iron-aluminum symbiotic resource; carbothermic reduction; metallization rate; calcium aluminate; dicalcium
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