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Solid State Reduction of Haematite by Mechanical Alloying Process
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Abstract The effects of mechanical alloying conditions and the type of reducing agent on the solid state
reduction of haematite, Fe,05 have been investigated at room temperature. Aluminium, titanium, zinc and copper
were used as reducing agent. Nanocomposites of metal-oxide in which oxide particles with nano size were
dispersed in Fe matrix were obtained by mechanical alloying of Fe,O5 with aluminium and titanium, respectively.
However, the reduction of Fe,O; by copper was not occurred. Composite materials of iron with Al;O3 and TiO,
were obtained from the system of Fe,03-Al and Fe,O5-Ti after ball milling for 20 hrs and 30 hrs, respectively.
And the system of Fe,O3-Zn resulted in the formation of FeO with ZnO after ball milling of 120 hrs. The final
grain sizes of iron estimated by X-ray diffraction line-width measurement were in the ranges of 24~33 nm.
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Table 1. Reaction Heats of the Displacement Reactions.

Reaction Q(Kcal/mole of oxygen)
Fe,03+Al — 2Fe+AL 05 -68
2Fe,03+3Ti — 4Fe+3TiO, -55
Fey03+3Zn — 2Fe+3Zn0O -27
Fe,03+3Cu — 2Fe+3Cu0O +19
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Fig. 1. X-ray diffraction patterns of Fe,0O3+Al system as a
function of milling time.
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Fig. 3. X-ray diffraction patterns of Fe,O;+Ti system as a
function of total milling time.
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Fig. 4. SEM micrographs of the Fe,03+Ti system ball-milled for (a) 0 h, (b) 2 h, (¢) 4 h, (d) 30 h.
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Fig. 5. The milling time dependence of saturation magne-
tization, Ms of ball-milled Fe,O3+Ti powders.
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Fig. 6. The milling time dependence of coercivity, He of
ball-milled Fe,O+Ti powders.
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Fig. 7. X-ray diffraction patterns of Fe,03+Zn system as a
function of total milling time.
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Fig. 8. X-ray diffraction patterns of Fe;03+Cu system as a
function of total milling time.
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Table 2. Results of solid state reduction by MA in Fe,03 and pure metals (Al, Ti, Zn, Cu).

=7 A B "8 (Kcal/mole) F0 HAFBAINrs) HFAALAY
Fe,05-Al Fe,0s, Al -68 Fe;0, 20 Fe+Al, 05
Fe,05-Ti 2Fe,0;, 3Ti -55 Fe;Ti;0y 30 Fe+TiO,
Fe,05-Zn Fe,05, 3Zn 27 Fe;0, 120013 ) FeO+ZnO
Fe,05-Cu Fe,05, 3Cu +19 FAEHA S Fe,04+Cu
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