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Introduction: In the last years we have carried out
several studies concerning the utilization of the sound as-
sisted fluidized bed methodology to extract oxygen from
ilmenite by means of hydrogen reduction [1, 2]. This tech-
nique, acting on the inter-particles forces, may appear to be
suitable to treat lunar soils containing very fine basalt with
high ilmenite content. With respect to the conventional
fluidized bed technique, it may present some advantages as
related to the entrainement problems [3, 4] and particle-
particle interactions.

The results obtained show a significant increase of
the reaction rate as a function of the flow rate up to 1
bar of hydrogen pressure. The present work aims in-
vestigate the reduction process of ilmenite with meth-
ane utilizing the same sound assisted technique.

The experiments were carried out in two different
steps, firstly by studying the ilmenite reduction proc-
ess with methane directly in a thermobalance and
subsequently by performing the reaction in the sound
assisted fluidized bed. The thermogravimetric study
yielded to define the kinetic model of the global
chemical reaction:

FeTiO3 + CH4 → Fe + TiO2 +CO + 2H2.
The thermobalance collected parameters have

constituted the base for the set up of the successive
experiments in the fluidized bed.

Samples of Canadian ilmenite, powder ( 90-105
µm) were made interact with methane gas at different
pressure values, ranging from 2 – 30 kPa at tempera-
tures varying between 1120 –1250 K. The thermo-
grams were acquired at different flow rate showing an
increasing of the reduction rate depending on tem-
perature, flow rate and methane pressure.

The typical plots at 1223 K, showing the weight
loss as a function of time, represents a general be-
haviour observed at other temperatures, in wich one
can recognise three different steps characterizing the
process evolution.

The first phase is characterized by a slow rate of
the reaction followed by a very fast step and a subse-
quent region of weight increase.

Figure 1. A typical thermogram of the reduction
of the ilmenite with methane at 1223 K, 15 kPa, su-
perficial velocity equal to 7 m/s.

Structural and compositional analyses, X-ray dif-
fraction, electron microanalysis carried out on the
samples partially reduced taken at different process
steps, allowed to establish that the reaction evolves in
a topochemical manner , described by a shrinking
core model [5]. These observation are in agreement
with the results reported by A.Rouanet et al. [6]
which postulate a possible reaction mechanism in-
volving the following steps : methane decomposition
in C and H2 iron catalyzed; interface reduction by
hydrogen of iron oxide, gas transfer in porous re-
duced medium, steam reduction by carbon and carbon
monoxide transport. On these base we can describe
the behaviour of the three zones reduction process: 1)
Slow reaction rate due to the scarce presence of me-
tallic iron 2) increasing of the reaction rate thanks to
the increased formation of metallic iron that allows an
higher methane decomposition. This produce two
secondary effects, the carbon deposition and its reac-
tion with water coming from the ilmenite reduction,
giving rise to C and H2 formation. 3) At the end of the
ilmenite reduction process, the unique chemical proc-
ess is the catalytic decomposition of methane with a
weight increasing owingn to the carbon deposition.
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