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Description

[0001] The present invention relates to a process for producing titania from a titaniferous material.
[0002] The term "titaniferous" material is understood herein to mean any titanium-containing material, including by
way of example ores, ore concentrates, and titaniferous slags.
[0003] The present invention relates particularly to the sulfate process for producing titania from a titaniferous material.
[0004] US 3,689,219 discloses a process of precipitating H2TiO3.
[0005] International application WO 2005/038060 (application number PCT/AU2004/001421) in the name of the ap-
plicant describes an invention of a sulfate process made by the applicant.
[0006] In general terms, International application WO 2005/038060 (application number PCT/AU2004/001421) de-
scribes and claims a sulfate process for producing titania from a titaniferous material (such as an iron-containing titani-
ferous material; such as ilmenite - FeTiO3 or FeO.TiO2) of the type which includes the steps of:

(a) leaching solid titaniferous material with a leach solution containing sulfuric acid and forming a process solution
that includes an acidic solution of titanyl sulfate (TiOSO4) and iron sulfate (FeSO4);

(b) separating the process solution and a residual solid phase from the leach step (a);

(c) precipitating titanyl sulfate from the  process solution from step (b);

(d) separating the precipitated titanyl sulfate from the process solution;

(e) treating the precipitated titanyl sulfate and producing a solution containing titanyl sulfate;

(f) hydrolysing the titanyl sulfate in the solution and forming a solid phase containing hydrated titanium oxides and
a liquid phase;

(g) separating the solid phase containing hydrated titanium oxides and the liquid phase; and

(h) calcining the solid phase from step (g) and forming titania.

[0007] In addition, the sulfate process described and claimed in International application WO 2005/038060 (application
number PCT/AU2004/001421) includes a step (i) of removing iron sulfate from the process solution from step (b) and/or
the depleted process solution from step (d).
[0008] The term "hydrated titanium oxides" is understood herein to include, by way of example, compounds that have
the formula TiO2.2H2O and TiO2.H2O.
[0009] In addition, the term "hydrated titanium oxides" is understood herein to include compounds that are described
in technical literature as titanium hydroxide (Ti(OH)4).
[0010] Concentrations of metals mentioned hereinafter are understood herein as being determined by Inductively
Coupled Plasma spectroscopy (ICP) (all metals) or by  titration (in the cases of Ti and Fe - ferrous and ferric).
[0011] The applicant has carried out further research work on the sulfate process described and claimed in International
application WO 2005/038060 (application number PCT/AU2004/001421) since the priority date of 17 October 2003 of
the International application and has identified a number of features that are not disclosed in the International application
that are important, separately and in combination, in order to operate the process effectively.
[0012] International applications WO 2006/105611 (application number PCT/AU2006/000468), WO 2006/105612 (ap-
plication number PCT/AU2006/000469), WO 2006/105613 (application number PCT/AU2006/000470), and WO
2006/105614 (application number PCT/AU2006/000471) in the name of the applicant describe and claim inventions that
relate to a number of these features.
[0013] The present invention is an invention that relates to another of these features.
[0014] The present invention relates to the rheology of the precipitates of titanyl sulfate that form in the titanyl sulfate
precipitation step (c).
[0015] The precipitates tend to form as long needles (typically having an aspect ratio of 100:1, i.e. 100mm long by
1mm wide). The needle-like morphology causes significant rheology problems in the titanyl sulfate precipitation step (c)
and in subsequent handling of the precipitates. By way of example, even quite low solids loadings can result in thick
porridge-like slurries which resist pumping and agitation. Consequently, the titanyl sulfate precipitation step (c) has been
regarded as a potential bottle-neck in the process, with only low solids densities being able to be handled.
[0016] The applicant has found that it is possible to  significantly improve the handling and other properties of the
precipitates by subjecting the precipitates to a shearing action, as described herein, during the course of precipitating
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titanyl sulfate from a slurry or after precipitation has been completed.
[0017] Accordingly, in broad terms, the present invention provides a sulfate process for producing titania from a
titaniferous material (such as an iron-containing titaniferous material such as ilmenite) that includes a step of precipitating
titanyl sulfate from a process solution containing titanyl sulfate produced in the process that is characterised by subjecting
the precipitates to a shearing action during the course of precipitating titanyl sulfate from the process solution or after
precipitation has been completed.
[0018] In other words, in broad terms, the present invention provides a sulfate process for producing titania from a
titaniferous material (such as an iron-containing titaniferous material such as ilmenite) which includes the steps of:

(a) leaching solid titaniferous material with a leach solution containing sulfuric acid and forming a process solution
that includes an acidic solution of titanyl sulfate (TiOSO4) and iron sulfate (FeSO4);
(b) separating the process solution and a residual solid phase from the leach step (a);
(c) precipitating titanyl sulfate from the process solution from step (b), the precipitated titanyl sulfate being in the
form of elongate members with an aspect ratio of less than 100:1;
(d) separating the precipitated titanyl sulfate from the process solution, the precipitated titanyl sulfate being in the
form of elongate members with an aspect ratio of less than 100:1;
(e) treating the precipitated titanyl sulfate and producing a solution containing titanyl sulfate;
(f) hydrolysing the titanyl sulfate in the solution and forming a solid phase containing hydrated titanium oxides and
a liquid phase;
(g) separating the solid phase containing hydrated titanium oxides and the liquid phase; and
(h) calcining the solid phase from step (g) and forming titania; and

wherein the titanyl sulfate precipitation step (c) includes subjecting the precipitated titanyl sulfate to a shearing action
during the course of precipitating titanyl sulfate from the process solution or after precipitation has been completed.
[0019] The term "shearing action" is understood herein to mean a mechanical process or action which directly or
indirectly causes breakage or attritioning of particles or limits the growth of particles.
[0020] One embodiment of the present invention imparts the shearing action during precipitation of the titanyl sulfate
from the process solution.
[0021] In this embodiment such shearing action is imparted by means of one or more attritioning agitators operating
at sufficient revolutions per minute to impart shear. A Smith-type turbine design operating with a tip speed 3-5 m/s is
one example of a suitable high shear agitator.
[0022] The shearing action may be imparted for a part of or the whole of the time period in which there is  precipitation
of the titanyl sulfate from the process solution.
[0023] The intensity of the shearing action may be varied during the time period in which there is precipitation of the
titanyl sulfate from the process solution.
[0024] Another embodiment of the present invention imparts the shearing action to the precipitated titanyl sulfate after
the precipitation is complete.
[0025] The shearing action may be achieved by subjecting the precipitated titanyl sulfate to high shear conditions
using a high shear mixer or attritioning agitator, for example a stirred-tank reactor equipped with a Smith-type turbine
operating with a tip speed exceeding 3 m/s.
[0026] The shearing action may also be imparted to the precipitated titanyl sulfate by passing the precipitated titanyl
sulfate though a pump which imparts shear, for example a centrifugal pump equipped with a rotor which imparts shear
upon the slurry during pumping.
[0027] The shearing action may also be imparted to the precipitated titanyl sulfate by passing the precipitated titanyl
sulfate, for example by means of a pump, through a device which imparts shear to the precipitated titanyl sulfate upon
passing through the device, for example a choke.
[0028] Preferably the titanyl precipitation step (c) is carried out at a temperature of at least 90°C.
[0029] Preferably the titanyl precipitation step (c) is carried out at a temperature of less than 140°C.
[0030] It is preferred particularly that the titanyl precipitation step (c) be carried out at a temperature in a range of
100-120°C.
[0031] Preferably the titanyl precipitation step (c) produces a pumpable slurry of the precipitated titanyl sulfate in the
process solution and the solids loading in the slurry is at least 5% by weight of the total weight of the slurry.
[0032] The term "pumpable slurry" is understood herein to mean that the slurry can be pumped using standard materials
handling slurry pumps and can be filtered with conventional pressure filtration equipment. By way of context, whilst
precipitates with aspect ratios of at least 100:1 that form without shearing in accordance with the present invention can
be formed in slurries having solids loadings of at least 5% by weight, the slurries can not be pumped or filtered effectively.
[0033] More preferably the solids loading of the pumpable slurry is at least 7% by weight.
[0034] It is preferred particularly that the solids loading of the pumpable slurry be at least 9% by weight.
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[0035] The titanyl precipitation step (c) produces a sulfuric acid containing solution and the process may include using
the solution in leach step (a).
[0036] Preferably the process includes supplying the separated process solution from step (d) and/or the separated
liquid phase from step (g) to leach step (a).
[0037] According to the present invention there is also provided a sulfate process for producing titania from a titaniferous
material (such as an iron-containing titaniferous material such as ilmenite) that includes a step of precipitating titanyl
sulfate from a process solution containing titanyl sulfate produced in the process that is characterised by subjecting the
precipitates to a shearing action during the course of precipitating titanyl sulfate from the process solution or after
precipitation has been completed, the precipitated titanyl sulfate being in the form of elongate members with an aspect
ratio of less than 100:1.
[0038] According to the present invention there is also provided a titanyl sulfate product produced in step (c) of the
above-described process, which product is in the form of precipitated titanyl sulfate that has been subjected to a shearing
action during the course of precipitation of titanyl sulfate from a process solution or after precipitation has been completed,
the product being in the form of elongate members with an aspect ratio of less than 100:1, the aspect ratio being a ratio
of length to width.
[0039] Preferably the elongate members have an aspect ratio of less than 70:1.
[0040] More preferably the elongate members have an aspect ratio of less than 50:1.
[0041] It is preferred particularly that the elongate members have an aspect ratio in a range of 25:1 to 30:1.
[0042] The process of the present invention includes the following typical reactions.

Leaching:

FeTiO3 + 2H2SO4 → FeSO4 + TiOSO4 + 2H2O

Ferric reduction:

Fe2(SO4)3 + Fe° → 3FeSO4

Ferrous sulfate crystallisation:

Fe2(SO4)3 + SO2 + 2H2O → 2FeSO4 + 2H2SO4

FeSO4 + 7H2O → FeSO4.7H2O

Titanyl sulfate precipitation:

TiOSO4 + 2H2O → TiOSO4.2H2O

Hydrolysis:

TiOSO4 + 2H2O → TiO (OH)2 + H2SO4

Calcination:

TiO (OH)2 → TiO2 + H2O

[0043] The applicant has carried out experimental work on a laboratory scale and a pilot plant scale in relation to the
above-described process.
[0044] The sulfate process of the present invention is now described further by way of example only with reference
to the accompanying drawings of which:

Figure 1 is a flow sheet of one embodiment of the sulfate process of the present invention,

Figure 2 is a plot of yield stress versus solids loading for sheared and un-sheared samples produced in Example 2;

Figure 3 is a plot of the particle size distribution for sheared and un-sheared samples produced in Example 2;

Figure 4 is a plot of shear stress versus shear rate for samples produced in Example 3.
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[0045] The flowsheet shown in Figure 1 includes the following main steps:

(a) leach;

(b) ferric ion reduction;

(c) ferrous sulfate ("copperas") crystallisation;

(d) titanyl sulfate crystallisation;

(e) titanium dissolution;

(f) hydrolysis for pigment;

(g) bleaching;

(h) calcination; and

(i) finishing.

[0046] Each of the above steps (a) to (i) is described hereinafter in turn.
[0047] The following description is in the context of producing titania from a titaniferous material in the form of ilmenite.
The present invention is not limited to this titaniferous material.
[0048] With reference to the flowsheet of Figure 1, dry ilmenite from a storage area is pre-treated in a pre-treatment
step 1, such as the ilmenite pre-treatment process described and claimed in International application WO 2005/090619
(application number PCT/AU2005/000387) in the name of the applicant. Alternatively the ilmenite may be pretreated by
a conventional process such as grinding.

(a) Leach Step

[0049] The pre-treated ilmenite is then supplied to the leach step.
[0050] The leach step includes two leach stages carried out in separate tanks 3, 5.
[0051] Each leach stage is carried out in a single tank 3, 5 as indicated in the flowsheet or in multiple tanks (not shown)
arranged in series.
[0052] The leach stages may be co-current as shown in the flowsheet or counter-current.
[0053] The following sources of acid are added to both leach stages: fresh 98% sulfuric acid, filtrate containing 35-50%
sulfuric acid from downstream steps in the process, and recovered acid containing 20-30% sulfuric acid from downstream
steps in the process.
[0054] The leach tanks 3, 5 are simple stirred tanks. Fibre-reinforced plastic (FRP) is suitable for wetted parts. Other
suitable materials are acid bricks and tiles.
[0055] The leach slurry discharged from the tank 3 is supplied to a filter 7 and washed with water. The filtrate from the
filter 7, preferably a pressure filter, forms a process solution and is supplied via a line 9 to a ferric ion reduction step 17
described hereinafter. The filter cake from the filter 7 is supplied to the leach tank 5 and is leached in the tank. The leach
slurry discharged from the tank 5 is supplied to a filter 13 and washed with water. The filtrate from the filter 13, preferably
a pressure filter, forms a process solution and is supplied via a line 15 to the reduction step 17. The filter cake from the
filter 13 is neutralised with lime and is disposed of as a waste product.
[0056] The process conditions in the leach step are controlled to give process solutions of about 40 g/L Ti, 90-100 g/L
Fe and 400-450 g/L acid in lines 9 and 15. These are the preferred concentrations of Fe and Ti which avoid ferrous
sulfate or titanyl sulfate precipitating out prematurely.
[0057] Leaching is about 50-60% in the first stage rising to about 80% overall by the end of the second  stage. Higher
extractions are feasible with further leaching.
[0058] Low acidity in the leach stages can cause the premature hydrolysis and precipitation of TiO(OH)2. Typically
this becomes significant below about 425 g/L H2SO4. Above 450 g/L H2SO4 it is likewise possible to prematurely crystallise
out titanyl sulfate dihydrate TiOSO4.2H2O.

(b) Ferric Ion Reduction Step

[0059] The purpose of the ferric ion reduction step 17 is to remove ferric ions from the process solution supplied from
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the leach step before the titanyl sulfate precipitation step.
[0060] The applicant has found that ferric ions precipitate and tend to be carried forward with the titanyl sulfate precipitate
intermediate to subsequent steps of the process and has an adverse affect on these process steps and on ultimate
product quality. Hence, in view of the co-precipitation of ferric ions and titanyl sulfate, it is desirable to remove ferric ions
prior to the titanyl sulfate precipitation step.
[0061] Ferric ion reduction is achieved by treating the process solution for the leach step with a suitable reductant,
such as any one or more of Ti3+ ions, SO2 gas, H2 gas, Zn dust, Al dust and scrap iron, and converting the ferric ions
to ferrous ions.
[0062] The applicant has carried out experimental work that has established that SO2 gas and scrap iron can reduce
ferric ions to ferrous ions in process solutions containing titanyl sulfate produced by leaching ilmenite with sulfuric acid.
[0063] Specifically, experimental work established that:

• Ferric ions can be reduced to ferrous ions with SO2.

• Activated carbon is an effective catalyst to increase the reaction rate.

• The activated carbon can be added directly to a process solution, similar to the Carbon in Pulp process used in gold
recovery, or can be contained in a column through which the process solution passes if the process solution does
not contain a significant amount of solids.

• The acid concentration in the process solution increases with SO2 reduction of ferric ions.

• The acid produced by the SO2 reduction of ferric ions can be used in leaching of ilmenite.

• Ferric ions can be reduced to ferrous ions and Ti4+ can be reduced to Ti3+ with metallic iron, such as in the form of
scrap iron.

• The iron in solution increases by about 30g/l and the acid decreases by 60g/l, when metallic iron in the form of scrap
iron is used.

[0064] The experimental work also included experiments to optimise reduction with SO2 and scrap iron by varying the
initial chemistry and temperature conditions. For the SO2 system, gas dispersion and adsorption rates and the reaction
rates in the activated carbon column were studied. For the scrap iron system, the effects of temperature, acid concen-
tration, and flow rate were studied.
[0065] The applicant believes at this stage that a preferred process option for a process solution from the leach step
includes using SO2 to reduce the majority of the ferric ions in a process solution to ferrous ions and thereafter, if required,
using iron such as in the form of scrap iron to reduce remaining ferric ions and to give about 0-1 g/L Fe3+ in solution.
[0066] More specifically, the preferred process option includes the of dispersing SO2 into the process solution to load
the process solution with a stoichiometric amount of SO2 for reaction with ferric ions and reducing ferric ions to ferrous
ions, passing the solution through an activated carbon column, nitrogen or air sparging the solution to remove any
unreacted SO2, and if necessary contacting the solution with scrap iron to reduce any remaining ferric ions.
[0067] The solution from the sparger may require cooling to below 50°C to prevent passivation of the scrap iron in the
next stage.
[0068] The scrap iron contact step may include lowering and removing bales of de-tinned scrap iron into and from a
tank containing the solution to control the amount of Fe3+ in solution.
[0069] The ferric removal step could be before the copperas precipitation step discussed below in section (c), which
removes the iron, or after the copperas precipitation step where the extra acid is required for the titanyl sulphate pre-
cipitation step.
[0070] An alternative process option is to include the steps of dispersing SO2 into the process solution as the solution
enters at the base of an activated carbon column, followed by nitrogen or air sparging of the solution to remove any
unreacted SO2. In this process option the solution would contains 0-1g/L Fe3+ and would not be further treated for ferric
reduction.
[0071] The applicant has found that it is advantageous to stop reduction such that almost all the ferric ions have been
reduced to the ferrous state, without generation of any free trivalent titanium. This minimises the coprecipitation of
vanadium with the titanium sulfate intermediate, and undesirable contamination of the resulting titanium solution by
vanadium.
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(c) Ferrous Sulfate Precipitation Step

[0072] Almost all iron in solution eventually leaves the circuit as green crystals of ferrous sulfate, typically ferrous
sulfate heptahydrate (FeSO4.7H2O), in a ferrous sulfate, i.e. copperas, crystallization step 19.
[0073] Significant water is also rejected from the process in the ferrous sulfate. This allows recovery and recycling of
medium strength acid from the downstream hydrolysis step 31, leading to a much lower overall acid consumption per
tonne of TiO2 product.
[0074] In the ferrous sulfate precipitation step 19, the process solution from the ferric reduction step 17 is cooled to
about 20°C in a tank. This causes ferrous sulfate to precipitate out in the tank. The cooled process solution at this stage
contains about 40 g/L Fe and 55 g/L Ti. The titanium ion concentration rises due to the lower volume of the cooled
process solution.
[0075] Removal of water by evaporation during or after the ferrous sulfate precipitation step 19 may be included to
give a further water credit, allowing recovery of more  weak acid.
[0076] The precipitated ferrous sulfate may be separated from the process solution by a conventional centrifuge or
by a belt filter.
[0077] The ferrous sulfate may be sold directly or converted to another saleable product.
[0078] Although 40 g/L Fe (as ferrous) remain in solution, the iron is recirculated through the process flowsheet and
eventually returns to the ferrous sulfate precipitation step 19. The ferrous sulfate crystals therefore are essentially the
only point of exit for iron from the circuit.
[0079] Mn, Al and Mg are minor elements which exit the circuit primarily with the ferrous sulfate crystals.

(d) Titanyl Sulfate Precipitation Step

[0080] In the titanyl sulfate precipitation step, generally identified by the numeral 21, fresh 98% sulfuric acid is added
to the process solution from the ferrous sulfate precipitation step 19.
[0081] The process conditions cause titanium to precipitate out of the process solution as titanyl sulfate dihydrate,
TiOSO4.2H2O, and to form a slurry in accordance with the following reaction:

TiOSO4 + 2H2O → TiOSO4.2H2O

[0082] The actual mechanism of precipitation is not clear.
[0083] The preferred operating temperature in the  titanyl sulfate precipitation step is 110°C.
[0084] Precipitation is slower at less than 90°C.
[0085] Precipitation is self seeding in a continuous process - the kinetics of precipitation is accelerated by the presence
of the product crystals. For batch operation, seed crystals may be provided, for example by retaining a small portion of
slurry from a previous batch.
[0086] During the course of or after precipitation of titanyl sulfate has been completed, the slurry is agitated to subject
the precipitates to a shearing action that breaks down the needle-like precipitates that tend to form into less elongate
members. The applicant has found that the precipitates formed by the shearing action have significantly improved
handling properties both during the course of the precipitation step and in downstream processing of the precipitated
titanyl sulfate. One consequence of the improved handling properties is that it is possible to operate the precipitation
step at significantly higher solids densities. This is important in terms of production rates in the process. Typically, the
aspect ratio of the length to the width of the precipitates is less than 70:1, preferably less than 50:1. The precipitates
that form without shearing can have aspect ratios exceeding 100:1.
[0087] Operating an agitator which imparts significant shear while the precipitates are forming has the dual effects of
preventing smaller precipitates growing into longer precipitates and breaking down longer precipitates that may have
formed.
[0088] To keep the slurry in a fluid state a recycle of filtrate may be used.
[0089] Alternatively, the fluidity of the slurry may be increased by increasing the extent of shearing, without recycling
filtrate.
[0090] The solids in the slurry that is discharged from the precipitation tank or tanks are separated from the slurry by
a filter 23, preferably a pressure filter, which forms a filter cake and a filtrate. The solids in the filter cake on the filter 23
are washed by recycled acid supplied from the hydrolysis step via a line 11 as this improves purity of the high strength
Ti solution going to hydrolysis. A carefully controlled water wash is used to displace an optimal amount of the remaining
acid in the filter cake on the filter 23. Reducing the acid concentration to below 200 g/L destabilises the solids, leading
to ultimate dissolution of the solids. Cake squeezing and/or air blowing is then used to control the moisture content of
the cake.
[0091] The filtrate from the filter 23 contains about 35-50% H2SO4, 5 g/L Ti and 40 g/L Fe. Some may be recycled if
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necessary to the titanyl sulfate precipitation stage tank 21 via line 75. The rest is sent to the leach stages 3, 5 via lines 25.
[0092] The applicant has carried out experimental work to investigate the effect of shearing titanyl sulfate precipitates
and the experimental work is described later in the specification under the heading "Examples".

(e) Titanium Dissolution Step

[0093] The water washed filter cake discharged from the filter 23 is added to a stirred tank 35. Over a period of about
2 hours at 50-60°C the cake dissolves into a high strength Ti titanyl sulfate solution. Lower temperatures can also be
used, although the dissolution time may be  longer than 2 hours.
[0094] The target Ti concentration is at least 200 g/L Ti (as TriO2). The applicant has achieved Ti concentrations
considerably exceeding 300 g/L Ti (as TiO2) in laboratory and pilot plant work.
[0095] Moreover, in experimental work that included ferric ion control, as described above, the applicant achieved
concentrations of less than 5 g/L Fe in the filter cake.
[0096] The dissolution process preferably requires less than 100 g/L acid in the solution contained within the filter
cake to ensure that the process goes to completion. If most or all acid is washed out the free acid content of the high
strength solution can be quite low.
[0097] The high strength solution produced in the stirred tank 35 is filtered through a filter cartridge (not shown) to
remove siliceous and other fine particulate matter.
[0098] Unlike normal metal sulfates, the TiOSO4.2H2O in the filter cake does not immediately dissolve in water. Also,
its solubility in greater than 20% H2SO4 is quite low. This suggests the dissolution process is not strictly dissolution. The
remarkable solubility of Ti at low acidity (>200 g/L Ti) compared to in 20% H2SO4 (~5 g/L Ti) favours this view.

(f) Hydrolysis Step

[0099] The high strength Ti titanyl sulfate process solution produced in the stirred tank 35 is suitable for all conventional
pigment hydrolysis processes.
[0100] It also may be used for continuous or batch precipitation of coarse high purity TiO(OH)2.
[0101] The pigment hydrolysis processes are typically batch processes due to critical need to control particle size.
[0102] The process solution is pre-treated prior to the hydrolysis step 31 to generate about 2 g/L of Ti3+ in the solution
by conventional means. The Ti3+ protects against oxidation of any iron to Fe3+, which otherwise co-precipitates with the
Ti and imparts undesirable colour to the pigment.
[0103] The process solution is adjusted with acid to an A/T ratio suitable for pigment hydrolysis, using either concen-
trated H2SO4 or preferably hydrolysis filtrate.
[0104] The A/T ratio is a key process parameter. The A/T ratio is defined as: 

[0105] All parameters are expressed in g/L.
[0106] In practice the [Free acid + bound acid in TiOSO4] concentration is measured by a simple titration to pH 7 with
sodium hydroxide solution, and the [TiO2] g/L is Ti g/L 4 0.6.
[0107] Typically, the pigment industry prefers to operate hydrolysis with an A/T ratio in the range of 1.5:1 to 2.5:1,
more preferably a ratio of 1.75:1, in order to produce a required particle size range for the pigment industry.
[0108] The hydrolysis step 31 is carried out by  preheating a heel of water, typically 10-30% of the volume of feed
solution, to about 96°C.
[0109] The process solution is also preheated to about 96°C and then is pumped across to the batch hydrolysis tank
over a fixed time period.
[0110] The hydrolysis tank is equipped with steam heating and a gate type rake stirrer, which operates at low rpm.
Preferably the steam heating is indirect so that the filtrate is not diluted by condensate.
[0111] The initial few seconds of pumping cause the precipitation of very fine TiO(OH)2 particles, which cause a milky
aspect for about 30 seconds, then appear to redissolve. In practice the fine particles are colloidal nuclei which control
the size of both the resulting precipitate and the crystal size in the calciner discharge. Control of this step is therefore
key to preparing good pigment.
[0112] After all process solution is pumped across or dropped in from a header tank, the slurry temperature is carefully
heated to the boiling point (typically at 1°C/minute).
[0113] The slurry is then boiled for about 5 hours, by which time the Ti remaining in solution has been lowered to about
5 g/L.
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[0114] The slurry in the hydrolysis tank is then filtered on a filter 37, preferably a pressure filter, to produce a TiO(OH)2
filter cake and a filtrate.
[0115] There are no special requirements for filtration as the particle size has already been established. A range of
filters are used across the industry. The  particles naturally flocculate together and the filtration rate is fast enough that
vacuum filtration may be used. The filter cake contains about 55% w/w of water.
[0116] The filtrate from the filter 37 contains 350-450 g/L H2SO4. This is returned via a line 11 to the filter 23 downstream
of the titanyl sulfate precipitation tank 21.

(g) Bleaching Step

[0117] The TiO(OH)2 filter cake that is discharged from the filter 37 is re-pulped with acid in a bleaching step 43.
[0118] A solution containing trivalent titanium (Ti3+) is added to reductively leach out chromophores such as Fe, Cr,
Mn and V, which otherwise would reduce the whiteness of the final pigment.
[0119] The bleaching step 43 typically takes place at 70-80°C. Rutile seed is added at this point
[0120] The bleached slurry is filtered and washed in a filter 45, preferably a pressure filter.

(h) Calcination Step

[0121] The TiO(OH)2 filter cake from the bleaching step 43 is mixed with a number of additives in a dopant addition
step 73 and is then dried and calcined in a calciner 69.
[0122] The additives may be added as aqueous solutions or as solids.. The additives may include 0.2% K2O as K2SO4,
0.6% ZnO as ZnSO4 and 0.3% P2O5 as H3PO4.
[0123] The additives control development of the rutile  crystals during calcination, such that the crystal size is 0.27 6
0.03mm, rutilisation is 98.5 6 0.5%, the crystals have a lenticular shape and are not sintered together.
[0124] The product produced in the calciner 69 is then transported to downstream customers.
[0125] Examples - Titanyl Sulfate Precipitation.
[0126] As indicated above in section (d), the applicant has carried out experimental work on titanyl sulfate precipitation
involving subjecting precipitated titanyl sulfate to a shearing action during or after the precipitation step. The following
Examples 1 and 2 discuss a part of the experimental work.

Example 1.

[0127] Equipment:

• 4 litre capacity glass reaction vessel; dimensions: ID = 160 mm, depth = 200 mm

• Agitation: titanium shearing agitator (Smith turbine type); diameter = 80 mm; height from bottom (approx) = 50 to
60 mm; RPM: 400-1000.

Feed:

[0128]

• H2SO4, 98%, 510.6 g (277.5 ml)

• Seed 2 g

• Feed solution 3274.3 g (2222.5 ml) containing 20-60 g/L titanium, 20-50 g/L iron in a 550-650 g/L sulfuric acid matrix.

• Total feed: 3786.9 g

Reaction Procedure:

[0129]

• Charge the reaction vessel with the feed solution.

• Start stirring the vessel with a shearing action with the titanium shearing agitator and add sulfuric acid to the reaction
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vessel.

• Draw the initial sample for analysis.

• Start hot plate and set the reaction temperature set point to 110°C. At 110°C add the titanium sulfate seed.

• React for 4-6 hours.

• On completion of the reaction, draw sample and determine both the size distribution of the precipitates and the
solids loading and then transfer the slurry into another container.

[0130] Another volume of the feed solution was tested in the vessel under the same conditions to those described
above, save that the feed solution was not agitated with a shearing action.
[0131] The titanyl sulfate precipitates produced in both experiments were needle-like.
[0132] In addition, the precipitates that were produced under agitated conditions involving a shearing action had aspect
ratios predominantly in the range of 25:1 to 30:1 and the precipitates that were produced without agitation involving a
shearing action had aspect ratios as high as in the range of 100:1 to 150:1. These results show that shearing agitation
was effective in preventing growth of the precipitates.
[0133] The above experiments also showed that solids loadings of 9% in the resultant slurries produced in the vessel
could be achieved for the precipitates produced with agitation involving a shearing action and that these  slurries could
be pumped and filtered using standard equipment.

Example 2.

[0134] Details of experimental work:

Equipment: As for Example 1 but with an agitator diameter of 76 mm.

Feed: As for Example 1.

Reaction Procedure: As for Example 1, except for the following changes:

• Reaction for 6 hours.
• On completion of the reaction, draw sample and determine the size distribution, the solids loading, and assess

the rheology of the precipitates and then transfer the slurry into another container.

[0135] Another volume of the feed solution was tested in a second set of tests in the vessel under the same conditions
to those described above, save that the feed solution was not agitated with a shearing action.
[0136] The key difference between the two tests was that in one case, i.e. the tests described in the preceding paragraph,
there was just normal agitation, using a pitched blade (non-shearing impellor) and in the other set of tests a high shear
Smith impellor was used at a tip speed of ~ 2.8 m/s for the duration of the 6 hour reaction.
[0137] After the slurry was made in these 2 ways, each product slurry was split into several samples. Each of these
had its solids loading varied for rheology testing. Where an increase in solids loading was desired, the  product slurry
was filtered to extract filtrate, and where a decrease in solids loading was desired, filtrate was added to the product
slurry. (The diluent filtrate was obtained by filtration of the stock slurry).
[0138] All solids loading adjusted slurries had their rheology assessed at 60°C.
[0139] Replicates of a random dilution/filtration were assessed to obtain information about experimental errors. The
wt% of the replicates differed by up to 0.5wt% for the samples. This error can be due to the inability to prepare an identical
solution or in the measurement itself. The measurement error of the yield stress determined in the rheology testing was
negligible compared to the slurry wt%.
[0140] The rheology of the test slurries was assessed in a RotoVisco RV3 (Haake) viscometer with the MV cup with
either an MV1 or MV2 rotor depending on the fluid. The smaller MV2 rotor was used in preference for fluids with a high
yield stress to ease loading the sample into the gap. Throughout the test the chamber was held at 60°C. The test slurries
were sheared for 10 minutes at 512 rpm in order to mitigate any effects from the time-varying properties of the fluid.
After 10 minutes had lapsed the rotational velocity of the rotor was reduced and speed ranges were selected such that
a range was obtained for each fluid under test. The speeds were selected such that the lower readings were ~10% of
full scale deflection up to the full range or 512 rpm which ever occurred first.
[0141] A particle size analysis was performed on one such test slurry and this confirmed that the shear in the viscometer
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did not affect the particles. Previous work has shown that the best model to describe the product slurry is as a Bingham
model. This was applied to each  fluid to obtain a yield stress and plastic viscosity.
[0142] A particle size distribution was performed for both sheared and un-sheared slurries. This was done by dispersing
ethanol washed titanyl sulfate precipitated solids across a glass microscope slide using ethanol. The ethanol was allowed
to evaporate leaving the particles behind. Particle sizing was done manually with optical microscopy and an image
analysis package (Scion Image).
[0143] The results of the above-described tests are summarised in Figures 2 and 3.
[0144] Figure 2 is a plot of yield stress versus solids loading for sheared and un-sheared samples. The Figure shows
that for a given yield stress (degree of handleability), the un-sheared slurry had a lower solids loading compared to the
sheared slurry. This shows that shearing enables a higher solids loading product to be processed. (For the same yield
stress, a sheared slurry provides 2-3 times the solids loading).
[0145] Figure 3 is a plot of the particle size distribution for sheared and un-sheared samples. The Figure shows that
the shearing action reduced the size of the particles and gives them a tighter size distribution, (more than 90% of the
sheared particles are 30 micron or under and there are none larger than 70 micron). By comparison, un-sheared slurry
particles were larger and have a much wider size distribution. This difference in particle size helps explain the difference
in rheological properties of the slurry evident from Figure 2.
[0146] These results further demonstrate the finding of Example 1 that imparting shear improves the ability to handle
the product slurry.

Example 3

[0147] The ability of the above-mentioned Smith impellor (power number 3.2) to reduce the shear stress of previously
formed titanyl sulfate precipitate produced without a shearing action was evaluated in this Example.
[0148] Re-constituted slurry at a solids loading of - 14 % was used for this test. 10 L of this slurry was placed into a
20 L bucket and exposed to half an hour of shear from a 6 cm Smith turbine at a tip-speed of ~9 m/s. Samples were
taken at 5 minute intervals from the buckets and the shear stress - rate profiles were obtained.
[0149] The results are summarised in the plot of shear stress versus shear rate for as-precipitated and reconstituted
titanyl sulfate under non-shear conditions and subsequently sheared samples tested at 5 minute intervals in Figure 4.
The Figure show that the shear stress of the slurry decreased, (i.e. an improvement in rheology) with increased exposure
to the attritioning of the Smith impellor.
[0150] Many modifications may be made to the process flowsheet described above without departing from the scope
of the present invention.

Claims

1. A sulfate process for producing titania from a titaniferous material (such as an iron-containing titaniferous material;
such as ilmenite) which includes the steps of:

(a) leaching solid titaniferous material with a leach solution containing sulfuric acid and forming a process
solution that includes an acidic solution of titanyl sulfate (TiOSO4) and iron sulfate (FeSO4);
(b) separating the process solution and a residual solid phase from the leach step (a);
(c) precipitating titanyl sulfate from the process solution from step (b), the precipitated titanyl sulfate being in
the form of elongate members with an aspect ratio of less than 100:1;
(d) separating the precipitated titanyl sulfate from the process solution, the precipitated titanyl sulfate being in
the form of elongate members with an aspect ratio of less than 100:1;
(e) treating the precipitated titanyl sulfate and producing a solution containing titanyl sulfate;
(f) hydrolysing the titanyl sulfate in the solution and forming a solid phase containing hydrated titanium oxides
and a liquid phase;
(g) separating the solid phase containing hydrated titanium oxides and the liquid phase; and
(h) calcining the solid phase from step (g) and forming titania; and

wherein the titanyl sulfate precipitation step (c) includes subjecting the precipitated titanyl sulfate to a shearing action
during the course of precipitating titanyl sulfate from the process solution or after precipitation has been completed
the shearing action causing the precipitated titanyl sulphate to be in the form of elongate members with an aspect
ratio of less than 100:1

2. The process defined in claim 1 wherein the titanyl sulfate precipitation step (c) includes subjecting the precipitated
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titanyl sulfate to the shearing action during the course of precipitating titanyl sulfate from the process solution.

3. The process defined in claim 2 wherein the titanyl sulfate precipitation step (c) includes subjecting the precipitated
titanyl sulfate to the shearing action by means of one or more than one high shear agitator operating at sufficient
revolutions per minute to impart shear.

4. The process defined in claim 3 wherein the high shear agitator is a Smith-type turbine design operating with a tip
speed 3-5 m/s.

5. The process defined in any one of claims 2 to 4 wherein the titanyl sulfate precipitation step (c) includes subjecting
the precipitated titanyl sulfate to the shearing action for a part of or the whole of the time period in which there is
precipitation of the titanyl sulfate from the process solution.

6. The process defined in any one of claims 2 to 5 wherein the titanyl sulfate precipitation step (c) includes varying the
intensity of the shearing action during the time period in which there is precipitation of the titanyl sulfate from the
process solution.

7. The process defined in claim 2 wherein the titanyl sulfate precipitation step (C) includes subjecting the precipitated
titanyl sulfate to the shearing action after the precipitation is complete.

8. The process defined in claim 7 wherein the titanyl sulfate precipitation step (c) includes subjecting the precipitated
titanyl sulfate to high shear conditions using a high shear mixer or agitator.

9. The process defined in claim 8 wherein the a high shear mixer or agitator is a stirred-tank reactor equipped with a
Smith-type turbine operating with a tip speed exceeding 3 m/s.

10. The process defined in claim 7 wherein the titanyl sulfate precipitation step (c) includes subjecting the precipitated
titanyl sulfate to the shearing action by passing the precipitated titanyl sulfate though a pump which imparts shear,
for example a centrifugal pump equipped with a rotor which imparts shear upon the slurry during pumping.

11. The process defined in claim 7 wherein the titanyl sulfate precipitation step (c) includes subjecting the precipitated
titanyl sulfate to the shearing action by passing the precipitated titanyl sulfate, for example by means of a pump,
through a device which imparts shear to the precipitated titanyl sulfate upon passing through the device, for example
a choke.

12. The process defined in any one of the preceding claims wherein the titanyl precipitation step (c) is carried out at a
temperature of at least 90°C.

13. The process defined in any one of the preceding claims wherein the titanyl precipitation step (c) produces a pumpable
slurry of the titanyl sulfate precipitates in the process solution and the solids loading in the slurry is at least 5% by
weight of the total weight of the slurry.

14. A sulfate process for producing titania from a titaniferous material (such as an iron-containing titaniferous material
such as ilmenite) that includes a step of precipitating titanyl sulfate from a process solution containing titanyl sulfate
produced in the process that is characterised by subjecting the precipitates to a shearing action during the course
of precipitating titanyl sulfate from the process  solution or after precipitation has been completed, the precipitated
titanyl sulfate being in the form of elongate members with an aspect ratio of less than 100:1.

15. A titanyl sulfate product produced by precipitating titanyl sulfate in the titanyl sulfate precipitation step (c) of the
process defined in any one of the preceding claims, which product is in the form of precipitated titanyl sulfate that
has been subjected to a shearing action during the course of precipitation of titanyl sulfate from a process solution
or after precipitation has been completed, the product being in the form of elongate members with an aspect ratio
of less than 100:1, the aspect ratio being a ratio of length to width.

Patentansprüche

1. Sulfatverfahren zum Erzeugen von Titandioxid aus einem titanhaltigen Material (wie etwa ein Eisen enthaltendes
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titanhaltiges Material; wie etwa Ilmenit), das folgende Schritte umfasst:

(a) Auslaugen von festem titanhaltigen Material mit einer Schwefelsäure enthaltenden Laugelösung und Bilden
einer Prozesslösung, die eine saure Lösung aus Titanylsulfat (TiOSO4) und Eisensulfat (FeSO4) umfasst;
(b) Trennen der Prozesslösung und einer festen Restphase aus dem Auslaugschritt (a);
(c) Ausfällen von Titanylsulfat aus der Prozesslösung aus Schritt (b), wobei das ausgefällte Titanylsulfat die
Form länglicher Elemente mit einem Längenverhältnis von weniger als 100:1 aufweist;
(d) Trennen des ausgefällten Titanylsulfats von der Prozesslösung, wobei das ausgefällte Titanylsulfat die Form
länglicher Elemente mit einem Längenverhältnis von weniger als 100:1 aufweist;
(e) Aufbereiten des ausgefällten Titanylsulfats und Erzeugen einer Titanylsulfat enthaltenden Lösung;
(f) Hydrolysieren des Titanylsulfats in der Lösung und Bilden einer festen Phase, die hydrierte Titanoxide und
eine flüssige Phase enthält;
(g) Trennen der hydrierte Titanoxide enthaltenden festen Phase und der flüssigen Phase; und
(h) Calcinieren der festen Phase aus Schritt (g) und Bilden von Titandioxid; und

wobei der Titanylsulfat-Ausfällungsschritt (c) umfasst, dass das ausgefällte Titanylsulfat während des Verlaufs des
Ausfällens von Titanylsulfat aus der Prozesslösung oder nachdem das Ausfällen abgeschlossen ist, einer Scher-
wirkung unterzogen wird, wobei die Scherwirkung bewirkt, dass das ausgefällte Titanylsulfat die Form von länglichen
Elementen mit einem Längenverhältnis von weniger als 100:1 aufweist.

2. Verfahren nach Anspruch 1, wobei der Titanylsulfat-Ausfällungsschritt (c) umfasst, dass das ausgefällte Titanylsulfat
der Scherwirkung während des Verlaufs des Ausfällens von Titanylsulfat aus der Prozesslösung unterzogen wird.

3. Verfahren nach Anspruch 2, wobei der Titanylsulfat-Ausfällungsschritt (c) umfasst, das das ausgefällte Titanylsulfat
der Scherwirkung mittels eines oder mehrerer Rührwerke mit hoher Scherung unterzogen wird, die mit ausreichend
Umdrehungen pro Minute arbeiten, um Scherung zu übertragen.

4. Verfahren nach Anspruch 3, wobei es sich bei dem Rührwerk mit hoher Scherung um eine Smith-Turbinenkonstruk-
tion handelt, die mit einer Umfangsgeschwindigkeit von 3-5 m/s arbeitet.

5. Verfahren nach einem der Ansprüche 2 bis 4, wobei der Titanylsulfat-Ausfällungsschritt (c) umfasst, das das aus-
gefällte Titanylsulfat der Scherwirkung während eines Teils oder des Ganzen des Zeitraums unterzogen wird, in
dem Ausfällung des Titanylsulfats aus der Prozesslösung stattfindet.

6. Verfahren nach einem der Ansprüche 2 bis 5, wobei der Titanylsulfat-Ausfällungsschritt (c) das Verändern der
Intensität der Scherwirkung während des Zeitraums umfasst, in  dem Ausfällung des Titanylsulfats aus der Prozes-
slösung stattfindet.

7. Verfahren nach Anspruch 2, wobei der Titanylsulfat-Ausfällungsschritt (c) umfasst, dass das ausgefällte Titanylsulfat
der Scherwirkung ausgesetzt wird, nachdem die Ausfällung abgeschlossen ist.

8. Verfahren nach Anspruch 7, wobei der Titanylsulfat-Ausfällungsschritt (c) umfasst, dass das ausgefällte Titanylsulfat
unter Verwendung eines Mischers oder Rührwerks mit hoher Scherung Bedingungen mit hoher Scherung ausgesetzt
wird.

9. Verfahren nach Anspruch 8, wobei es sich bei dem Mischer oder Rührwerk mit hoher Scherung um einen Rührkes-
selreaktor handelt, der mit einer Smith-Turbine ausgestattet ist, die mit einer Umfangsgeschwindigkeit von mehr
als 3 m/s arbeitet.

10. Verfahren nach Anspruch 7, wobei der Titanylsulfat-Ausfällungsschritt (c) umfasst, dass das ausgefällte Titanylsulfat
der Scherwirkung durch Leiten des ausgefällten Titanylsulfats durch eine Scherung übertragende Pumpe unterzogen
wird, zum Beispiel eine Kreiselpumpe, die mit einem Rotor ausgestattet ist, der während des Pumpens Scherung
auf den Schlamm überträgt.

11. Verfahren nach Anspruch 7, wobei der Titanylsulfat-Ausfällungsschritt (c) umfasst, dass das ausgefällte Titanylsulfat
der Scherwirkung durch Leiten des ausgefällten Titanylsulfats, zum Beispiel mittels einer Pumpe, durch eine Vor-
richtung unterzogen wird, die Scherung auf das ausgefällte Titanylsulfat überträgt, wenn es durch die Vorrichtung
gelangt, zum Beispiel eine Drossel.
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12. Verfahren nach einem der vorangehenden Ansprüche, wobei der Titanyl-Ausfällungsschritt (c) bei einer Temperatur
von mindestens 90 °C ausgeführt wird.

13. Verfahren nach einem der vorangehenden Ansprüche, wobei der Titanyl-Ausfällungsschritt (c) einen pumpbaren
Schlamm der Titanylsulfat-Ausfällungsprodukte in der Prozesslösung erzeugt und die Feststoffbeladung in dem
Schlamm mindestens 5 Gewichts-% des Gesamtgewichts des Schlamms ausmacht.

14. Sulfatverfahren zum Herstellen von Titandioxid aus einem titanhaltigen Material (wie etwa ein Eisen enthaltendes
titanhaltiges Material, wie etwa Ilmenit), das einen Schritt des Ausfällens von Titanylsulfat aus einer in dem Verfahren
erzeugten Prozesslösung umfasst, der dadurch gekennzeichnet ist, dass die Ausfällungsprodukte während des
Verlaufs des Ausfällens von Titanylsulfat aus der Prozesslösung oder nachdem die Ausfällung abgeschlossen ist
einer Scherwirkung unterzogen werden, wobei das ausgefällte Titanylsulfat die Form länglicher Elemente mit einem
Längenverhältnis von weniger als 100:1 aufweist.

15. Titanylsulfatprodukt, das durch Ausfällen von Titanylsulfat in dem Titanylsulfat-Ausfällungsschritt (c) des Verfahrens
nach einem der vorangehenden Ansprüche erzeugt wird, wobei das Produkt die Form von ausgefälltem Titanylsulfat
aufweist, das während des Verlaufs der Ausfällung von Titanylsulfat aus einer Prozesslösung oder nachdem die
Ausfällung abgeschlossen ist einer Scherwirkung unterzogen wurde, wobei das Produkt die Form länglicher Ele-
mente mit einem Längenverhältnis von weniger als 100:1 aufweist, wobei es sich bei dem Längenverhältnis um
eine Verhältnis von Länge zu Breite handelt.

Revendications

1. Procédé au sulfate utilisé pour la production de titane à partir d’une matière titanifère (telle qu’une matière titanifère
contenant du fer ; l’ilménite par exemple) comprenant plusieurs étapes :

(a) la lixiviation de la matière titanifère solide avec une solution de lixiviation contenant de l’acide sulfurique et
la formation d’une solution de traitement contenant une solution acide de sulfate de titanyle (TIOS04) et de
sulfate de fer (FeS04) ;
(b) la séparation de la solution de traitement et d’une phase solide résiduelle provenant de l’étape (a) de
lixiviation ;
(c) la précipitation du sulfate de titanyle à partir de la solution de traitement provenant de l’étape (b), le sulfate
de titanyle précipité ayant la forme de membres allongés avec un rapport d’aspect inférieur à 100:1 ;
(d) la séparation du sulfate de titanyle précipité à partir de la solution de traitement, le sulfate de titanyle précipité
ayant la forme de membres allongés avec un rapport d’aspect inférieur à 100:1 ;
(e) le traitement du sulfate de titanyle précipité et la production d’une solution contenant du sulfate de titanyle ;
(f) l’hydrolyse du sulfate de titanyle dans la solution et la formation d’une phase solide contenant des oxydes
de titane hydratés et d’une phase liquide ;
(g) la séparation de la phase solide contenant des oxydes de titane hydratés et de la phase liquide ; et
(h) la calcination de la phase solide de l’étape (g) et la formation de titane ; et

où l’étape (c) de précipitation du sulfate de titanyle consiste à soumettre du sulfate de titanyle précipité à une action
de cisaillement pendant le déroulement de la précipitation du sulfate de titanyle à partir de la solution de traitement
ou après que la précipitation a terminé l’action de cisaillement provoquant la forme de membres allongés (avec un
rapport d’aspect inférieur à 100 :1) du sulfate de titanyle précipité.

2. Procédé selon la revendication 1 dans lequel l’étape (c) de précipitation du sulfate de titanyle consiste à soumettre
du sulfate de titanyle précipité à l’action de cisaillement pendant le déroulement de la précipitation du sulfate de
titanyle à partir de la solution de traitement.

3. Procédé selon la revendication 2 dans lequel l’étape (c) de précipitation du sulfate de titanyle consiste à soumettre
du sulfate de titanyle précipité à l’action de cisaillement avec au moins un agitateur à haut cisaillement fonctionnant
à des vitesses de rotation par minute suffisantes pour transmettre les cisaillements.

4. Procédé selon la revendication 3 dans lequel l’agitateur à haut cisaillement est une turbine de type Smith tournant
à la vitesse de 3-5 m/s.
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5. Procédé selon l’une des revendications 2 à 4, quelle qu’elle soit, dans lequel l’étape (c) de précipitation du sulfate
de titanyle consiste à soumettre le sulfate de titanyle précipité à l’action de cisaillement pendant une partie ou toute
la durée de la précipitation du sulfate de titanyle à partir de la solution de traitement.

6. Procédé selon l’une des revendications 2 à 5, quelle qu’elle soit, dans lequel l’étape (c) de précipitation du sulfate
de titanyle consiste à varier l’intensité de l’action de cisaillement pendant toute la durée où il y a précipitation du
sulfate de titanyle à partir de la solution de traitement.

7. Procédé selon la revendication 2 dans lequel l’étape (c) de précipitation du sulfate de titanyle consiste à soumettre
le sulfate de titanyle précipité à l’action de cisaillement après la fin de la précipitation.

8. Procédé selon la revendication 7 dans lequel l’étape (c) de précipitation du sulfate de titanyle consiste à soumettre
le sulfate de titanyle précipité à des conditions de cisaillement élevées au moyen d’un mélangeur ou d’un agitateur
à haut cisaillement.

9. Procédé selon la revendication 8 dans lequel le mélangeur ou l’agitateur à haut cisaillement est un réacteur à cuve
agitée, équipé d’une turbine de type Smith tournant à plus de 3 m/s.

10. Procédé selon la revendication 7 dans lequel l’étape (c) de précipitation du sulfate de titanyle consiste à soumettre
le sulfate de titanyle précipité à l’action de cisaillement en le passant dans une pompe qui transmet les cisaillements
comme, par exemple, une pompe centrifuge équipée d’un rotor qui transmet le cisaillement de la suspension épaisse
pendant le pompage.

11. Procédé selon la revendication 7 dans lequel l’étape (c) de précipitation du sulfate de titanyle consiste à soumettre
le sulfate de titanyle précipité à l’action de cisaillement en passant le sulfate de titanyle précipité, à l’aide d’une
pompe par exemple, dans un appareil qui transmet le cisaillement au sulfate de titanyle précipité lors du passage
dans l’appareil, une duse par exemple-.

12. Procédé défini dans l’une des revendications précédentes, quelle qu’elle soit, dans lequel l’étape (c) de précipitation
du sulfate de titanyle est réalisée à au moins 90°C.

13. Procédé défini dans l’une des revendications précédentes, quelle qu’elle soit, dans lequel l’étape (c) de précipitation
du sulfate de titanyle produit une suspension épaisse pompable de précipités de sulfate de titanyle dans la solution
de traitement et la charge de matières solides de la suspension épaisse représente au moins 5% du poids total de
la suspension.

14. Procédé au sulfate utilisé pour la production de titane à partir d’une matière titanifère (telle qu’une matière titanifère
contenant du fer ; l’ilménite par exemple) qui consiste notamment à précipiter du sulfate de titanyle à partir d’une
solution de traitement contenant du sulfate de titanyle produit dans le procédé qui se caractérise par la soumission
des précipités à une action de cisaillement pendant le déroulement de la précipitation du sulfate de titanyle à partir
de la solution de traitement ou après la fin de la précipitation, le sulfate  de titanyle précipité ayant la forme d’éléments
allongés avec un rapport d’aspect inférieur à 100:1.

15. Un produit au sulfate de titanyle obtenu en précipitant du sulfate de titanyle dans l’étape (c) de précipitation du
sulfate de titanyle du procédé défini dans l’une des revendications précédentes, produit qui a la forme du sulfate
de titanyle précipité qui a été soumis à une action de cisaillement pendant le déroulement de la précipitation du
sulfate de titanyle à partir d’une solution de traitement ou après la fin de la précipitation, le produit ayant la forme
d’éléments allongés avec un rapport d’aspect inférieur à 100:1, le rapport d’aspect étant le rapport largeur/longueur.
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