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UNITED STATES

Re. 18,854

PATENT OFFICE

.TOSEPH_ BLUMENYELD, OF NﬁUILLY-SUR-SEINE, FRANCE, ASSIGNOR, BY MESNE AS-
SIGNMENTS, TO KREBS PIGMENT AND COLOR CORPORATION, OF NEWARK, NEW

JERSEY, A CORPORATION OF DELAWARE

PRODUCTION OF TITANIUM DIOXIDE

Original No. 1,795,467,-dated March 10, 1931, Serial No. 251,258, filed February 2, 1928, Application for
reissue flled April 26, 1932. Serial No. 607,611,

This invention relates to a process for pre-
paring titanium hydroxide or oxide by the
hydrolysis of sulfuric acid solutions contain-
ing titanium at elevated temperatures.

These solutions are obtained, for instance,
by the action of sulfuric acid on titanium-
bearing ores such as ilmenite, rutile, or the
like. The preparation of such solutions is a
well-known step in the art and has been de-
scribed by me in Patent 1,504,669. Solu-
tions of this character usually contain iron
and may also contain various other impuri-
ties. '

The chemical composition of the solutions
in question may vary within wide limits, and
the precise chemical Linkage of the titanium
and sulfuric acid is not completely under-
stood. From such solutions, titanyl sulfate
(TiOS0,2H.0) may be crystallized under
certain conditions; but at the same time some
persouns are of the opinion that the titanium
1s present in solution as the normal sulfate.
Whatever the exact chemical compositions
may be, the fact is that the final equilibrium

of such solutions is directly proportional to

the concentration of the SO, and TiO, ions
present.

By proper chemical treatment the sulfuric
acid solutions of titanium may be caused to
undergo hydrolysis, with the resultant for-
mation of a precipitate of free titanium hy-
droxide or oxide and an attendant increase of
free acidity of the solution. It should be
noted, also, that the facts concerning the re-
lation between titanium hydroxide and tita-
nium dioxide are not completely known at the
present time. When titanium solutions are
treated chemically in a manner that should
ordinarily produce a metallic hydroxide, the
resultant product apparently undergoes g
transition during drying and when fully dr
is found to be titanium dioxide (T10,).
Hereafter, in the present specification and
claims, the hydrolysis product is referred to
as titanium dioxide. :

. In existing hydrolysis processes the solu-
tions of titanium oxide are brought to a pre-
viously determined acid concentration and
are then subjected to heating in various ways,
such as boiling at atmospheric pressure or in
autoclaves under elevated pressure, or in
bacuo in some instances; the volume being
maintained constant by refluxing or by add-
ing fresh water. In all cases the solutions
subjected to hydrolysis are true solutions and

possess the homogeneity which characterizes.

crystalloid solutions.

There is a wide variance in the physical and
chemical properties of titanium dioxide pro-
duced by hydrolysis, dependent upon the ex-
act conditions under which the hydrolysis
takes place. The object of the present in-
vention is to provide an improved hydrolysis
brocess, whereby titanium dioxide of con-
sistently uniform properties may be pro-
duced rapidly and in good yield. Another
object of the invention is to achieve this
favorable result in a solution of relatively
high concentration, so that the sulfuric acid
present and formed during the process may
be recovered and concentrated economically,
Other objects of the invention will become
apparent.

" The presence of iron in the solution to be
hydrolyzed does not interfere with the reac-
tion, but if much is bresent in solution the
precipitated titanium dioxide is likely to be-
come contaminated with iron. For this res-
son it is desirable to adjust the iron content
of the solution to be hydrolyzed so that it
does not contain more than 20-25 grams of
iron as ferrous sulfate per liter. This may
be done by simple crystailization of the fer-
rous sulfate, or by an improved process of
refrigeration as deseribed in my Patent No.
1,707,248,

In order that the present invention may
be appreciated, reference is made to an ex-
ample showing a method of hydrolyzing in
the ordinary way.
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A solution of titanium containing- 200
grams per liter of TiO, and 500 grams per
Liter of H.SO, free or combined with- tita-
nium is diluted cold to a concentration of 400
grarms Fer liter of H,SO, and 160 grams per
liter of TiO,. This diluted solution is then
beated to and maintained at a temperature
of 100° C. and gives by hydrolysis the very
low yield of precipitated Ti0, of about 30%,
the timo taken to obtain this ~yield being
about 24 hours. :

T have now discovered that the speed of
hydrolysis and quantitative yield of prod-
ucts may be increased and the quality of the

18,854

the solution regaihed its original appearance.
The temperature of the mixture was main-
tained at about 103° C. and the stirring was

continued. After about ten minutes tur- -

bidity was again observed and a few minutes
later the solution turned gray in color and
Ti0, commenced precipitating. The reac-
tion was complete in about three hours and a
yield of 95 % Ti0, was obtained.

The trend of the described reaction was
determined by observation and analysis and
the results for the first ten minutes after all
of the solution had been added are shown in
Table 1. i ,

recipitated TiO, may be improved if the

ﬁ drolysis of the crystalloid solution is car- Table 1

ried out in the presence of TiO, in colloidal

form. For example, if to the solution to be T
hydrolyzed as previously described there is Grams per liter
first added about thirty grams per liter of apinute ot ,
colloidal TiO, and exactly the same method resction | APPesrance of solution. -+ J10s | o Precip.
of hydrolysis is adopted, a yield of about 95% tution | 121481 | o,
Tj0, is obtained in about three hours. .

To achieve these favorable results one may . ot | on1
either add specially prepared colloidal ti1- B o) B2
tanium dioxide to the solution prior to hy-_ | Very siight cioudiness._..-| 84 40.8
drolysis, or one may conduct the hydrolysis § e A
itself in such a manner that an adequate ! Qlondy. s oemomrmer o e
quantity of colloidal Ti0, is produced in the R S TITTTiE| sue
solution prior to any actual precipitation of WhIL. o oemmiccemoemmom oo 8} %66

TiO,. This latter method is the most suit-
able for practical use and is illustrated by
the following example:

Example I

The titanium solution used for hydrolysis
was prepared by treating a titanium bearing
ore (ilmenite) with sulfuric acid. The re-
action product was dissolved in water and
sufficient scrap iron was added to react with’
the acid present and convert all of the iron
present to the ferrous form. The iron con-
tent of the solution was then reduced by
crystallizing the major portion of the con-
tained ferrous sulfate and removing it from
the solution. - ;

_The solutior had the followi;:lg composi-

tion:
Grams
per liter
T304 oo mmmmemmmmmmm. 190-210
Fe (ferrous)--—--- e 20— 25
72 <30 YO 500-550

This solution was concentrated until the
sulfuric acid, free and combined with titan-
jum (excluding the acid combined with the
iron) was about 600 grams per liter. - ,

100 ce. of this solution, heated to about
100° C., was added at a uniform speed with
stirring over a period of 4 minutes to 100 cc.
of boiling water. During the first quarter
minute of the addition a turbidity was noted,
but this disappeared almost immediately and

In the above table, the precipitated TiO,
was determined by the simple expedient of
filtering the solution.
in the filtered solution was determined by
first coagulating it by adding concentrated
hydrochloric acid, and then filtering. X

The data shown in Table 1 is also shown
graphically in Fig. 1, where the concentra-
fion of Ti0, is plotted against the time dur-
ing hydrolysis. Throughout the experiment,
the total weight of TiO. present naturally
remains the same. At the first state of the
reaction, all of the TiQ, is present in crystal-
loid solution. Curve A shows the progres-
sive increase in the total amount of Ti0, not
in crystalloid solution.
non-soluble TiO, is present in colloidal form.
However, when a certain point is reached—
i. e., at the juncture of curves A and B, the
amount of colloidal material present falls
off. Curve B shows colloidal material alone,
and ‘indicates how it decreases in amount
during the rest of the reaction. Obviously,
the difference between curves A and B shows
the amount of TiO, precipitated. It should
be noted that Fig. 1 shows only the first few
minutes of the reaction. As the hydrolysis
proceeds further, curve A rises to approach
the total concentration of TiQ, present, and
curve B drops off. In other words, the
amount of precipitated TiQ, increases and
the quantity of colloidal TiQ, decreases.

The reaction occurring during the first few

The colloidal TiO.

At first all of the

70

5

80

86

100

105

110

115

120

130




o

10

20

25

30

18,854

minutes determines the yield and speed of
hydrolysis and the quality of the resultant
product. At the same time, this initial re-
action is controlled by temperature, speed
of mixing, and other variables.

The rapidity and high yield of the hy-
drelysis described in Example T is best
understood in conjunction with Fig. 1, in
which the course of the reaction is charted.

Under the conditions of the reaction, col-
Ioidal T10. is formed immediately on con-
tacting the solution with water, This is
shown clearly on Fig 1, for at the end of the
period of introduction there is already pres-
ent about 20 grams per liter of colloidal ma-
terial. At low acid concentrations, such as
prevail when only a part of the solution has
been added to the water, the tendency to
hydrolyze - is the greatest,—the reaction oc-
curring at very low temperatures.

As a result of my experiments, I have de-
termined that it is the presence of an adequate
quantity of colloidal TiQ, in the mixture that

causes the improved yield and rate of hy-

drolysis. The exact manner in which the
colloidal phase promotes the precipitation is
not known. Presumably, the titanium in
crystalloid solution must pass through the
colloidal phase before precipitation. ‘Wheth-
er the presence of a large quantity of collnid
promotes this reaction through a simple
transfer, in accordance with the mass low,

. Or as a contract catalyst, is not known.
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If the hydrolysis deseribed under Example
Iis repeated in the same manner except that
a lesser quantity of solution is added to the
water, the rate of addition remaining uni-
form, the hydrolysis will oceur in the same
way except that it will be completed in a
shorter time.

In Fig. 2 there is shown a curve of hydroly-
sis in which 60 cubic centimeters of titanium
solution was added to 100 cc. of water, as in
Example 1. ’

Both the final yield of TiO, from hy-
drolysis and the quality of the material for
pigment purposes, after calcining, is affected
by the final acidity of the solution hydro-
lyzed. In turn,the final acidity is, of course,
and expression of the concentration at which
the hydrolysis is effected. In Example IIT,
below, a series of hydrolyses of titanium solu-
tions at varying final acidities is shown.

Eaample 177 ‘

Tests A, B, Cand D expresesd below were
all based on the introduction of a titanium
solution similar to that described in Ex-
ample I into 100 ce. of boiling water at a
uniform rate of mixture. The data is ex-
pressed in tabular form, and it will be noted

3

that the hydrolysis at the highest acid con-
centration (test D) gave the best yield.

Final acidity
at end of
hydrolysis

Time of
addition

Volume solu-

Test tion added

Cubic

Grams per
centimeters

Min, See. liter
45

200
300

B A =
12
288
[

S 00 W D

Analysis of mether
Time of analy- liquor—g/1
is after intro-

duction

Test Yield

of TiO;

Fe TiOz | H:804

~ Hours Percent
85
84
.85
88.5

13 215
19 297
23.2
19,8

BRER |
1o 0000

The TiO, produced by these experiments
was washed, dried and calcined at 970° C,
after which its pigment properties were test.
ed. The TiO, from test D was found to be
generally superior in pigment qualities over
the other samples,

Example IV

~_The development of an adequate colloidal
phase in the solution, prior to precipitation,
depends in part on the speed with which the
titanium
This is illustrated in the table of tests re-
ported below. In each case, 250 cc. of the
solution mentioned in Example T was added,
hot, with stirring to 100 cc. of water, and the
reaction was completed as described in Ex-
ample L.

-

: Time of| . Analysis of mother
T;glgi_o analysis liquor g/1
Test tion in |, Dours Yield of
- min- [after in- TiO2
utes | 00U po | mig, | mLg0,
Per cent
6 2 43.71 76.2 415 57.0
10 2 4.2 19.8 408 88.5
14 2 44. 5 22,6 400 87.0
18 2 45.5 26.8 425 85.0
26 2 50,8 38.0 418 77.0
34 134 53.6 | 110.0 432 | 35.0 (unfil-
terable
colloid)

The table clearly indicates that most fa-
vorable results are attained with a solution
of this concentration when the addition oc-
curs at a rate of about 4-6 minutes per vol-
ume of solution added to a volume of water.
Higher speeds, as in “E”, give lower yield
and incomplete hydrolysis, due to the fact
that an adequate colioidal phase is not
formed. If the solution is added at a speed
less than the optimum, there is a gradual
diminution in yield until, as in the case of
“I” and “J”, a’considerable amount of pre-
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civitation occurs before all of the solution is
added. '

In practicing my hydrolysis process I
usually work with titanium solutions hav-
ing a “free acidity factor” of about 90%;
that is, solutions containing 2 quantity of
in excess of the amount
required to react with all of the titanium
present to produce titanyl sulfate. The rea-
son why solutions of this character are used
is a practical one, but it has nothing to do
with the present process. In the extraction
of titanium from its ores, such as ilmenite,
it has been found that the most rapid and
satisfactory results are secured if the amount
of sulfuric acid used is 90% in excess of the
amount required to produce titanyl sulfate.
The solutions used for the hydrolytic pre-
cipitation of TiO; are usually obtained from
this source and are hence used at a free acid-
ity predetermined by other considerations.

The “factor of free acidity” described in
no way limits my process, which can be per-
formed with equal satisfaction, and without
change, in solutions having a free acidity
factor of less than 90%. Titanium solutions
practically neutral in character may be pre-
pared if care is used, and these solutions
may be hydrolyzed in the same manner. On
the other hand, solutions with a free acidity
factor of over 90% may also be used.

Much more important than the free acid-
ity factor is the total or final acidity of the

hydrolyzed solution expressed as sulfuric
be equal to the free

acid. This acidity will

acid originally present prior to hydrolysis,
plus the acid produced during the hydrolysis
as the result of the precipitation of Ti0,. In
the industrial production of TiO., it is nat-
urally desired to conduct all of the opera-
tions at as high an acid concentration as pos-
sible so that the acid recovered from the
process may be concentrated and re-used at
2 minimum expense. In fact, one of the ob-

jects of the present invention is to permit:

successful operations at a higher acid con-
centration than that known in the art.

Tor several practical reasons, it is desir-
able that the final acidity of the hydrolyzed
solution should be in the neighborhood of 400
grams per liter. One of these reasons is the
economical one given above. Another is
based on the fact that the best recovery of
the Ti0, is obtained at this concentration,
as was shown in Example IIL However,
Example IIT also shows that my improved
process is operative at final acidity concen-
trations below 400 grams per liter.

On the contrary, it is not advisable to oper-
ate the process at acid concentrations much
above 400 grams per liter because of the tend-
ency of more concentrated solution to crys-
tallize out part of the contained titanium
culfates and a further tendency of the TiO,
to re-dissolve in the acid present.

18,854

The final acidity of the hydrolysis mix-
ture is, of course, independent of the precise
quantities of titanium solution and water
mixed. For example, instead of adding four
parts of a mixture containing 600 grams of
H,SO, per liter to two parts of water, the
same final acidity may be produced by add-
ing five parts of a solution containing 480
grams of H,SO; per liter to one part of
water. :

1£, instead of using the concentrated solu-
tion referred to in Example I, it is preferred
to use directly the solution containing about
500 grams of sulphuric acid per liter of solu-
tion, the proper end concentration of about
400 grams of sulphuric acid per liter may be
obtained by adding the original solution to
about one quarter of its volume of water. In
this event, it is preferable to add the solu-
tion at a faster rate, per volume of solution
added to a volume of water.

Titanium solutions originally containing
considerably less than 600 grams per liter
of sulfuric acid may be hydrolyzed in ac-
cordance with my process. In general, more
dilute solutions are more easily hydrolyzed
and at lower temperatures. On adding a
small quantity of such solutions to hot water,
colloidal TiQ, is formed in the same man-
ner, and by the same procedure of continu-
ing the addition gradually over a period of
several minutes the production of colloidal
particles of TiO,, prior to actual precipita-
tion, is effected. This fact was llustrated,
indirectly, in Example IIT, where the final
concentration of acid in the mixture was con-
siderably less than 400 grams per liter.

However, the use of titanium solutions
containing less than 500-600 grams of sul-
furic acid per liter, prior to admixture with
water, is unnecessary and impractical in in-
dustrial operations, since the handling of
larger volumes of liquid and the additional
cost attendant on the concentration of very
dilute acid for re-use serves no useful pur-
pose. ,

While I prefer to conduct my process in
the manner described in the examples by
producing colloidal TiO, in the solution to
be hydrolyzed before actual precipitation
takes place, my invention is not so limited.
I may, alternatively, add colloidal TiO. to
a solution of titanium in sulfuric acid and
then heat the mixture to cause hydrolysis.
For example, I may produce a solution rich
in colloidal TiQ, in the manner described in
Example II and render such a solution stable
by merely cooling it when it has reached a
maximum concentration of colloidal parti-
cles, before any actual precipitation bas taken
place. This solution may then be mixed with
a solution containing 200 grams TiO, and
500 grams H,SO, per liter in such propor-
tions that the mixture will contain about 30
grams per liter of colloidal TiQ,. The mix-
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ture is then heated to a temperature of about
100° for three hours, whereupon the hydrol-
ysis is complete.

The titanium dioxide produced by my hy-
drolysis process is removed from the mix-
ture by decantation and filtered, after which
it is washed to remove acid, and is dried.
The dry TiO, may be treated in various ways.
For the preparation of pigment,- it is cal-
cined for about a half hour at a temperature
of 950-1,000°. The resultant product is a
tough granular material which may be con-
verted into an excellent white pigment by
grinding.

While I prefer to use ordinary hot water
for the purpose of hydrolyzing titanium solu-
tions, I may, alternatively, employ dilute so-
lutions containing titanium in place of wa-
ter. Such solutions of lesser concentration of
titanium are obtained, for example, as wash
water from other process steps and by re-use
in the manner described the loss of titanium
in the plant may be avoided. In the append-
ed claims, I have used the expression “solu-
tion of lesser concentration” as including
both pure water and wash waters or other
dilute solutions.

I claim:

1. In a process for preparing titanium di-
oxide by combining a solution of a titanium
salt with a solution of lesser concentration,
the step which comprises slowly adding at an
elevated temperature the titanium solution
to the solution of lesser concentration while
agitating the mixture so that colloidal par-
ticles of titanium compound are produced
prior to actual precipitation. .

2. The process of precipitating a titanium
oxygen compound by hydrolysis which com-
prises heating to hydrolyzing temperatures
a titanium salt solution which contains more
colloidal titanium compound in solution at
the time actual precipitation begins than a
titanium salt solution containing the same
amount of total titanium and total acid rad-
icals when prepared cold and heated to the
point where actual precipitation begins.

3. The process of precipitating a titanium
oxygen compound by hydrolysis which com-
prises heating to hydrolyzing temperatures a
titanium sulfate ‘solution which contains

* more colloidal titanium compound in solution

55

60

at the time actual precipitation begins than a
titanium sulfate solution containing the same
amount of total titanium and total acid rad-
icals when prepared cold and heated to the
point where actual precipitation begins.

4. In a process of preparing titanium di-
oxide by combining a solution of a titanium
salt with a solution of lesser concentration,
the steps which comprise adding the titaniom
salt solution to the solution of lesser corcen-
tration at an elevated temperature while agi-
tating the mixture and regulating the rate of
said addition to produce a solution which at

5

the time actual precipitation begins contains
more colloidal titanium compound in solution
than a solution containing the same amount
of total titanium and total acid radicals when
prepared cold and heated to the point where
actual precipitation begins.

In a process of preparing titanium di- ,

oxide by combining a solution of titanium
sulfate with a solution of lesser concentration,
the steps which comprise adding the titanium
sulfate solution to the solution of lesser con-
centration at an elevated temperature while
agitating the mixture and regulating the rate
of said addition to produce a solution which
at the time actual precipitation begins con-
tains more colloidal titanium compound in
solution than a solution containing the same
amount of total titanium and total acid radi-
cals when prepared cold and heated to the
point where actual Pprecipitation begins..

6. In a process for preparing titanium di-
oxide by combining a solution of titanium
sulfate with a solution of lesser concentration,
the steps which comprise adding at an elevat-
ed temperature the titanium sulfate solution
to the solution of lesser concentration, while

- agitating the mixture, over a period of a few

minutes at such a slow rate that a colloidal
titanium compound is formed in the solution
in gradually increasing amounts until the
completion of the addition and prior to be-
ginning of actual Pprecipitation. ‘

“ 7. In a method of producing-titanium di-
oxide which comprises mixing without diffy-
sion a titanium sulfate solution with a dil-
uent, the steps of maintaining the tempera-
ture at about 100° C. and higher, adjusting
the concentrations of the combining solutions
to produce an acidity at the end of the hy-
drolysis corresponding to from about 200 to
420 grams per liter of H,S0,, free and com-
bined with TiO,, and effecting the addition
in between 2’ 45" and 18’, and heating the
mixed solution to effect hydrolysis.

8. In a process of hydrolyzing a titanium
sulfate solution which produces a yield of
about 85% and more of the titanium com-
pound_content of said solution and which
comprises mixing without diffusion g solu-
tion of titanium sulfate with g diluent, the
steps of maintaining the temperature, concen-
trations and rate of said combining within
the range comprising temperatures in the
neighborhood of 100° C. and higher, concen-
trations of the combining solutions to produce
an acidity at the end of the hydrolysis cor-
responding to from about 200 ‘to 440 grams
per liter of H,S0,, free and combined with
Ti0, and the addition to between 9’ 45’ and
187, selecting and controlling the aforesaid
factors to produce the above yield, and heat-
ing the mixed solution to effect hydrolysis.

9. In a process of hydrolyzing a tifanium
salt solution according to claim 1, the steps of
combining said titanium salt solution with a
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solution of lesser concentration and effecting
hydrolysis of the mixed solution under con-
ditions which produce a yield of at least 85%
of precipitateg titanium oxygen compound,
said conditions having been established by

-combining a similar titanium salt solution
with a similar solution of lesser concentration

at various rates of addition and at various

‘temperatures, and determining in each in-

stance the yield of precipitated titanium
oxygen compound when boiling the mixture
for three hours. SN S

10. The process of hydrolyzing a titanium

sulfate solution comprising slowly adding at- dioxide, to 40%

an elevated temperature a titanium sulfate
solution to a solution of lesser concentration
while agitating the mixture and heating the
mixture, the combining of said solutions and

heating to effect hydrolysis being effected .
‘ander conditions which produce 2 yield of at
least 85% of precipitated titanium oxygen
_compound, said conditions having been estab-

lished by combining a similar titanium sul-
of lesser
concentration at various rates of addition

~and at various temperatures, and determin-

30 -
.oxide which comprises as one of its steps com-
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ing in each instance the yield of precipitated

titanium oxygen compound when boiling the

mixture for three hours. - : o
11. In a process of preparing titanium di-

bining a solution of a titanium salt with a
diluent, the steps which comprise mixing the
titanium salt solution with the diluent while
agitating the mixture and regulating the rate
and conditions of mixing to produce a sub-
stantial amount of titanium compound in
colloidal solution prior to actual precipita-
tion and heating the solution to effect hy-
drolysis. = :

12. Tn a process of preparing titanium. di-
oxide which comprises as one of its steps com-
bining a solution of titanium sulfate with a
diluent, the steps which comprise mixing the
titanium sulfate solution with the diluent
while agitating the mixture and regulating

the rate and conditions of mixing to produce -

a substantial amount of titanium compound
in colloidal solution prior to actual precipita-
tion and heating the solution to effect hy-
drolysis. ' S

18. Tn a process of preparing titanium di-

“oxide by combining a solution of titanium

sulfate with a solution of lesser concentra-
tion, the steps which comprise adding at an
elevated temperature and titanium sulfate
solution to the solution of lesser concentra-
tion while agitating the mixture and regulat-
ing the rate of said addition to produce at
least 20 grams per liter of titanium com-

pound in_colloidal solution prior to actual

precipitation.
14. In a process of preparing titanium di-

oxide by combining a solution of titanium
sulfate with a solution of lesser concentra-

. plete.

18,854

tion, the steps which comprise adding at an
elevated temperature the titanium sulfate
solution to the solution of lesser concentra-
tion while agitating the mixture and regu-
lating the rate of said addition to produce at
least 16% _of the total titapium. compound
present in colloidal form prior to actual pre-
cipitation. : : o o
15. The process for the production of
titanjum dioxide which comprises slowly

70

75

adding with agitation a sulfuric acid solution .~ -

of titanium, containing about 600 grams per
liter of acid and about 220 grams of titanium
of its volume of water at an
tlevated temperature over a period of about
10  minutes, and heating said mixture until
precipitation is effected. .

16. The - process for: producing colloidal
TjO, particles in a titanium sulfuric acid
solution which comprises slowly adding said
solution to a solution of lesser concentration
at an elevated temperature and agitating the
mixture during said addition. : N

17. The process for preparing titanium di-
oxide by combining four parts of a solution
containing approximately 200 grams TiO,
and 500 grams H,SO, per liter with one part

of water which < comprises  adding the

titanium solution to the water at an elevated
temperature so that- colloidal
Ti0, are produced, the mixture being mean-
while agitated, and heating the mixture until
precipitation is effected. ‘ _

18. The process for producing hydrolyti-
cally precipitated titanium dioxide “which
comprises slowly combining a titanium sul-
fate solution with a diluent at an elevated
temperature, the mixture meanwhile being
agitated to preserve a substantial homoge-
neity, whereby colloidal titanium dioxide is
slowly
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formed in a solution. of slowly in-
creasing concentration of sulfate ions, -and.

heating the completed admixture until hy- '

drolysis is substantially complete.

19. The process for producing hydrolyti-
cally precipitated titanium dioxide which
comprises slowly adding a titanium sulfate
solution to a
ture, the mixture being agitated to promote
homogeneity, and heating the completed mix-
ture until hydrolysis is

90. In a process of preparing titanium di-

oxide by combining a solution containing a

titanium salt with a diluent at an elevated
temperature, the steps which comprise add-
ing a concentrated solution of titanium sul-
fate to the diluent while agitating the mix-
ture at such a rate that after the initial tur-
bidity, the solution will remain clear for
about 10 minutes after the addition is com-
pleted. , '
91. In a process of preparing titanium di-
oxide by combining a solution containing a
titanium salt with a diluent at an elevated
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diluent, at an elevated tempera- -
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subst@ntially com- .
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temperature, the steps which comprise add-
ing a concentrated solution of titanium sul-
fate to the diluent while agitating the mix-
ture at such a rate that after the initial tur-
bidity, the solution will remain clear for
about 10 minutes after the initial turbidity
had disappeared.
witness whereof, I affix my signature.
JOSEPH BLUMENFELD.



