
PROCESS T O MAKE RUTILE PIGMENT FROM AQUEOUS TITANIUM
SOLUTIONS [0001] The present invention relates to an
economical process for making rutile pigment from
aqueous titanium feed stocks. The process uses
chemical, physical, and thermal control to create
unstable intermediates to significantly lower the
temperature of rutile crystal formation. The process
provides good control over the rutile crystal quality,
size, and particle size distribution. The byproducts
can be recycled in this process. BACKGROUND [0002] Two
TiC>2 pigment manufacturing processes dominate the
pigment industry. The sulfate process, invented in the
first part of the twentieth century, was the first to
provide a with high hiding power. The sulfate process
uses hydrolysis of a titanyl sulfate solution by
boiling and dilution, followed by high-temperature
calcination. Depending on the temperature of the
calcination, rutile (over 90O C) or anatase (under 900
C) crystal particles are produced. [0003] The chloride
process, introduced by DuPont in the nineteen fifties,
provides a rutile pigment. The chloride process uses
chlorination of a titanium ore or an intermediate
product to form TiCU followed by oxidation of the TiCU
at about 1400 C to form pure suitable for pigment
applications. [0004] Other methods of production have
been proposed, but none provides an economical process
with good control of particle size and particle-size
distribution. One process is disclosed in EP 186,370,
which describes a method to make titanium dioxide
pigment from titanium oxychloride by dilution
hydrolysis, followed by calcination of the hydrolyzed
product. This process is a high-energy consumer and
does not allow good particle size control. [0005]
Recently, a process has been developed that is able to
economically produce T1O2 pigment particles. The
process is described in U.S. patents 



6,375,923 and 6,548,039. The patents include methods
to produce crystal particles of by calcination at
relatively high temperature.[0006J n contrast to the
existing technologies to make rutile pigment, the
present invention is based on the physical effect of
certain salts to promote the formation of unstable TiO
crystal intermediates, without chemically reacting to
a significant extent with Because of the presence of
the salts, unstable crystal configurations OfTiO ,
such as brookite, can form and be converted into the
rutile phase at much lower temperatures than the
temperatures required in the existing processes.
Chemical control agents can also be added for better
control of particle size and particle size
distribution. SUMMARY [0007] The present invention
provides a method of making rutile TiO by preparing an
amorphous thin-film intermediate from a feed solution.
The feed solution is desirably titanium oxychloride or
another aqueous solution of titanium tetrachloride.
This feed solution may also contain a chemically and
thermally stable salt. The feed solution is evaporated
and hydrolyzed, preferably in a spray drier to produce
an amorphous intermediate, which comprises hollow
spheres or parts of spheres. By amorphous intermediate
is meant a mixture of compounds that contain less than
10% of a crystallized phase, as determined by X-Ray
diffraction. These compounds do not form an organized
crystal structure and all elements are homogeneously
and randomly distributed in the thin film. The salt is
homogeneously distributed through the intermediate.
The intermediate is believed to be an inorganic
polymer consisting of the elements Ti, , Cl, and H.
[0008] After the evaporation step, the intermediate is
calcined at a temperature high enough to form
particles of TiO rutile crystals but low enough to
prevent the chemical reaction of the salts with the
titanium compounds. Depending on the composition,
concentration, and character of the salts, the
calcination generally occurs between 300 C and 800 C.
The calcination time is typically very short because 



the rutile crystallization is catalyzed by the
presence of the salts. The salts appear to initiate
the formation of unstable crystal structures OfTiO
such as brookite. As a result, the calcination time
required to form phase-pure rutile ranges from the
time required to melt the salts, typically less than
one second, to a maximum of about 24 hours.[0009] The
salts are washed off with de-ionized water and a
pigmentary rutile base is obtained. The base may be
further dispersed to produce primary particles with a
size distribution corresponding to high quality
pigment. To improve control of the particle size and
particle size distribution, seeding agents such as tin
compounds can be used. Salts from the washing step may
be recycled, conditioned in a purification step, and
re-used in the process. DESCRIPTION OF THE DRAWINGS
[0010] FlG. 1 shows a flow sheet of one embodiment of
the complete process according to the present
invention. [0011] FIG. 2 shows a flow sheet of another
embodiment of the process of the present invention
where the feedstock is an aqueous solution of titanium
tetrachloride, or titanium oxychloride, prepared by
any means. [0012] FIG. 3 shows a phase diagram of the
system NaCI-KCI-LiCI. Combinations of these salts can
be used in the process of the present invention.
[0013] FIG. 4 shows a SEM image of the amorphous
intermediate before calcination. [0014] FIG. 5
presents a XRD pattern of the salted amorphous
intermediate before calcination, where the salt is
NaCl. [0015] FIG. 6a is a SEM image of the salted
intermediate after calcination. [0016] FIG. 6b is a
detailed SEM image of the salted intermediate after
calcination, showing a local accumulation of salts.
[0017] FIG. 7 shows a possible mechanism (pathway) for
low temperature rutile crystallization according to
the process of the present invention. [0018] FIG. 8
shows by means of a series of scanning electron 



micrographs, the transformation of the amorphous
intermediate into phase-pure rutile crystals. [0019]
FIGs. 9 9a, and 9b show the same rutile crystal phase
development as in F)G. 8, by means of XRD
patterns.[0020] FlG. 10A is an XRD pattern of the
amorphous intermediate after flash calcination at 625C
for 60 seconds. t shows that the conversion into
rutile was very fast. Only traces of anatase phase are
present. [0021] FIG. 10B is an SEM image o f the same
material, showing a uniform structure of
well-developed rutile crystals of pigmentary size.
FIG. 10C is an SEM image of flash calcined amorphous
intermediate, showing a detail of aggregates of rutile
crystals and traces of an anatase phase.FIGs. 1 1 a-1
d show SEM images of a variety of shapes of the
unstable brookite crystal phase, formed in the early
stages of calcination. Brookite forms complex
elongated orthorhombic crystals. The crystals have a
flat, tabular, structure, similar to mica. Brookite
can also form pseudo-hexagonal crystals. [0024] FlG.
12 is an SEM image showing interrupted conversion of
the unstable brookite crystal phase into rutile as it
appears in the early stages of the calcination. [0025]
FIG. 13 shows an SEM image of the calcined pigment
base produced in this process, after the salts were
washed off and before the milling step. [0026] FIG. 14
is an SEM image showing a detail of the calcined
pigment base product after calcination and washing.
[0027] FIG. 15 presents an XRD pattern of the
intermediate calcined at 550 , after the salts were
washed off. The XRD match indicates phase pure rutile,
with no other crystal phases or salts present in this
material. [0028] FIG. 16 shows a milling profile of
the material corresponding to FIG. 15. [0029] FIG. 17
shows an SEM image of the material corresponding to 



FIG. 16 after milling. [0030] FIG. 18 shows an SEM
picture of a rutile pigment base made by the process
described in FIG. . [0031] FIG. 1 shows an SEM image
of rutile with a particle size in the nano-range made
according to the process of the present invention. The
primary particle size is approximately between 40 n
and 100 nm.DESCRIPTION [0032] Referring now to IG. ,
the process of the present invention comprises the
following general steps: (1) preparation of an aqueous
titanium compound feed solution, (2) treatment of the
solution of step 1 with soluble catalyzing salts, (3)
treatment of the solution of step 2 with optional
seeding and chemical control agents, (4) evaporation
(desirably by spray drying) of the solution of step 3
to produce an intermediate powder consisting of
amorphous titanium compounds and homogeneously
distributed salts, (5) calcination of the powder of
step 4 to form crystalline rutile while leaving the
catalyzing salts unreacted with any titanium
compounds, (6) washing of the product of calcination
to separate the salts added in step 2 from the
crystalline rutile, (7) conditioning of the salt
solution recovered in the washing step for return to
the process at step 2, and (8) dispersion of the
crystalline rutile aggregates by a wet milling
technique to form a slurry of rutile pigment base for
further processing. [0033] The separate steps will now
be described in more detail. Preparation of a titanium
feed solution [0034] The first step of the process is
the preparation of a titanium compound solution from
any appropriate titanium feedstock. Desirably, the
titanium compound is in solution and is not a
suspension of particles. The feed solution may be
prepared by any means, such as that described in U.S.
Pat. No. 6,375,923, the relevant portions of which is
incorporated herein as reference. n this regard, a
titanium oxychloride feed solution is produced from an
ilmenite ore concentrate feedstock. The 



feed solution may also be prepared as described in
U.S. Pat. No. 6,548,039, the relevant portions of
which is incorporated herein by reference. n those
patents, anhydrous TiCU may be used as feedstock.
Alternatively, a solution of titanium oxychloride and
similar compounds from any other source can be used as
shown in FIG. 2. Desirably, the titanium compound is
an aqueous titanium compound solution. More desirably,
the titanium compound is a n aqueous titanium chloride
solution.Addition of catalyzing salt [0035] A quantity
of a catalyzing salt may be completely dissolved in
the titanium compound solution to form a salted feed
solution. The catalyzing salt can be a single salt or
a combination of salts. The catalyzing salt can be
added at any suitable time prior to evaporation. For
example, the catalyzing salt can be introduced into
the process during the solvent extraction step. The
catalyzing salt serves to promote nascent and unstable
crystalline forms of T1O2, suchas brookite, which can
then readily convert, at low calcination temperatures,
to phase-stable crystals of pigmentary rutile. [0036]
The catalyzing salt useful in the present invention is
soluble in the aqueous titanium chloride solution. t
remains chemically stable and does not react with
titanium compounds in the temperature range used in
the present process, generally 300-800 C. n one
embodiment, the catalyzing salt has a melting point of
less than 800 C. The catalyzing salt added to the feed
solution desirably has a melting point below that of
the selected calcination temperature. t is believed,
that besides their catalytic effect, the salts may
also function as fusing, mass transfer, and spacing
agents. These effects are particularly important when
the salts are in the molten state. [0037] The
catalyzing salt that can be used in the present
invention includes pure compounds of NaCI, KCI, LiCI
or any mixture of these salts or other pure chloride
salts. The phase diagram in FIG. 3 shows melting
points of NaCl, KCI, LiCI and their mixtures, which
can be used in the present invention. Salts that are
useful in the present process can be added directly as
chloride salts. Alternatively, the cations can be
added as other compounds, such as carbonates and
hydroxides, reacting with an 



excess of HCI in the feed solution. These unstable
compounds will be converted to chemically stable
chlorides. [0038] The quantity of catalyzing salt to
be added and dissolved in the feed solution may be
from about 3% by weight of the equivalent amount of
titanium dioxide contained in the feed solution up to
the amount corresponding to the saturation point of
the salt in the feed solution. Desirably, the
catalyzing salt is present in an amount from about 10%
to about 50% by weight and desirably from about 15% to
about30%, and more desirably from about 20% to about
25% by weight of the amount of the equivalent amount
OfTiO contained in the feed solution. [0039] By
providing a molten phase a t the lowest possible
temperature for a mixture of the three salts, the
eutectic composition of the NaCI, KCI, and NaCI is of
particular use in the present invention. The eutectic
corresponds to about 54 mol% LiCI, 44 mol% KCI and
mol% NaCI and has a melting point of 346 C. The
eutectic compositions for the binary systems LiCI-KCI
(melting point of about 348 C) and the system
LiCI-NaCI (melting point about 558 C) also provide low
melting mixtures that do not require the addition of 3
different salts and are also of use in the process of
the present invention. Optional chemical treatment and
addition of seeding agents [0040] For control of
particle size and particle size distribution in the
final product, chemical control and seeding agents can
be added to the feed solution in addition to the
catalyzing salt. These chemical control and seeding
agents are incorporated in the resulting pigment
material by the evaporation and calcination processes
and cannot be recovered for recycle. Suitable examples
of chemical control and seeding agents include, but
are not limited to tin compounds in the stannous or
stannic form (Sn or Sn ). Evaporation to form a thin
film salted amorphous intermediate [0041] The salted
feed solution (which may or may not contain chemical
control and seeding agents) is evaporated to form a n
intermediate powder consisting of 



amorphous titanium compounds and a homogeneously
distributed salt as shown in FIG. 4. Desirably, the
evaporation is conducted in a spray drier. Spray
drying produces thin-shelled or "thin film" hollow
sphere or parts of spheres as shown in FIG. 4. n other
words, evaporation by spray drying provides an
amorphous salted intermediate. [0042] One process for
making the titanium amorphous intermediate is by spray
hydrolysis, as described in detail in U.S. Pat. Nos.
6,375,923, 6,440,383 and 6,548,039, the relevant
portions of which are incorporated herein by
reference. A typical X-ray diffraction (XRD) pattern
of a NaCI-salted amorphous intermediate is 7shown in
FIG. 5. Sodium chloride was added in excess, compared
to the capacity of the amorphous intermediate to
homogeneously absorb the catalyzing salt in the
substructure of the titanium amorphous compound. The
XRD pattern shows the presence of NaCI crystals,
formed on the surface of the amorphous intermediate.
[0043] HCI acid gases originating from this step are
desirably recycled as shown in FIGs. 1 and 2.
Calcination [0044] The salted amorphous intermediate
powder is then calcined in a temperature range where
pigmentary rutile particles form but no significant
chemical reaction of the catalyzing salts with
titanium compounds occurs. A chemical reaction is
considered significant when the product of the
reaction is detectable by x-ray diffraction, which
generally indicates that more than 0.5 wt% of the
product is present. [0045] Gases released during
calcination (mostly and HCI) are desirably recycled as
shown in FIGs. 1 and 2. [0046] Generally, calcination
temperatures range from about 300 C to about 800 C. At
calcination temperatures less than 300 C, rutile
crystals are mixed with other T1O2 crystal phases.
Above 800 C, the rutile crystals grow larger than
pigmentary size, and, in some cases, the added
catalyzing salts significantly react with TiO . 



Desirably, the calcining occurs at a temperature less
than 800 C, desirably less than 70O C, more desirably
less than 600 C, even more desirably less than 500 C
and particularly desirable at less than 450 C. The
temperature range used for calcination in the present
invention is significantly lower than the temperature
used in the calcination step of the existing sulfate
or chloride processes, and we have defined the present
invention as a low-temperature process. [0047] The
calcination time is from the period of time to melt
the catalyzing salt to about 24 hours. Desirably, the
calcination time is less than about two hours, more
desirably less than about 30 minutes, and even more
desirably less than about one minute. [0048] The
transformation of the salted amorphous intermediate
that occurs as a result of calcination is clearly
shown by comparing FIGs. 4, 6a, and 6b. 8FlG. 4 shows
the salted amorphous intermediate. n FIG. 6a, the
scanning electron micrograph (SEM) shows that the
calcination process has reorganized the amorphous thin
film of the intermediate to an open network of
well-developed rutile crystals. FIG. 6 shows where a
higher concentration of catalyzing salts has fused
together at one spot, after the rutile structure was
formed. [0049] n other words, after calcination, the
product comprises crystallites bound in a structure of
hollow spheres or parts of spheres having an effective
diameter from about 0.1 m to about 100 m . The term
"effective diameter" when used in connection with
parts of spheres means that if the arc forming the
parts of the sphere were to be continued, a sphere
would be formed to define a diameter. The defined
diameter is the effective diameter. The rutile
crystallites have a particle size from about 10 nm, to
about 1000 nm, including from about 50 n to about 500
nm, and further including from about 100 nm to about
300 nm. With precise control of the operating
conditions, crystallites of about nm to about 100 nm
can be produced. Crystallites in this size range are
considered to be nano-sized particles. 



[0050] t is expected that in the early stages of
calcination, the catalyzing salts function to force
the amorphous titanium compounds to adopt unstable
crystalline forms of such as brookite. t is postulated
that a mixture o f these unstable crystals, consisting
mostly of brookite, typically less than 100 nm in
size, and a fraction of ultra small anatase, is
readily converted into the rutile phase at a
significantly lower temperature than the temperature
at which T1O2 anatase crystals are known to convert
into rutile in the absence of salts. [0051] Without
being bound by any particular theory, it is believed
that the catalyzing salts most likely improve mass
transfer, provide spacing required for rutile growth
to the right particle size in an open network
macrostructure, and create ideal conditions for
wetting and fusing in the crystal growth process,
especially after they melt. [0052] The proposed
pathway for the conversion process during the
calcination step is shown in FIG. 7. FIGs. 8 and 9
present, through SEM and XRD respectively, the
transformation process from amorphous intermediate
into rutile at650C. According to software provided by
the International Centre for Diffraction Data (ICDD),
the first XRD peaks of anatase and brookite overlap at
a diffraction angle 2Qof about 25.5 degrees. The first
rutile peak appears at about 27.4 degrees. Brookite
shows a second peak at about 31 degrees. On this
basis, the XRD pattern in FIG. 9 shows the rapid
appearance of brookite and its fast conversion into
thermodynamically stable rutile in the presence of
small amounts of ultra small anatase during the
transition. [0053] Good heat transfer is desirable
during the calcination step of this invention. FIGs.
10a, 10b, and 10c describe the same rapid transition
of the intermediate to rutile at 625C in one minute
when good heat transfer was provided by calcining the
intermediate in a thin layer. [0054] Different forms
of brookite crystals are shown in FIGs. 1a-11d. ft is
thought that if the calcination process were
terminated during the early stages, than 



2 in the brookite form could be manufactured. [0055]
FIG. shows a mixture of fully formed rutile as well as
small brookite crystals. t corresponds to a test where
the transformation was interrupted by removing the
sample from the furnace. Washing [0056] The calcined
material is washed in de-ionized water to separate the
aggregates of rutile pigment base (FIGs. 13 and 14)
from the salts. An XRD of the rutile pigment base is
shown in FIG. 15. Rutile originating from this process
is usually phase pure and may be further processed in
a milling step. FlG. shows the particle-size
distribution as a function of milling time for the
sample of calcined base material shown in FIG. 15 as
it is milled into a desired product. FIG 17 shows a
scanning electron micrograph of the material
corresponding to FIGs. and 16. Conditioning of salts
[0057] Following recovery in the washing step, the
salt solution is filtered to remove particulates,
purified, if necessary, through an ion exchange or
other appropriate purification step to remove trace
contaminants, and concentrated, if 10necessary, before
return to the process. The recycling of the salt
solution is shown in FIGs. 1 and 2. Dispersion [0058]
The rutile pigment base recovered from the washing
step is in the form of aggregates of primary rutile
crystals. These aggregates are broken apart or
dispersed in a wet milling step, producing a slurry of
rutile pigment base for further treatments such as
silica and/or alumina coating. The aggregated
structure can also be dispersed by steam microniz ng
instead of wet milling. EXAMPLES [0059] The following
examples are meant to illustrate, but not limit, the
present invention. 



EXAMPLE 1 [0060] A synthetic titanium oxychloride
solution containing g Ti/L was treated with a
NaCI-KCI-LiCI eutectic composition. FIG. 3 shows that
the melting point of this salt composition is about
346C. The total amount of the eutectic catalyzing salt
composition added was 20 wt % of the amount of Ti in
solution. This amount corresponds to 12 wt % of the
equivalent amount of TiG2, i.e. the TiO that will be
formed from the solution in the process of the present
invention. The solution was evaporated in a spray
drier at 250 C, producing a salted titanium inorganic
amorphous intermediate (FIG. 4), which was further
calcined at 625 C for 90 minutes. Phase pure rutile
pigmentary particles with a specific surface area of 6
m /g were obtained after calcination and before
milling. EXAMPLE 2 [0061] A synthetic titanium
oxychloride solution containing 100 Ti/L was treated
with a NaCI-KCI-LiCI eutectic composition. The amount
of the catalyzing salt composition added was 25 wt %
of the equivalent amount of TiO a s defined in Example
. An amount of tin equal to 0.197 wt % of the amount
of Ti present, introduced as tin tetrachloride, was
also dissolved in the feed solution for better control
of the particle size distribution. This amount of tin
is equivalent to a n addition of 0.1 wt % of SnO to
the final TiO product that is obtained in the present
process. The solution 11was evaporated by spray drying
at 25O C, producing a salted intermediate, which was
further calcined at 625 C for 90 minutes. Phase-pure
rutile pigmentary particles with a specific surface
area 7 m /g were obtained after calcination. A
scanning electron micrograph of the material before
milling is shown in FIG. 14. The dry brightness of the
unmilled material, determined by spectrophotometry,
was 96.4. The average particle size determined by
transmission electron microscopy was 140 n after
milling. EXAMPLE 3 [0062] A synthetic titanium
oxychloride solution containing 110 Ti/L was 



treated with a NaCl-KCl-LiCI eutectic composition. The
amount of the catalyzing salt composition dissolved in
the feed solution was 25 wt % of the equivalent amount
of as defined in Example . The solution was evaporated
in a spray drier at 250 C, producing a salted
intermediate. Samples of the intermediate were
calcined at 650 C for 1, 2, 3, 7, and 90 minutes. The
rutile phase growth was monitored. SEM photographs
found in FIG. 8 show the transition into rutile
pigment particles. XRD patterns found in FIG. 9 show
the same transition into rutile pigment. The
transition of the amorphous intermediate into rutile
pigment particles caused by the presence of salts is
very fast and the transition time generally depends on
the amount of heat that can be transferred during
calcinations, as is shown in FIG. 10a. FIG. 1Ob shows
that transformation of one crystal form into another
can take place within one minute. No slow gradual
growth of rut e particles was observed. Traces of
unconverted anatase after this one-minute fusion are
shown in FlG. 10c. FIG. 2 shows an example of brookite
to rutile conversion interrupted before completion. n
another set of experiments in crucibles, with the same
salt additions, it was found that the minimum
calcination times for full rutile conversion was 60
minutes at 500 C, 30 minutes at 600 C, and 15 minutes
at 650 C. Generally, full rutilization can be achieved
in an extremely short time. n fact, full rutilization
can be achieved almost instantly after the salt
package melts. A variety of calcination techniques,
including airborne calcination in a heated nozzle, can
be used to achieve the same results. 12EXAMPLE 4
[0063] A titanium oxychloride solution containing 80 g
Ti/L, prepared from ilmenite ore following the process
of U.S. Pat. No. 6,375,923 (as generally depicted by
FIG. 1, herein) was treated with a NaCI-KCI-LiCI
eutectic composition. The amount of the catalyzing
salt composition added was 25 wt %of the equivalent
amount of in the feed solution as defined in Example .
An amount of tin equivalent to 0.3% SnO in the
product, as defined in Example 2, was introduced as
tin tetrachloride, and was 



dissolved in the feed solution for better control of
the particle size distribution. The solution was
evaporated in a spray drier at 250 C, producing a
salted intermediate, which was further calcined at
625C for 90 minutes. Phase-pure rutile pigmentary
particles were obtained after calcination. FIG. 18
shows an SEM photograph of the phase-pure rutile
pigmentary particles. EXAMPLE 5 [0064] A synthetic
titanium oxychloride solution containing 45 g Ti/I was
treated with a 70:30 mol% NaCI-LiCI mixture. The
melting point of this NaCI-LiCI mixture is about 700
C. The amount of the catalyzing salt mixture added was
20 wt % of the equivalent amount of TiO , as defined
in Example . An amount of tin equivalent to an
addition of 0.3% of to the final TiO product, as
defined in Example 2, was introduced as tin
tetrachloride and was dissolved in the feed solution
for better control of the particle size distribution.
The solution was evaporated in a spray drier at 250 C,
producing a salted intermediate, which was further
calcined at 630C for 8 hours. Phase-pure rutile
pigmentary particles were obtained after calcination.
The specific surface area of this pigment base was 5.1
m /g before dispersion and 7.4 m /g after dispersion.
The average particle size estimated by transmission
electron microscopy was 184 n after milling. The
pigment had a slight yellow undertone. Dry brightness
of this material was 95.7 before milling. EXAMPLE 6
[0065] A synthetic titanium oxychloride solution
containing 50 g Ti/L was treated with a NaCI-LiCI
eutectic composition with a melting point around 554C.
The amount of the catalyzing salt composition added
was wt % of the equivalent amount 13OfTiO present, as'
defined in Example 1. Tin chloride as a seeding agent
was added to the feed solution for better control o
the particle size distribution. The -solution was
evaporated in a spray drier at 250 C, producing a
salted intermediate, which was further calcined at 550
C for 8 hours. Phase pure rutile pigment particles
were obtained in the 



calcination. FIG. 15 shows an XRD pattern of the
phase-pure rutile pigment particles. The specific
surface area of these aggregates was 7 m /g before
milling. The material was dispersed after the washing
step, producing a slurry of a milled pigment base,
with pigmentary particle size distribution and a
specific surface area of 9 rn /g. FIG. 16 shows the
milling profile of this material, monitored by a
Coulter LS23O Particle size analyzer. FIG. shows an
SEM image of the material after dispersion. EXAMPLE 7
[0066] A synthetic titanium oxychloride solution
containing Ti/L was treated with lithium chloride. An
amount of 19.9 g of Li per liter of solution was added
to this solution as lithium hydroxide. This amount
corresponds to a Ti:L molar ratio in the solution of
about 5:4. The solution was evaporated in a spray
drier at 250 C, producing a salted intermediate, which
was further calcined at 500 C for hours. Rutile
pigmentary particles were obtained. EXAMPLE 8 [0067] A
synthetic titanium oxychloride solution containing 50
g Ti/L was treated with an amount of sodium chloride
corresponding to 20 wt % o f the equivalent amount of
TiO , as defined in Example . An amount of tin
tetrachloride penta-hydrate corresponding to .7% of
the amount of Ti present in solution was added to the
solution for better control of particle size and
particle size distribution. The solution was
evaporated in a spray drier at 250 C, producing a
salted intermediate. The XRD pattern corresponding to
this intermediate material is shown in FlG. 5. The
salted intermediate was further calcined at 820 C for
four hours. Rutile pigmentary particles were obtained
in the calcination. EXAMPLE 9 [0068] A synthetic
titanium oxychloride solution containing 100 Ti/L was
treated with a NaCI-KCI-LiCI eutectic composition. The
amount of the catalyzing salt 14composition added was
25 wt % of the equivalent amount of as defined in 



Example . An amount of tin equivalent to 0.3% in the
TiO product, as defined in Example 2, was introduced
as tin tetrachloride, and was dissolved in the feed
solution for better control of the particle size
distribution. The solution was evaporated in a spray
drier at 250C, producing a salted intermediate, which
was further calcined at 550 C for 90 minutes.
Nano-sized particles of phase-pure rutile were
obtained in the calcination. FIG. 19 shows an SEM
photograph of the nano-sized particles of phase-pure
rutile having primary particle size in the range from
about 20 n to about 0 nm. [0069] By varying the amount
and composition of the NaCI-KCI-LiCI mixture, the
composition of the seeding agent and the calcination
temperature, it is possible to methodically control
the particle size of the product. Particle sizes
between 150 and 350 nm can be obtained. Smaller,
nano-sized (< 100 nm) particles, useful for
non-pigment applications can also be formed. Larger
(over 500 nm) particles form, when amounts of added
salts are low, typically under wt % based on the
titanium dioxide content, and calcination temperature
is high, typically above 700 C. EXAMPLE 10 [0070] A
synthetic titanium oxychloride solution containing 50
g Ti/L was treated with NaCI. The amount of catalyzing
salt added was 20 wt % of the equivalent OfTiO as
defined in Example 1. The solution was evaporated in a
spray drier at 250 C, producing a salted intermediate,
which was further calcined at 600 C for 30 minutes. An
unstable brookite crystal phase was obtained. FIG. a
shows an SEM photograph of the brookite crystal phase,
produced under these conditions, and after washing.
EXAMPLE 11 [0071] A synthetic titanium oxychloride
solution containing 100 Ti/L was treated with a
NaCI-KCI-LiCI eutectic composition. The amount of the
catalyzing salt composition added was 25 wt %of the
equivalent amount of in the feed solution as defined
in Example . The solution was evaporated in a spray
drier at 250 C, producing 



a salted intermediate, which was further calcined at
500C for about a minute. Nano- 15sized needles (less
than 100 nm) of brookite were obtained after
calcination. FIGs. 1b, 1c, and d show different forms
of brookite crystal structure formed in this
calcination. EXAMPLE 12 [0072] The calcined product
described in Example 2, was washed in Dl water. The
unmilled pigment base stayed on the filter, while the
salt solution was separated and run at p 7 through a
column filled with resin to remove possible cross
contaminants such as iron. The conditioned salt
solution was further used for hydration of TiCI , to
prepare feed for another batch of titanium oxychloride
solution. Since the salt no longer contained tin
chloride, tin chloride was added again to the new feed
solution, as depicted in FlG. 1. [0073] t is therefore
intended that the foregoing detailed description be
regarded as illustrative rather than limiting, and
that it be understood that it is the following claims,
including all equivalents, that are intended to define
the spirit and scope of this invention. 16WHAT S
CLAIMED: . A low-temperature process for producing
pigment-grade rutile titanium dioxide from an aqueous
solution comprising the following sequential steps: a.
preparing an aqueous feed solution comprising a
titanium compound; b. adding an effective amount of a
catalyzing salt to the solution; c. optionally adding
a chemical control agent to the solution; d.
evaporating the solution to produce a dry amorphous
intermediate that includes a mixture of titanium
compounds; and e. calcining the intermediate to form
rutile pigment base. 2. The process of claim 1 further
comprising washing the salt from the calcined TiO
rutile pigment base. 3. The process of claim 2 further
comprising milling and dispersing the rutile 



pigment. 4. The process of claim 1 wherein the
titanium compound is selected from the group of
titanium chloride, titanium oxychloride, and mixtures
thereof. 5. The process of claim 1 wherein the
titanium compound is titanium oxychloride. 6. The
process of claim 1 wherein the catalyzing salt is a
salt of an alkali metal. 7. The process of claim 1
wherein the catalyzing salt is selected from the group
consisting of chloride salts. 8. The process of claim
7 wherein the chloride salts are selected from the
group consisting of NaCI, KCI, LiCI and mixtures
thereof. 9. The process of claim 7 wherein the
chloride salts comprise a eutectic mixture of NaCI,
KCl, and LiCI. 1710. The process of claim 7 wherein
the chloride salts comprise a eutectic mixture of LiCl
and KCI. . The process of claim 7 wherein the chloride
salts comprise a eutectic mixture of LiCI and NaCI.
12. The process of claim 1 wherein the catalyzing salt
is present in the feed solution in an amount from
about 3 weight % of the equivalent amount of TiO
present in the feed solution and the amount
corresponding to the saturation point of the
catalyzing salt in the feed solution. 13. The process
of claim 1 wherein the catalyzing salt present in the
feed solution is from about weight % and about 50
weight % of the equivalent amount of present in the
feed solution. 14. The process of claim 1 wherein the
amount of the catalyzing salt is between about weight
% and about 30 weight % of the equivalent amount OfTiO
present in the feed solution. 15. The process of claim
1 wherein the catalyzing salt does not significantly
chemically react with titanium oxide through the
process. 



16. The process of claim 1 wherein the catalyzing salt
does not significantly change chemical composition.
17. The process of claim 1 wherein the catalyzing salt
is recycled. 18. The process of claim , wherein the
rutile pigment base comprises an open network of
rutile crystals. 19. The process of claim 1 wherein
the catalyzing salt has a melting point of less than
800 C. 20. The process of claim 1 wherein the
calcining is conducted at a temperature less than 800
C. 182 . The process of claim 1 wherein the calcining
is conducted at a temperature less than 700 C. 22. The
process of claim 1 wherein the calcining is conducted
at a temperature less than 600 C. 23. The process of
claim 1 wherein the calcining is conducted at a
temperature less than 500 C. 24. The process of claim
1 wherein the calcining is conducted at a temperature
less than 400C. 25. The process of claim 1 wherein the
calcination time is between the time needed to melt
the catalyzing salt and about 24 h. 26. The process of
claim 1 wherein the calcination time is less than
about two hours. 27. The process of claim 1 wherein
the calcination time is less than about 30 minutes.
28. The process of claim 1 wherein the calcination
time for is less than about one minute. 29. The
process of claim 1 wherein the chemical control agent
is added before evaporating. 30. The process of claim
27 wherein the chemical control agent is a
water-soluble 



salt of tin. 31. The process of claim 27 wherein the
chemical control agent is tin chloride. 32. The
process of claim 1 wherein the evaporating is
conducted in a spray drier. 33. The process of claim 1
wherein the evaporation temperature is between about
100 C and about 300 C. 1934. The process of claim 1
wherein the amorphous intermediate comprises a
homogeneous mixture of titanium, oxygen, chlorine, and
hydrogen compounds, with a homogeneous distribution of
salts through the titanium intermediate. 35. The
process of claim 32 wherein the product after
calcination comprises TiO rutile crystallites bound in
a structure of hollow spheres or parts of spheres. 36.
The process of claim 33 wherein the spheres have a
diameter of about 0.1 to about 100 m . 37. The process
of claim 33 wherein the crystallites have a particle
size between about 10 n and 1000 nm. 38. The process
of claim 33 wherein the crystallites have a particle
size between about 50 nm and 500 nm. 39. The process
of claim 33 wherein the crystallites forming the
hollow spheres have a particle size between about 100
nm and 300 nm. 40. The process of claim 1 wherein the
washing is conducted with water to provide an aqueous
salt solution and the TiO rutile pigment base. 41. The
process of claim 40 further comprising recycling the
salts in the aqueous salt solution. 42. The process of
claim further comprising milling the washed rutile
pigment base product. 43. The process of claim 1
wherein a thermodynamically unstable brookite phase is
formed as an intermediate during the early stages of
calcination. 20 


