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1. Outline of the Research Field.

The tendecy that the resources of high grade natural rutile are becoming less and less as
titanium industry progresses enforces us to make use of the abundant ilmenite deposits. Both
preoxidation and reduction of ilmenite play important roles in upgrading this material, there-
fore it is very important to study the kinetics of these two processes.

The present research work includes the following three main parts *

(a) the kinetics of the oxidation and reduction of a single pellet made of natural
ilmenite ;
(b) the kinetics of the oxidation and reduction of synthetic ilmenite ;

(c) the reduction kinetics of natural ilmenite in a fluidized bed.

2 . Oxidation Kinetics of a Single Natural limenite Pellet

The oxidation kinetics of natural ilmenite was studied thermogravimetrically with cement-
bonded pellets made of three kinds of ilmenite ores which were from Australia, China and
Malaysia, respectively., The experimental apparatus is schematically shown in Fig. 1.

The results of X-ray diffraction (XRD) analysis with samples before and after oxidation

showed that the reaction mechanism changed with temperature. Furthermore, appreciable
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temperature rise was found inside the pellet during the oxidation with pure oxygen by inserting
a fine sheathed thermocouple into the pellet. In order to circumvent the change in reaction
mechanism and to suppress the temperature rise, a series of experiments was carried out with
diluted oxygen (9.8 mol% O:~—N:) from 1073 to 1273 (bulk temperature).

The experimental data measured with the diluted oxygen were analyzed according to the
unrected core shrinking model. It was found that the oxidation rate was mainly limited by the

intrapellet diffusion of oxygen through the product layer and the intrinsic chemical reaction.

3. Nonisothermal Behavior of the Oxidation of Natural limenite Pellet

The oxidation kinetics of an ilmenite pellet with pure oxygen can not be interpreted with iso-
thermal kinetic models because of the remarkable temerature rise inside the pellet. Instead, this
subject was analyzed with an unsteady nonisothermal kinetic model developed by treating the
mass transfer as a pseudo-steady state process and the heat transfer within the pellet as an un-
steady state process, respectively. Fairly good agreement between the model prediction and ex-
perimental data was obtained by solving the governing differential equations numerically. with
the kinetic parameters determined experimentally.

The effect of heat accumulation inside the pellet was evaluated and it was found that the
pseudo-steady state assumption for heat transfer within the pellet was invalid especially in the
initial stage. According to the resistance fraction of each step and the value of Biot number,
the total oxidation rate was mainly controlled by the intrapellet diffusion of oxygen and the
overall heat transfer rate was mainly limited by the poor heat conduction through the product

layer.

4 . Reduction Kinetics of a Single Natural limenite Pellet

The hydrogen reduction kinetics of natural ilmenite was studied thermogravimetrically with
the apparatus and the three kinds of cement-bonded pellets used in previous sections, Special at-
tention was focused on the kinetic behavior of the reduction of the complex intermediate com-
pounds, such as pseudorutile (Fe:Ti;0,) and pseudobrookite (Fe.TiOs) as well as the step-
wise reaction kinetics of the reduction of the preoxidized ilmenite pellet.

Preoxidation of the ilmenite pellets accelerated the subsequent reduction and the reduction
rate increased with preoxidation temperature,

The reduction of the preoxidized pellets proceeded in stepwise manner. The first step was
the conversion of the ferric material to ferrous one (Reaction I) and followed by the second
step, the further reduction of the ferrous material to metallic iron and rutile (Reaction 1I).

The kinetics of the direct reduction of the ilmenite pellets was analyzed with a one-interface

kinetic model and that of the reduction of preoxidized ilmenite pellets was interpreted with a
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two-interface kinetic model as shown in Fig. 2.

Reaction I finished within several minutes and the overall reduction was manily consisted of
Reaction . The rate-controlling step was evaluated in terms of resistance fraction of each
step concerned, according to which the intrapellet diffusion of the gaseous species played an

important role in the reduction of the ilmenite pellets.

5. Kinetics of the Oxidation and Reduction of Synthetic limenite

In order to remove the influence of impurities, the kinetics of oxidation and reduction was
studied with synthetic ilmenite., According to the XRD results, the synthetic ilmenite consisted
of pure FeTiOs;.

The kinetics of the oxidation and reduction of the synthetic ilmenite was studied
thermogravimetrically with slabs (15mm ¢ x 1mm) using the same apparatus as that mentioned
above, and the experimental results were analyzed with similar kinetic models as that stated
previously.

There are two phases in the oxidized ilmenite, one of which is dark in color and rich in tita-
nium and the other is bright in color and rich in iron. As shhown in Fig. 3, microscopically,
the distribution of titanium and iron in the oxidized layer is not uniform and the mineral
composition of the titanium-rich phase changes between ferric pseudobrookite (Fe:;Os. TiO:)
and pseudorutile (Fe,Os.3TiO;) but the iron-rich phase almost consists of pure hematite
(Fe.0s).

6 . Kinetics of the Reduction of Natural limenite in a Fluidized Bed

As proved by the cold experiments, the fluidization was smooth and uniform when the gas
superficial velocity was (5~6) un¢ and the amount of solid sample was about 50g, and no slug-
ging phenomenon was observed,

The hydrogen reduction kinetics of Australian ilmenite in a bubbling fluidized bed was studied
with the apparatus shown schematically in Fig. 4. The reaction rate was measured by the fol-
lowing two methods : (a) analyzing the chemical composition of the exit gas with a mass spec-
trometer 5 (b) determining the reduction degree by oxidizing the solid samples taken at
different reaction time intervals,

The reduction kinetics was interpreted in the light of a kinetic model developed on the basic
concept of the "two-phase theory” and the governing differential equations were solved numeri-
cally by meane of finite difference approximation,

Fairly good agreement between the kinetic model predictions and that of measurement
obtained. It was further found that the concentration distribution of hydrogen in emulsion

phase and bubble phase was different, whereas, the distribution of the local reduction degree of
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powders in the two phases was almost uniform, moreover, both the mass transfer and the in-

trinsic chemical reaction played an important role during the reduction.

7 . Conclusions

The main results and conclusions of the present research work were summarized.
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