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Report:

Despite over ten years of research into the low-
cost electrowinning of titanium direct from the
oxide, the reduction sequence of TiO: pellets in
molten CaCl> has been the subject of debate,
particularly as the reduction pathway has been
inferred from ex-situ studies. Here, for the first
time white beam synchrotron X-ray diffraction is
used to characterize the phases that form, in-situ
during reduction and with ~100 pm spatial
resolution. It is found that TiO: becomes sub-
stoichiometric very early in reduction facilitating
the ionic conduction of oxygen ions, that CaTiOs
persists to nearly the end of the process and that,
finally, CaO forms just before completion of the
process. The method is quite generally applicable
to the in-situ study of industrial chemical
processes. Implications for the industrial scale-up
of this method for the low-cost production of
titanium are drawn.

Performed experiments and current status:

R. Bhagat , D. Dye , S. L. Raghunathan, R. J.
Talling, B. K. Jackson , K. K. Rao , and R. J.
Dashwood; Analysis of the FFC reduction of

TiO; using white beam X-rays. Status: Analysis
complete and paper submitted to journal. [1]

B. K. Kackson , D. Dye , S. L. Raghunathan, R.
J. Talling, B. K. Jackson , R. Bhagat, M.
Jackson, and R. J. Dashwood; Analysis of the
FFC reduction of NiTiO; using white beam X-
rays. Status: Analysis complete and paper
submitted to journal. [2]

Highlight 1) Molar fractions of phases present
during reduction of TiO,.

Measuring the evolution of phases during
reduction is of critical importance for both
fundamental studies and scale-up issues. Two key
points are mentioned in regard to Figure 1:

* [t is interesting to note that the phase Tiz0s
is not detected during reduction. The Ti-O
phase diagram predicts that this phase
should precede the formation of Ti2O3 . In
addition, significant quantities were
observed by researchers such as Schwandt
et al. [3], Dring et al. [4] and by the authors
during ex-situ analysis of thin films. Thus
this experiment furthered the fundamental




understanding of the FFC process. In
addition, there are implications for scale up
and improvements in efficiency.

* (CaO is detected throughout the pellet at the
later stages of reduction. This phase forms
when the electrolyte in the pores becomes
saturated with oxide ions (22 mol. %). The
onset of Ca0 formation appears to correlate
with the reduction of calcium ternary
phases. This results in a rapid evolution of
oxide ions that have to be transported
through the pellet pores to the bulk
electrolyte. During reduction the porosity of
the pellet, which is originally highly porous
(60 % open porosity), is reduced through a
combination of sintering of titanium and
formation of titanate phases. This
significantly reduces the permeability of the
pellet allowing oxide ion saturation to occur.
In addition, the removal of CaO appears to
occur relatively easily once the flux of oxide
leaving the cathode is reduced. Previously, it
was previously believed that the formation
of CaO resulted in the reduction of
permeability of the cathode. The
investigators  believe this will have
significant  implications  for  further
fundamental studies and scale up.

Highlight 2) Oxygen content of Ti during
reduction

The intersistial oxygen content of alpha titanium
can be calculated from the lattice parameter c. The
thermal ex- pansion data for lattice parameter of
Berry and Raynor [5], based on a temperature
range of room temperature to 700°C, was
combined with the room temperature dependence
of oxygen content on lattice parameter measured
by David et al. [6]. It should be noted that the
hexagonal a-axis length is largely independent of
O content, so only the c-axis data was used in the
analysis. It is further assumed that the titanium that
first forms was saturated with oxygen (14 wt.% O
at 900°C). The variation in c-axis lattice parameter
and inferred interstitial oxygen content in the a-Ti
phase are shown in Figure 2. It was found that the
formation of the phase TiC is linked with the
removal of intersisitial oxygen from Ti. TiC is an
undersired product of this process, leading to
losses in efficiency and end product. Thus
understanding the formation and establishing
routes to minimise the formation is of critical
importance.
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Figure 1 Molar fraction Charts for Several
Sampling Sites in the Cathode
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Figure 2 Variation in the c - lattice parameter of
o-Ti and inferred interstitial oxygen content
during reduction.
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