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BACKGROUND OF THE | NVENTI ON This invention relates to a
chloride process for producing Tigerr] by addition of an inert gas in
a vapor phase oxidation of TiC[err] and nore particularly, to a
process for controlling Ti @ aggl onmer adE by addition of the inert gas
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chlorine is discharged from the reactor and must be quickly cooled below 600°C

within about 5 to 100 seconds. This cooling is accomplished in a conduit, i.e., a flue
25  so that undesired TiO) particle size growth is prevented and particle agglomeration
is minimized. Pigment product properties such as carbon black undertone (CBU)
and gloss are a function of primary particle size and particle agglomeration,
respectively. If high agglomeration of TiO results, the TiO2 must be milled or
ground in an energy intensive, expensive process such as micronizing to reduce the
30 size of agglomerates in order to achieve the desired pigment properties.
- The chloride process described above, however, produces TiO with
variable agglomeration as production rate changes. The need therefore exists for a
solution to maintain the degree of agglomeration as constant as possible. The
degree of agglomeration changes also according to size and design of cooling flues.
35 There is need to maintain a given level of agglomeration if larger diameter flues are
used as these might lead to reduced agglomeration on account of reduced
turbulence. The present invention meets those needs.
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orated an preheated to temperatures of from about 300
to about 650°C and introduced into a reaction zone of a reaction vessel which is
25 raised to a peak temperature of about 1000 to 1600°C at about 10-80 psig.

The oxygen-containing gas is preheated to at least 1200°C and is
continuously introduced into the reaction zone through a separate inlet from an
inlet for the TiCl4 feed stream. Optionally, the oxygen-containing gas can also
contain a vaporized alkali metal salt such as CsCl or KCl, etc. which is one of the

30 tools used to control particle growth. . : .

As a result of mixing of the reactant streams, substantxa]ly complete
oxidation of TiCl4 takes place butfor conversion limitations imposed by
temperature and thermochemical équilibriu:p. Solid particles of TiO2 form. The
reaction product containing a suspension of TiO» particles in a mixture of chlorine

35 andresidual gases is carried from the reaction zone at temperatures considerably in
excess of 1000°C and is subjected to fast cooling in the fiue. The cooling can be
accomplished by any conventional means as known in the art or described below.
TiO7 particles leaving the cooling flues are often referred to as an "oxidation base”.

In carrying out the invention, the inert gas is added downstream from

40  the TiCl4 stream addition. The exact point of inert gas addition or injection will
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>75% of t henitfipeh idffecéd BRER tn RIMORARfrém abodft 0.005 pounds to about 0.5 pounds
25 per pound of TiOy, preferably about 0.01 pounds to about 0.1 pounds per pound of
TiO9, and the temperature of nitrogen is about -200 to about 1000°C, preferably
about -20 to about 200°C.
The injection of the chemically inert gas at high pressure controls
agglomeration through turbulent dissipation of kinetic energy. Flowing from a high
30 pressure source, the injected gas accelerates to high velocity as it passes through a
nozzle or orifice into the reaction mixture. The high velocity gas has a large kinetic
~ energy per unit mass, equal to one-half of the square of its velocity. The total rate
of addition of kinetic energy by the injected gas is equal to the kinetic energy per
unit mass multiplied by the mass flow rate of injected gas. This kinetic energy is
35 dissipated by turbulence generated as the injected jet decelerates while mixing with
the reaction mixture. The generated turbulence increases the collision rate between
particles in the reaction mixture, and thus increases the degree of agglomeration.
By controlling the rate of addition of kinetic energy, the degree of agglomeration
can be eontrolled :
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The rate qghief gh'tlon of kinetic energy is affected by both the nmass rate
of gas inj e]ctlon and_the kinetic energy. per. unit mass of injected gas, the
| atter being kR given desiredrate of kineticanergyradgdition.aise of largerrhe si ze

and shape mjzzles or iofifices efdbles use of lower. ﬁlj@émﬁf gdsisaPplyPresstins, bt Pqiifed
UPSLTG8M Qf 9 lt'ehgeas,ovrvhfex"e%g use of smgilert ﬁ'ozzf'% o oritices a.{]ows use of less injection gas
but requires greater supply pressure. In carrying out the invention, often the
injection nozzles or orifices may be sized to provide the desired gas injection rates
as described above with supply pressures ranging from ébou._t 50 to.about 10,000 psig
above reactor pressure, preferably about 500 to about 5000 psig.- The rate and
30 - pressure of the introduction of the inert gas will vary depending upon the desired
degree of agglomeration of the TiO7 partlcles B o
- The TiO5 pigment is recovered from the cooled reaction products by
conventional separation treatments, including cyclonic or electrostatic separating
media, filtrﬁmn thr'ough pdrous medte. or the like. - The recovered T102 may be
35  subjected to surface treatment, milling, grinding or dlsmtegratlon treatment to
obtain the desired level of agglomeration.
TiO9 pigment products are tested for Carbon Black Undertone
(CBU), a measure of particle size uniformity that depends to a certain extent on the
amount of particles present as agglomerates. The higher the CBU, the smaller the
40 particles. A typical CBU for TiO7 used in paint is about 10, CBU is determined by
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rate was 18 tons TiO7 per hour. The reactant streams were rapidly mixed. Ata
location approximately 45 feet from the point where the gaseous TiCl4 and oxygen
30  were initially contacted, about 1100 Ib/hr of nitrogen at a pressure of 1100 psig at
-15°C were injected into the reaction mass through a nozzle for a test period of 90
minutes. The gaseous suspension of TiO2 was then quickly cooled in the flues.
| The titanium dioxide pigment was separated from the cooled gaseous
products by conventional means. The recovered titanium dioxide pigment was then
35 treated by conventional pigment treatment procedures and ground to desired
texture. :
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Tid[err] vapor was heated to 415C and continuously adnitted to a

reacti on chanber. Sinmultaneously, Wheat ed to 1545[err] C was

conti nuously admtted to .the i on chanber through a separ at‘

inlet. The producti oA third seneabétestssﬂﬂattwﬁxéﬁlﬂedrwis performed. . THé e
Fenct At S ESuPH ol TI0s5 e e e kB B A S
i ni ti20 | ymixed. aAt adocasion approximately |45 fg¢t fmmrtbg pointwhere the gaseous TiQl400
PSi g al  and oxygen were initially contacted, high pressure nitrogen gas was added to the flue
through one or two nozzles. The valve arrangement allowed the use of both nozzles
simultaneously or individually. Nozzle #1 was designed to add 1000 pph of N3 at
- 1000 psig. It was located 457" from the pomt where the reactants were initially
25 contacted. Nozzle #2 was des:gned to add 3000 pph of N7 at 1000 psig. It was
located 45'10" from the point where the reactants were initially contacted. As
pressure changes, the N3 feed rate changes proportionally.
| (A) 38001b/hr of nitrogen at 950 psig and -25°C was added to the
: “reaction mass. This was ‘accomplished by adding the nitrogen
30 ' through both nozzles smultaneously, '
(B) 3150 Ib/hr of mtrogen at 1050 psig and -25°C was added to the
reaction mass.  This was accomplished using nozzle #2 only; and
(C) 1350 Ib/hr of mtrogen at 1350 psig and -25°C was added to the
reaction mass. This was aocomphshed by usmg nozzle #1 only

35
Evaluati _ | _
The quality of the products of the examples were evaluated using
conventional tests for titanium dioxide pigments as discussed above and summarized
in Table 1. The evaluations were performed using the oxidation base products from
40 the Examples. Results for “control” refers to titanium dioxide product that was
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A third segl ests simlar tp, Exanple 1 s perf d
productiom 14 ns Ti-q-r.i@i—per -h-o-mzﬂhe re ant}g]rearrss-gere '
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nozzl es. T%s>\0 micrans, angenent al | owed the use of both. nozzl es

si mul tgneoughytrel | Ndi vipdal | ypp.4l0zzl e #12@\@5 desi gnedygte adgy $000 m of

N2 at It was located 45' 7" fromthe point where the
reactants %Pg’ %“f’gﬁ%
25 8 232 (254) 207 (23.1) 245 238 23.7
CBU, control 107 113 10.7 10.5 10.6 10.6
CBU, test 108 124 (113) 119 (1070 107 108 10.7
25

Gloss change: control and test material from Example 1 were used to prepare a
corresponding finished pigment grade by coating both separately with a thin
alumina layer by appropriate surface treatment followed by filtration, drying and
~ micronization. The fractions >0.6 micron for control and test were 7.9 and 8.4%
- 30 respectively, and the corresponding emulsion gloss levels were 67 and 64
respectively. These results show that the test material was permanently made more
agglomerated by the procedure of this invention.

Having thus described and exemplified the invention with a certain
35 degree of particularity, it should be appreciated that the following Claims are not to
be limited but are to be afforded a scope commensurate with the wordmg of each
element of the Claims and equivalents thereof.
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Eval u@t i ofifinert gas. The quality of the products of the exanples
wer e eval uated Usi ng conventjonal tests for titanium dioxide pignents
as di scussed above and sunmarized = in Table 1. The eval uations were

perfor med usi ng the2.0Theéyrocess ofiChainr bbetein themetPgastib intFodutedes onBesul t s
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7 5 produced vmthout the addltlon of the inert gas. The results for the

exanqlses of the ]

In prior plant exper| eﬂé? E.ldg éti irdn?%‘e;%ﬁ%a? fsé@hogﬁgeﬁigaets _

can, to sahautdorboutd eeé]aftgggm{.lﬁlecoma@ the reastantsa| ue. For exanple, if
CBU decreases about 1 unit, there is an increase in %>0.6 m crons of
about 2% The 10 par thetical shown.faqr % >0, 6 Crons i

Exanpl es 2A and 2B ?.e‘;ﬁ&wes ﬁﬁﬁlteé'gmf% nereges F&P‘%ﬁﬁ?ﬂ"@‘ﬁ equal

that of t greupwonsisting of mittogenjehlofing,tcarbon dioxide; mixturescthetenf, aidogds t est f or

msu nt al n Mequalfﬁ? g?llg%m&gﬁ bﬁmh%l&aae,tddﬁ’m]nures%éﬂeﬂﬂ the test to

5. The process of Claim 4 wherein the inert gas is nitrogen and is
' added about 0.005 to about 0.5 pounds per pound of TiO; at about -200 to about
1000°C at about 50 to about 10,000 psig above reactor pressure.

- 6. The process of Claim 5 wherein the nitrogen is added about 0.01
to about 0.1 pounds per pound of TiO5 at about -20 to about 200°C at about 500 to
5000 psig above reactor pressure ' : :
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1. A chloride process for producing Ti(JQerr] conprising a vapor phase
reaction of at |east vaporous TiC[err] and an oxygen-containing gas in the
presence of 10 an inert gas. 2. The process of Claim1l
wherein the inert gas is introduced at one’ or nore points downstream
of where the oxygen and TiCJ[err] are initially contacted. 15 '

3. The process of Caim2 wherein the inert gas is introduced at

about 2 to about 200 feet after initial contact of the reactants.

4. The process of Claim3 wherein the inert gas is selected fromthe

group consisting of nitrogen, chlorine, carbon dioxide, mxtures thereof,
and gas 20 ‘mixtures rich in nitrogen, chlorine, carbon dioxide, and

~m xtures thereof - 5. The process of Caim4 wherein the
inert gas is nitrogen and.is added about 0.005 to about 0.5 pounds
per pound of Tierr] at about -200 to about 1000[ err] C at about 50
to about 10,000 psig above reactor pressure. 25 6. The
process of Caim5 wherein the nitrogen is added about 0.01 ~to about
0.1 pounds per pound of Ti(Jerr] at about -20 to about 200[err]C at about
500 to 5000 psig above reactor pressure
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