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Abstract—Carbothermal reduction of titaniferrous magnetite with carbon was experimentally investigated
in order to get fundamental data for the production of rutile substitute from domestic titaniferrous magnetite
ore. The proper condition for the reduction of titaniferrous magnetite was as follows: reaction temperature
was 1150T , equivalent ratio of carbon to titaniferrous magnetite was 9.0 and reaction time was 60 min. Activated
carbon, pitch and charcoal acted as good reducing agent in this reduction. The addition of ferric chloride
to titaniferrous magnetite and carbon increased the rate of reduction of titaniferrous magnetite significantly.
Reduction rate data under isothermal condition from 1100C to 1150C were fitted to different rate equations
and have been found to be well represented by the equation 1—2x/3— (1—x)*®=kt, which is developed
assuming diffusion of reactants through the product layer is the controlling step. Under above mentioned
conditions, all Fe-oxide in the titaniferrous magnetite was reduced to metal Fe. Rutile substitute was prepared
from this reduced titaniferrous magnetite by magnetic separation,
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Fig. 1. Equilibrium dissociation pressure of various oxides
according to temperature.
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Table 1. Chemical analysis of various reducing agents

Red. agents

Comp. wt(%) Anthracite Charcoal Coke Activated carbon Hard pitch
Vol. matter 433 285 442 6.23 40.20
Ash 26.83 312 22.13 3.85 0.30
Fix. carbon 68.41 77.88 70.97 89.61 59.00
Sulfur 0.43 0.51 248 0.32 0.50

Table 2. Sieve analysis of titaniferrous magnetite ore sam-

ple
Mesh 170/200 200/270  270/325 —325 Total
% 4.6 7.0 0.2 88.2 100
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Fig. 2. Schematic flow diagram for the carbonthermal re-
duction of titaniferrous magnetite.
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2. Quartz reactor (H,S0,)
3. Alumina boat 12. O; Removing bottle
4. Thermocouple (pyrogallic acid)
5. Temperature 13. Ar Gas
controller 14. Thermocouple
6. Transformer 15. Gas collector
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8. Cold junction (Lead-acetate)
9. Flow meter 17. Three way valve

10. Drying bottle(P20s)
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Fig. 3. Effect of equivalent ratio of carbon to titaniferrous
magnetite ore on reduction of titaniferrous magne-
tite.
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Fig. 4. X-ray diffraction diagrams of the reduced titanifer-

rous magnetite according to change of carbon ratio.
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Fig. 5. Effect of temperature on the reduction of titanifer-
rous magnetite.
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Fig. 6. X-ray diffraction diagrams of the reduced titanifer-
rous magnetite at various reaction temperature con-
ditions.
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Fig. 9. X-ray diffraction diagrams of the reduced titanifer-
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vs. particle size.
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Fig. 12. Plot of isothermal reaction rate according to three
rate equations.
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Fig. 14. The effect of ferric chloride addition on reduction
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Fig. 15. X-ray diffraction diagrams of the reduced titanifer-
rous magnetite at various amount of the ferric ch-
loride.

Table 3. Chemical analysis of residue from the magnetic
separation of reduction product

Magnetic Test 1* Test 2**
separation
Comp. Pig iron Tislag Pigiron Ti slag
Ti comp.(%) 2.7 67.9 3.2 724
Fe comp.(%) 78.8 7.6 73.8 8.1

*Magnetic field: 600-800 gaus
**Magnetic field: 800-1000 gaus
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