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(57) Abstract

The continuous leaching of treated titaniferous ores with a

Icohol solutions. In particular, the invention forms a part of 5

process for the benefication of titaniferous ores to produce a product high in titanium dioxide, and low in other metal oxides, |
which is suitable for use as a pigment, or is suitable for the subsequent production by chlorination of titanium dioxide pigments, }

or for the production of titanium metal.
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"CONTINUOUS LEACHING OF TREATED TITANIFEROUS ORES WITH
ALCOHOL SOLUTIONS"

THIS INVENTION relates to the continuous leaching of
treated titaniferous ores with alcohol solutions. In
particular, the invention forms a part of a process for the
beneficiation of titaniferous ores to produce a product
high in titanium dioxide, and low in other metal oxides,
which is suitable for use as a pigment, or is suitable for
the subsequent production by chlorination of titanium
dioxide pigments, or for the production of titanium metal.

Several methods exist to produce a product high in titanium '
dioxide suitable for such uses. However, these existing
methods generally rely on a specific feedstock which, in
most cases, is -itself of a high titanium dioxide level
(such as the mineral ‘“rutile"). The present invention
relates to the production of the same product but from a
relatively low grade feedstock (such as the mineral
"ilmenite").

One of the first processes developed during the 1960’s and
1970's to upgrade ilmenite to a product containing 95 to
96% titanium dioxide was the Murso process, the subject of
United Kingdom Patent 1225826. The purity of the product
(which came to be known as "synthetic rutile") together
with its particle size and chlorination characteristics was
such that it could successfully substitute for natural
rutile in its conventional uses. Furthermore, initial-
tests using the Murso process indicated that it could be
applied successfully to all commercial ilmenites whether
they be in the form of beach sands or rock deposits.

Commercial grades of ilmenite generally contain about 46 to
65% titanium dioxide combined with 30 to 45% iron oxides.
In upgrading ilmenite, iron oxides (and oxides of manganese
and magnesium which substitute for iron oxides in the
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ilmenite lattice) have to be removed if the required
quality is to be obtained. The Murso process achieves this
desired quality in six major steps:

. Oxidation

Reduction

Leaching of the reduced product
. Solid-liquid separation

Drying ~ Calcination

L S SR

Recovery and recycling of hydrochloric acid from
ferrous chloride liquors.

The breakthrough of the Murso process was gene;ally in the
use of the initial oxidation and reduction steps.
Referring firstly to the oxidation step, titaniferous ores
such as ilmenite contain a mixture of ferrous and ferric
oxide. 'Thus,vthe oxidation stage heats the material in a
fluid bed or rotary kiln in the presence of excess
atmospheric air. This treatment was required to ensure
that all the ferrous oxide was converted to the ferric
oxide form. There is then a crystal structure change that
is beneficial to the following reduction stage.

During the reduction stage the oxidised ore is reduced
using either a solid or gaseous reducing agent to convert
the ferric iron to the ferrous stage without continuing to
the formation of metallic iron. This conversion reaction
makes the ore more amenable to the following leaching
process which utilises hydrochloric acid.

In the reduced state, the ore is preferably leached using a
hydrochloric acid solution. However, various improvements
to the Murso process have resulted in (amongst other
things) the addition to the leachate of metal chlorides,
such as ferrous chloride, to facilitate the leach process.
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At the completion of the 1leach cycle the solids are
filtered from the spent acid liquors and are washed with
water and refiltered to remove the excess water. The final
step of recovering hydrochloric acid from ferrous chloride
liquors is then undertaken to produce fresh hydrochloric
acid which is recycled to the leach step, together with
solid iron oxide which may be used as a feed material in
the iron industry.

The Murso process, together with the various variations
thereon, has not been successfully commercialised on a
large scale. This is due mainly to the poor economics of
the process as a result of significant difficulties with
the leaching step and the acid regeneration stage.
Accordingly, an aim of the present invention is to
overcome, or at least partly alleviate, some of the
difficulties with the leaching step. In this respect, a
further solution to these problems has been described in
our copending application titled "Continuous Leaching of
Treated Titaniferous Ores With Inter-Stage Evaporation®,
while difficulties that are also encountered in the acid
regeneration stage, which themselves contribute to the poor
economics of the original process, are -described in a
further copending application titled "Acid Washing of
‘Leached Solids from the Beneficiation of Titaniferous
Ores".

The present invention provides a process for the continuous
leaching of treatéd titaniferous ores, said process
comprising subjecting a treated titaniferous ore to an acid
leach wherein an alcohol species is added to the leachate.

In particular, the present invention 'provides a process
comprising subjecting synthetic ilmenite to an acid leach,
the synthetic ilmeniteé having been produced by oxidising
substantially all iron values associated with titanium in a
titaniferous ore to the ferric state and by then reducing
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substantially all of the iron values to the ferrous state,
wherein an alcohol species is added to the leachate.

The addition of the alcohol species allows for lower
temperatures to be used during leaching due to the leach
operating at a 1lower boiling point. For example} if
ethanol 1is substituted for the water component in the
leach, the boiling point will be about 94°C compared with a
20% hydrochloric acid/water mixture which boils at 108°C.
Furthermore, a wider choice of plastic materials may be
used in equipment construction.

While ethanol 1is here used as an example of a suitable
acid, and indeed ethanol is the preferred alcohol, other
alcohols such as methanol and ethylene glycol may be used.
Ethanol is the preferred alcohol as it has been found to be
particularly effective in  lowering the reaction
temperature. '

Further still, the use of an alcohol/acid solution allows
for the economic multiple re-crystallisation of the ferrous
chloride liquors to produce an iron oxide product after
acid regeneration that is of sufficient high purity as to
possibly command a market premium.

The addition of an alcohol species is most preferably used
in conjunction with the wuse of small inter-stage
evaporators located between the leach stages. The
combination of the alcohol species and the inter—stage
evaporators assists in providing an optimum balance between
acid strength and ion concentration over several stages of
leaching with only the water component produced by the
reaction being removed. The use of more than one
evaporator and only removing a small portion of the water
at each stage is also the most energy efficient method of
evaporation.
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The purpose of the leaching in the overall process is to
dissolve selectively iron and other metal oxides from the
ilmenite lattice with a minimum loss of titanium values.
However, some titanium does go into solution and a certain
amount of it is subsequently precipitated from the solution
as a fine material. Thus, the main factors which affect
the rate of leaching, production of fines, titanium
dissolution and its hydrolysis are acid concentration,
mixing velocity and leaching temperature. Both high acid
concentration and high temperature favour higher rate of
leaching. However, other factors such as titanium loss in ’
solution, reduction of fines, materials of construction for
leaching vessels, and economic recovery of hydrochloric
acid influence the choice of acid strength, temperature of
leaching and the method of mixing.

With this in mind, the original Murso process found the
optimum conditions for leaching to be 20% hydrochloric acid
and a temperature of 108 to 110°C at atmospheric pressure
in a fluid bed contactor. Subsequent variations to the
Murso process discuss the merits of using a leachate with
an increased chloride ion concentration over a hydrochloric
acid solution but fail to describe a mechanism for
maintaining constant chloride concentrations in a
continuous operation. '

As it is also preferable to maintain the acid concentratioﬁ
at a maximum during the leach cycle to prevent the
formation of fine material and to maintain a high rate of
iron dissolution, the substitution of the water component
with an alcohol species and the removal of water produced
during the reaction, Dby the preferred use of the inter—
stage evaporators, assists in maintaining the high level of
chloride ion concentration even towards the completion of
the leach cycle when most of the acid has been depleted.
In this respect, weak acid solutions extend the leach
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period and promote the formation of fine material, both of
‘which are undesirable.

A further advantage of maintaining a high level of chloride
ion concentration in the leach 1liquor is gained in the
improved energy efficiency of the acid regeneration stage
where a lower concentration of water requires less enerqgy
in the evaporation stages.

The present invention will now be more specifically
described in relation to a preferred embodiment. However,
it will be understood that the generality of the invention
as described above is not to be limited by the following
description. To assist in this description, reference
should be,made to the flow diagrams of Figures 1 and 2.

A low grade titaniferous ore such as ilmenite containing a
mixture of ferrous and ferric oxide is subjected to
temperatures in the order of 850 to 1000°C in the presence‘
of excess air in a fluid bed or rotary kiln (oxidation
reactor 10) for periods of one or more hours.
Substantially all of the ferrous oxide is converted to the
ferric oxide form and the ilmenite undergoes a crystal
structure change that is beneficial to the following
reduction stage. '

The oxidised ore is then reduced (at reduction reactor 12)
using either a solid reducing agent such as carbon or a
gaseous reducing agent such as carbon monoxide, hydrocarbon
gases, hydrogen or mixtures of these, to convert the ferric
iron to the ferrous state without continuing to the
formation of metallic iron. Conversion of the oxidised
product to the synthetic ilmenite is relatively rapid and
efficient when carried out by hydrogen at 850 to 900°C.
The reduction step makes the synthetic ilmenite more
amenable to the leaching process to be conducted with
hydrochloric acid.
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The synthetic ilmenite is then preferably leached in a
counter current fluid bed system (indicated at 14 in Figure
1 and in detail in Figure 2) using a 15 to 20% hydrochloric
acid solution containing 15 to 25% ferrous chloride at
temperatures between 90 and 110°C. This solution is made
up by a combination of the fresh acid 16, the alcohol
containing acid 18 and the ferrous chloride solution 20,
and enters the system primarily through the acid wash 24.

An alcohol species is added to allow for lower temperatures ,
to be used during leaching and to enhance .the process '
economics as less energy is required to achieve the
required chloride balance throughout the leach cycle. The
alcohol species, preferably ethanol, is added to the fresh
31% hydrochloric acid 18 as a dilutant to form the 20%
hydrochloric acid solution required.

Furthermore, the alcohol species added 1is preferably
substantially removed from the leachate by evaporation
prior to the leachate being processed in the following acid
regeneration stage. 1In this preferred form, allowance is
made for a leachate nearly saturated in ferrous chloride to
be regenerated again.

Two small inter-stage evaporators 22 are also preferably
located between various leaching stages to assist in
maintaining an optimum balance between acid strength and
ion concentration and to thus give an improvement in leach.
kinetics. The removal of water in this way is also
advantageous in later stages of the process due to a lower
amount of energy being needed to. evaporate the remaining
water. However, it will be appreciated that the use of the
inter-stage evaporators is not essential for this
invention.
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Vacuum flash evaporators are preferably used to'ensure an
acceptable efficiency of separation of water and acid
between leaching stages. These evaporators and their
associated condensers enable 14% acid to be evaporated to
16% acid with little loss of acid to the condensate. The
size of the evaporators will of course be dependent upon
plant capacity and solution throughput.

It will also be appreciated that while the number of leach
stages 26 illustrated is five, the actual number required
is governed by the residence time required for complete
dissolution of the iron and other metal oxides. For
example, reaction times have been found to vary from one
hour to six hours, depending on the feedstock, and as such
the number of leach stages needed has varied from three to
eight. Furthermore, the number of evaporators used is
generaliy dependent upon the number of leach stages.

An acid washing stage 24 preferably concludes the leach
cycle and is preferably a counter current acid washing
stage in a vessel similar to the leach vessels 26. As the
fresh acid used in the acid wash is only marginally diluted
with residual ferrous chloride from the leached solids,vthe
wash acid from this stage advantageously becomes the feed
acid to the leach circuit (via stream 28). It will be
appreciated that this acid wash, and also the acid leach,
may be conducted in any known manner that is appropriate,
using any type of process and apparatus. In particular,
counter—current or co-current operations may be used, or
mechanical agitation or the like may be adapted.

The solids exiting from the acid wash 24 in stream 30 are
then separated from the wash acid by filtration 32 and the
filtrate is returned to the wash acid stage. Thus, the now
semi dried solids are dried 34 at controlled temperatures
up to 400°C either in a fluid bed or rotary kilnm to remove

&
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any contained acid, while the acid vapour is passed through
recovery scrubbers 36.

The calcination process 38 for the dried solids is then -

conducted at 800 to 850°C for a period of 30 to 60 minutes
to stabilise the crystal structure and to remove any final
traces of moisture, iron chloride and hydrochloric acid.
After cooling from the calcination stage the solid material
can be passed through a magnétic field 40 to remove any
incdmpletely leached material or any other magnetic
material not effected by the acid leach. The non magnetic
fraction is recovered as the synthetic ilmenite product.

Those skilled in the art will appreciate that there may be
many variations and modifications of the pfocesses
described herein which are within the scope of the present
invention.
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CLAIMS

1. A process for the continuous leaching of treated
titaniferous ores, said process comprising subjecting a
treated titaniferous ore to an acid leach wherein an
alcohol species is added to the leachate.

2. A process according to claim 1 wherein the alcohol
species is selected from the group of ethanol, metanol and
ethylene glycol.

3. A process' according to claim 1 or claim 2 including
the use of small inter-stage evaporators between leach
stages.

4. A process for the continuous leaching of treated

titaniferous ores, said process comprising subjecting
synthetic ilmenite to an acid leach, the synthetic ilmenite
being produced by oxidising substantially all iron values
associated with titanium in a titaniferous ore to the
ferric state and by then reducing substantially all of the
iron values to the ferrous state, wherein an alcohol
species is added to the leachate.

5. A process for the continuous leaching of treated
titaniferous ores, said process comprising oxidising
substantially all iron values associated with titanium in a
titaniferous ore to the ferric state, reducing
substantially all -of the iron values to the ferrous state
to produce synthetic ilmenite, and subjecting the synthetic
ilmenite to an acid leach wherein an alcohol species is
added to the leachate.

6. A process according to claim 1 substantially as herein
described in relation to the accompanying drawings.
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