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Most people rely on products containing
titanium dioxide pigment every day.  From its
principal use in paints, plastics and paper to
its wider uses such as in toothpaste, sunscreens
and other personal care items and even in
coffee whiteners, this inexpensive pigment
provides exceptional whiteness and opacity.
It has many other uses too, from plastics and
ceramic glazes to consumer electronics and
flux for welding.  World consumption
amounts to 5.7 million tonnes per annum,
worth $12.5 billion.  Titanium metal is widely
used in the aerospace and high-temperature
alloys for aircraft and high-performance car
engines.

Competing in a global marketplace, UK and
other European manufacturers are under
constant pressure to keep down costs and
make improvements in efficiency.  For this
reason there is likely to be keen interest in new
research supported by the Sustainable
Technologies Initiative that has successfully
developed a new process for extracting
titanium dioxide from mineral ores (the
process known as beneficiation).  The novel
technology overcomes a major barrier to using
lower grade ores, available at much lower costs.

‘Our aim was to demonstrate new sustainable
technology for complex minerals containing
titanium dioxide that cannot be processed
economically at present,’ explains Professor
Animesh Jha, who led the research at the
University of Leeds.  ‘The rising cost of
handling toxic and hazardous wastes has made
it uneconomic to exploit these lower grade
ores using conventional processes.  We believe
our solution offers the most suitable extraction
process for a variety of ores and there could be
very significant potential in global markets.’

Titanium dioxide pigments are commonly
made from ilmenite ore, which contains a
wide range of impurities that must be removed
to achieve full whiteness of the pigment.
Using processes that are currently in operation
worldwide it is difficult to eliminate minor
amounts of aluminium, silicon and chromium
and traces of cerium, lanthanum, neodymium,
uranium and thorium which naturally occur

with mineral deposits.

The new technology can handle both richer
and lower grade ores by making it possible to
remove all impurities, which are either washed
away with water or separated by simple
filtration.  In a two-stage process, ores are first
roasted with alkali and then washed with water
to obtain the titanium content, which is then
concentrated by acid leaching.

‘The main advantage of our technology is that
there are no hazardous wastes produced in the
extraction process and that is a real
breakthrough,’ explains Professor Jha.  ‘There
are significant cost implications for a
commodity that is highly price sensitive.’

The new technology makes it possible to
upgrade ores containing less than 50% TiO2

that cannot be treated economically with
conventional techniques.  The output is an
extremely high grade of synthetic titanium
dioxide ore, known as rutile.  The yield is 95%
or higher, compared with around 85% that is
currently the norm, giving an added economic
advantage.

‘When it comes to the next step of making
pigment by reacting the rutile with chlorine
gas, this means that significantly less gas is
needed,’ says Professor Jha.  ‘As a result,
efficient chlorination can be achieved at much
lower cost than is currently possible in the
industry.’

In the STI project known as SECRET – ‘A New
Sustainable Chemical Route for the Extraction
of TiO2’ - researchers from the Institute for
Materials Research at the University of Leeds
received support from industrial partners
Millennium Inorganic Chemicals, and from
the EPSRC and the DTI (now DBERR) through
the Sustainable Technologies Initiative (STI).
 The STI programme was set up with the aim
of improving sustainability of UK business,
achieving economic growth and employment
while safeguarding the environment and
conserving natural resources.

Titanium dioxide is odourless, absorbent and

SUSTAINABLE
BREAKTHROUGH IN
TITANIUM DIOXIDE
PRODUCTION

STI research has achieved a breakthrough in
sustainable production of titanium dioxide,
one of industry’s most widely used pigments.
The novel technology eliminates hazardous
waste production, making it possible to
exploit lower grade ores and cut costs.

‘We believe our solution
offers the most suitable
extraction process for a
variety of ores and there
could be very significant
potential in global
markets.’
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safe to use and it is the manufacturing phase
that has the most significant impact in terms of
sustainability.  In conventional production
processes hazardous metals and inert solids are
discharged to water, arousing environmental
concerns.  The new technology overcomes this
problem for the first time.

‘Sustainability is a key factor in our research,’
says Professor Jha.  ‘We can achieve complete
separation of lanthanides and actinides and
much improved removal of other impurities
such as iron, alumina, magnesium and calcium,
together with recycling of alkali and carbon
dioxide.’

‘The support of the STI programme made it
possible to carry out collaborative research that
will make a real difference to sustainable
production of one of the most important
industrial commodities,’ he adds.  ‘There are
opportunities for both further research and
commercial exploitation, which we are
discussing with our industrial sponsor.’

Additional project information
and background

Why is titanium dioxide of such
technological importance?

Titanium dioxide is the most widely used white
pigment because of its brightness, very high
refractive index and opacity.  It is extensively
used in the manufacture of paper, pigment,
pharmaceutical, high-temperature alloys,
personal health and beauty care products, and
in welding and consumer electronics.

What are the main sources and process
benefits?

Titanium is commonly found in the form of
rutile (TiO2) and ilmenite (FeTiO3) ores.  Ilmenite
ore contains around 70% of TiO2 by weight and
a total iron concentration of 18% with the
remaining 12% consisting of minor and trace
impurities.  One of the main processes for

making ultra-pure TiO2 pigments is the chloride
process, in which beneficiated titanium ore of
purity greater than 80% is used for the
production of TiCl4 which is then oxidised to
make white pigment product.  Impurities such
as aluminium, calcium, silicon, actinide and
lanthanides add to the overall cost of TiCl4

production.  Hazardous chloride wastes need to
be neutralised before disposal..

How does the new beneficiation process
work?

There are two main steps in the new process.
First titaniferrous minerals (ilmenite ore) are
roasted with alkali to form water-soluble alkali
ferrite and insoluble alkali titanate, which are
leached with water.  Coarse residue is then
leached with acid to concentrate beneficiated
TiO2 ready for chlorination.  Acid soluble salts
are recovered, delivering a range of additional
by-products.

How does the process avoid the production
of hazardous and toxic wastes?

All the alkali used in the roasting process is
recovered during the water washing and acid
leaching stages.  Minor elements such as
aluminium, chromium and silicon form water
soluble compounds that are readily separated.
 Trace elements, lanthanides and actinides, form
a colloidal layer during the water washing stage,
which can be readily separated as a by-product.

How does the quality of TiO2 produced
compare with the output of conventional
beneficiation processes?

After acid leaching, the beneficiated particles
left contain more than 95% TiO2, 10% higher
than the current norm.  Removal of iron,
alumina, magnesium and calcium is much
improved.  Improved leaching may reduce
concentrations of iron, alkaline earth and
alumina to less than 1 mol% (concentration in
moles per cent), offering a much higher grade
of synthetic rutile than it is possible to achieve
with current industrial processes.

The technology is expected to be exploited
through the industrial sponsor, Millennium
Inorganic Chemicals.

‘The titanium dioxide
we produce is of
extremely high grade,
ready for chlorination
at a much lower cost
than is currently
possible in the industry.’


