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Experimental study on hydrogen-carbon synergistic reduction of
vanadium-titanium magnetite
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Abstract: The study explored the effects of aggregate quantity and reduction temperature on the gas-
based reduction metallization rate and compressive strength of vanadium-titanium magnetite through a
synergistic reduction method using vanadium-titanium magnetite concentrate powder internally mixed
with semi-coke aggregate and hydrogen. X-ray diffraction (XRD), scanning electron microscopy
(SEM), and X-ray computed tomography (XCT) were employed to analyze the phase composition, mi-
cro-morphology, and pore structure changes of the reduced products. The results indicated that the re-
duction effect of vanadium-titanium magnetite was significantly enhanced when reduced with intern-
ally mixed semi-coke in hydrogen atmosphere. In contrast, no reduction of vanadium-titanium mag-
netite was observed with semi-coke in a nitrogen atmosphere. After the reduction of vanadium-titanium
magnetite mixed with semi-coke, the XRD diffraction peaks of metallic iron were intensified, while the
semi-coke diffraction peaks were decreased. On the surface of the samples after reduction with semi-
coke, the semi-coke particles remained relatively intact, with numerous pores in their vicinity. The em-
bedded semi-coke increased the number of pores within the samples and enlarged the pore diameters,
facilitating the penetration of reducing gases into the samples for reduction, thus enhancing the reduc-
tion effect of vanadium-titanium magnetite.
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Fig. 9 EDS images of vanadium-titanium magnetite after reduction in H, atmosphere
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