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This invention relates to a new and improved process
for the preparation of fibrous and water-insoluble alkali
metal titanates and to certain new fibrous alkali metal
titanates. More particularly this invention relates to a
new and improved process for preparing fibrous and
water-insoluble alkali metal titanates which can be car-
ried out at atmospheric pressure and to certain new fi-
brous alkali metal vtitanatc,s prepared therein.

This application is a continuation-in-part of my U. S.
patent application Serial No. 490 425, filed February
24,1955, now abandoned.

Water-soluble or water-sensitive alkali metal titanates
have been reported in the titanium literature. These ti-
tanjum compounds are generally prepared by fusion of
an alkali metal hydroxide or carbonate with titanium di-
oxide and generally have the formula MzTi,,Oz,,H where
M is an alkali metal such as sodium or potassmm and 7 is
1,2, 0r 3.

Recent investigation in the chemistry of alkali metal
titanates has revealed that water-insoluble and fibrous
titanates are obtained when an alkali metal hydroxide
or carbonate is reacted with titanium dioxide under
aqueous conditions at elevated temperatures and pres-
sures, particularly above the critical temperature and
pressure of water. The alkali metal is one that has an
atomic number of at least 11, i. e., sodium, potassium,
rubidium, and cesium, and the titanate thus obtained has
the value of » in the above formula of substantially 6.
These new titanates have unusial stability to aqueous
solutions of acids, alkalies and to halogens. The fibrous
character is useful in applications of reinforcement or in-
sulation which require the inertness and physical proper-
ties of an asbestos-like material.

The process of obtaining these novel fibrous titanates
has heretofore required conditions wherein water is pres-
ent above its critical temperature and pressure as de-
scribed by Gier, Salzberg and Young in their U. S. pat-
ent application Ser. No. 458,279, filed September 24,
1954, This process makes special demands upon appa-
ratus for effecting the reaction since pressures of the
order of 1000-4000 atmospheres at temperatures of .400°
to 700° C. are employed. ‘

It is an object of .this. invention to provide a new and
improved process for the preparation of.fibrous and
water-insoluble alkali metal titanates. A further object
is to provide a new process for preparing fibrous and
water-insoluble alkali metal titanates which does not re-
quire high pressure equipment but can be carried out at
atmospheric pressure. A still further object is to pro-
vide a novel process for preparing fibrous and water-in-
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soluble alkali metal titanates which can be carried out
in a continuous manner in relatively simple equipment.
Another object is to provide a novel and improved proc-
ess for increasing the rate of formation of fibrous and
water-insoluble alkali metal titanates. An important ob-
ject is to provide hew fibrous alkali metal titanates, par-
ticularly fibrous potassium tetratltanates Other objects
will appear hereinafter.

These and other objects of this invention are accom-
plished by the following process for preparation of fi-
brous and water-insoluble alkali metal titanates which
comprises heating an alkali metal chloride. or fluoride or
a mixture thereof to a molten state at a temperature of
generally not higher than 1200°. C., the alkali metal in
the alkali metal halide having an atomic number of at
least 11, dissolving in said molten alkali metal halide ti-
tanium dioxide or a non-fibrous alkali metal titanate of
the general formula MyTi,Ogp.1, i €, M2O-(TiOg)p
wherein #n is 4 or 6 (i. e., corresponds to the formula
M,0:(TiOs)s,, wherein m is an integer of value 2-3)
and M is an alkali metal having an atomic number of at
least 11, maintaining at least a portion of said molten
alkali metal halide saturated with dissolved titanium di-
oxide or non-fibrous alkali metal titanate as fibrous alkali
metal titanate is formed therein, and separating the thus
formed fibrous and water-insoluble alkali metal titanate
from said alkali metal halide. Among the fibrous alkali
metal titanates prepared by the novel process. of this in-
vention are new fibrous metal tetratitanates of an alkali
metal having an atomic number of at least 11 and par-
ticularly fibrous potassium  tetratitanates and fibrous
water-extracted potassium tétratitanates.

Ina preferred embodiment of this invention the hot-
test portion of thé molten alkali metal chloride or. flu-
oridé or mixture thereof is maintained at a temperature
no ‘higher than 1200° C. ‘and there is maintained a
cooler portion in the molten alkali metal halide at a"tem-
perature of at least 5° C. lower than said hottest por-
tion. At least the cooler portion of the molten alkali
metal hahde is maintained saturated with -dissolved non-
fibrous alkali ‘metal titanate so that fibrous alkali metal
titanate ‘is crystallized out in said cooler portion. Addi-
tion to the molten alkali metal chloride of the corre-
sponding alkali metal fluoride increases the rate of for-
mation of the fibrous alkali metal titanate. }

When the amount of fluoride in the bath does not ex-
ceed 20%, the fibrous titanate produced is the hexa-
titanate, i. 6., MgO-6TiO, wherein M is an alkali metal
having an atomic number of at least 11. When the
alkali metal fluoride content of the bath is higher, e. g.,
35-100%, the fibrous titanate consists generally of the
tetratitanate, 1. €., My0-4TiOy or M,Ti;Op wherein M
is an alkali metal having an atomic number of at least

1.” It is particularly preferred that the bath contain
10-65% of the alkali metal fluoride, i. e., 10-20% for
the fibrous hexatitanate and 35-65% for tetratitanate
fiber production. The fibrous titanates are preferably
separated from the alkali metal halides by dissolving the
latter in water. Long treatment with hot water of the
fibrous tetratitanate lowers the alkali metal content of
the latter and converts it to .a new fibrous -product
characterized by different X—ray diffraction pattern, lower
alkali metal content, and superlor fiber characteristics.:

In effecting the preparation of the fibrous alkali metal
titanates, the non-fibrous titanate can be .charged into
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the molten hahde 1 e., chlorlde or fluoride, or mixture
thereof, or the titanium dioxide (TiOy) and a source of
the -alkali metal oxide (M,0O), such as ‘the carbonate
(M;CO;), can be introduced .into the molten halide.
When the latter method is employed the ratio of titanium
dioxide to alkali metal oxide is at least 1:1 and less than
12:1 and preferably between 2:1 and 8:1.

The following examples, in which the parts are by
" weight, and ratios are generally molar ratios of the indi-

cated effective. reactant. compounds, further illustrate the

preparation of the fibrous titanates - thI’OHUI treatmenf
W]th molten alkah rnetal hahde S

Exa‘mple I:

Frbrous rystals of potassmm hexatltanate
Lot (K307 TiOz= 1/6)

‘prepared from potassium hydrox1de/t1tamum dioxide: re-
action (mol ratio=3/1) by ‘heating 1.5 hours at 450°
C. and:1000.atmospheres in the presénce of water (the

s process. of Gier, ‘Salzberg and 'Young U. S. patent appli-

cation . Serial. No.'. 458,279, ‘filed - September 24, 11954)
wefe. melted ‘at 1450° C.. and cooled slowly. By this
meltmg and. cooling ‘treatment, the fibrous character was
destroyed and a coherent crystalline mass was obtained
in which the crystals were rod-like needles up to about
0.1 mm. long and about. 0.1 mm. -thick with no fibers
present.

"One part of this non-fibrous. crystal mass was placed
in “about 50 parts- fused botassium chloride at about
800-850°.C. " ‘Most .of the potassmm titanate remained
" as: an insoluble solid phase in the potassium. chloride
nielt.. The. melt was. solidified - by cooling-and placed in
500. parts .of water: to- dissolve the potassium chloride:
Fibers of potassium titanate were suspended in the
aquéous:-solution. -The potassmm hexatitanate needles
which remained undissolved in ‘the potassium chloride

melt and in water had fibers protruding from their sur- -

faces partxcularly at the ends of the needles
‘ Example II

Twenty-ﬁve parts of potassmm chlonde was melted by
heating ‘to '900=1000° C., 0.7 paft of potassium carbo-
nate was’ dissolved in the melt ‘and’ over a penod of 3
hours, 1 125: parts of tltamum d10x1de '

(KQO/TIOQ 1/2 8)

was added m small mcrements Between each addmon, )

the melt was heated momentarily -to about.1200°: C.

. After completion of the titanium’ dioxide addition, the
melt was. cooled slowly to room temperature and added
to 300 parts of water to dissolve potassium chloride.
The 1.328 part (83% -vield). ' which -was insoluble in .the
water contained fibers ranging up to 0.5 mm. in length
- and’ about 1 ‘micron in thickness. 'Treatment of this
product -with:1/1 “hydrochloric acid/water at 100° C.
left 0.303 part (22.8% -of the water-insoluble product)
of fibers  which gave :the same X-ray- diffraction pattern
as the corresponding fibrous: titanates: prepared . by -the
use ‘of - water as: indicated in the: introductory-portion of
Example I (i. e.-by the process of Gier,:Salzberg and
Young, U. S. patent apphcatlon Senal No 458 279)

Example ur B

A mixture of 0659'part of titanium dloxrde 0:362
part: of 85% -potassium - hydrox1de (KZO/Txoz 1/3)
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melt from the potassium titanate which dissolved at the
bottom of the melt and migrated to the top. These were
withdrawn about every hour over a period of 32 hours.
During this withdrawal, the fibers displayed a-tendency
to spin into fine threads in which the individual filaments
were ‘about 1 micron in thickness and up to 3-4 mm.
long.

The fibrous product ‘was suspended in water, filtered,
washed free of potassium chloride with water, and dried
to obtain 0.250 part of a colorless fiber mass. This con-
tained by analysis 45.03% titanium and  13.1% po-
tassium. - Its X-ray diffraction pattern was identical with
that of the fibrous product of Example II. - The residual
potassmm titanate was isolated from the melt by freez-
ing and water washing and comprised 0.523 part of a blue
coherent mass of non-fibrous needles.

Example v

A mixture of 1891 part of titanium drox1de, 1039
part.85% potassium hydroxide (KzO/Tloz—l/ 3) and 70
parts potassium chloride was héated in a vertical tube so
that the temperature of the melt was 1050° ‘C. at- the
bottom and 900° C.-at'the top. ~ Fibers of potassium
titanate which formed in the top of the melt were with-
drawn intermittently during 40 hours. The product was
pressed-at-about 850°-C. to remove most of the potas-
sium chloride and then heated 3. hours at 1200°C. in an
air stream to‘evaporate the remaining potassium chloride.
There  remained 1.3-'parts of potassium- titanate  fibers.
The latter contained-48.9% -titanium and 13.4% potas-
sium corresponding to ‘the formula K4TigO;s. Charac-
teristic X-ray diffraction: -pattern- corresponding to that
of Example H was obfamed on- the ﬁbers

Example V

Titanium dioxide and potassmm carbonate in 5:1 molar
proportions, respectively, were ‘reacted by meltmg at
1400° C. A colorless- fiiass "of needlehke non-fibrous
crystals was obtained on cooling. “This material (6.476
parts) was placed in apprommately 100 parts of molten
potassium chloride contained in a vertical tubular vessel
which was heated so that the temperature was 1090-1115°
C. at the bottom and 980-1040° C. at the top. .

Fibrous crystals grew contmuously in the fop of the
melt. and were removed 1nterm1ttently durmg 69 hours.
Potassium chloride was added to the melt to replace that
occluded to the removed fibrous product -Potassium
chloride was removed from the fibers by expressing the

_major part at 850° C. and evaporating the remainder

during 3 hours in-an air stream at 1200° C. leaving 3.98
parts of fine fibers. . The starting ..material which re-
mained in the melt was 1.836_parts.  The fibers con-
tained 50.04% titanium, 12.5% potassium. - The X-ray
diffraction pattern of the product - indicated that it com-
prlsed mostly KZT16013

_ Example VI

The process. of Example V was repeated except that
the starting alkali metal compound was 5 parts of the

- corresponding sodium compound- instead of potassium

and 30" parts- of potassmm chloride " was; heated in a :

vertical tubular Vessel'in such 2 manner that the tempera:

ture was 1075° C. at the bottom and 925°°C. at the top:

70 -

The potassium -titanate from- reaction of the ‘potassium

hydroxrde and titanium dioxide fell to the bottom of the
melt in the hottést zone and fibers. of: potassiom titanate
formed continuously in the top or coolest part ‘of the

75

titanate and sodium chloride was substituted for potas-
sium chloride. . The fibrous product was rémoved inter-

- mittently from.the melt daring 80 hours and showed a

tendency to spin to-.fine- threads when withdrawn from
the melt. The fibrous prodict was-washed free of
sodium chlorlde w1th water drled and found to com--
pnse 3. 35 parts B

Example VII

Flve parts of preformed non-fibrous potassmm utanate
as -employed in Example V. was.placed in the hottest
zone, at about 1100° C., of 180 parts of a molten mix-
ture of 90% by weight potassmm chlorlde and 10% po-
tassium fluoride,
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Fibrous crystals were deposited rapidly in the coolest
zone of the melt (at about 850-1050° C.) and were re-
moved almost continuously during 4 hours. This mate-
rial was extracted and washed with water, dried and
found to comprise 4.55 parts, 84% of which was fibrous
and inscluble in 4 N hydrochloric acid at 100° C. These
contained 49.63% titanium and 13.2% potassium corre-
sponding to K,0/TiOy,=1/6.1. The fibrous . products
contained substantially no halogen.

Example VIII

A mixture of 4.794 parts of titanium dioxide and 1.382
parts potassium carbonate (K;O0/TiO;=1/6) was fused
at 1500-1600° C. and the non-fibrous potassium titanate
product crystallized to needies by cooling.

One hundred and twenty parts of potassium chloride
was added and the process of Examples III-VII con-
ducted. During 94 heurs, 5.4 parts of a product were
removed from the melt, of which 94% were fibers in-
soluble in 4 N hydrochloric acid at 106° C,

Example 1X

This example illustrates a substantially continuous
process for the reiatively large scale production of the
fibrous titanate.

The reaction vessel was of graphite, had an inside
diameter of 62" and was 10" deep. A 34’ thick
graphite baffle was pesitioned vertically such that it ex-
tended from the top of the vessel to 2’/ from the botiom
and approximately 1% " from a side wall, thus providing
a small and large compartment. The total working
volume of the vessel was 4 liters (about 0.14 cu. ft.).
The vessel was heaied by means of an electric arc struck
between a graphite electrode outside of the vessel and
the central portion of the bottom of the vessel.

To the smaller chamber of the vessel was charged a
quantity of non-fibrous potassium titanate (containing

48.2% Ti and 13.5% K, equivalent to a molar ratio

of about Ti0,:K;0 of 5.8:1) made by the solid state
reaction of finely divided potassium carbonate with ti~
tanium dioxide at 800-1000° C. A vibrating feeder was
used to add substantially continuously to the smaller
chamber of the vessel a solid mixture of potassium
chloride (90% ) and potassium fluoride (10%). The
mixed salt was added through-out the run at a rate suffi-
cient to maintain the level of the liquid salt near the top
of the graphite vessel. More non-fibrous potassium ti-
tanate was added at intervals as needed to replace mate-
rial removed as fibers.

The net movement of materials through the vessel
was downward in the smaller chamber and upward in the
larger chamber. Thus, in the smaller chamber, solid
salt was converted to liquid salt at the top of the vessel
and solid non-fibrous potassium titanate dropped through
the liquid salt to the bottom of the vessel when it passed
under the baffle and slowly dissolved in molten salt at
a temperature of 1100 to 1150° C. In the larger cham-
ber a semicircular horizontal baffle 3’” in radius and 4"
thick was attached at right angles to the vertical baffle
at a point 4 from the bottom of the vessel. ¥n this
chamber, the molten salt containing dissolved potassium
titanate at 1100-1150° C. diffused around the horizontal
baffle into the upper portion of the chamber. The sur-
face of the liquid salt in the larger chamber was at a
temperature of 9060-950° C., and in this region the melt
became supersaturated with potassium titanate. Here
fibrous potassium titanate crystallized from the melt on
the walls and at the surface of the larger chamber and
was collected from the melt almost continucusly.

In 32 hours of continuous operation, 275 1bs. of mixed
salt (90% KCl, 10% KF) and 4.0 1bs. of non-fibrous
potassium titanate were added to the smaller chamber
of the vessel. In this same period salt and fibrous po-
tassium titanate with a combined weight of 263 1bs.
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6
wefe{removed‘. Most of this 263 1bs. represents salt en-
trained by the sponge-like mass of fibrous potassium tita-
nate. R

A 249.5 1b. portion of the recovered fibers-in the salt
matrix was leached with water until the effluent water
gave no test for chloride ion. - The salt-free fibrous po-
tassium hexatitanate was then collected in a basket cen-
trifuge, washed with water and dried. The dry fibers
weighed 3.5 lbs. They were further purified by ex-
traction ‘with hydrochloric acid. Finally, carbon from
the vessel entrained by the fibers was burned out during
24 hours at 600° C. to leave a nearly white product. In
this experiment fibers were produced at the rate of 0.85
Ib./cu. ft./hour or 13.7 g./1./hour.

Example X

A mixture of completely anhydrous potassium car-
bonate (3.46 parts), titanium dioxide (12 parts), po-
tassium fluoride (76.7 parts) and potassium chloride
(64.7 parts) in respective molar proportions of
1/6/48/32 (corresponding to weight proportions of
1/3.3/22/18 and to weight ratio of KF/KCl of 54/46)
was heated in a platinum vessel to 1020° C. to obtain a
clear homogeneous melt. ‘The melt was cooled slowly
and fiber formation started at about 975° C. The melt
was cooled to room temperature.” Loss of the halides by
volatilization amounted to 10.6 parts. The product com-
prised a hard white solid mass containing long fine fibers
embedded and disiributed uniformiy in the mairix. The
X-ray diffraction pattern indicated the presence of KCl

and KF. In addition the following lines were present
which were assigned to the new titanate K,Ti Q.

: Relative

Interplanar spacings (Angstroms): intensity

8.7 e 18

6.9 e 11

2.9 e 7

288 e ]

2.7 e e e 8

218 e 7

2.0 i 7

A portion of the product cbtained was heatéd in an
air stream for 120 hours at 875-950° C. Potassium
chioride and fluoride were evaporated completely from
the solid mass leaving a deposit. of fibrous. material con-
taining 49.1% titanium and having an X-ray diffraction
pattern corresponding to that of KyTigO,s. )

In support of the tetratitanate structure, a mixture of
13.82 parts of predried potassium carbonate and 31.96
parts of predried titanium dioxide (1/4 molar ratio) was
ball milled for 39 hours. A portion of this mixture
(13.325 parts) was heated for 7.3 hours in a platinum
vessel at 840-900° C. There was obtained 12.019 parts
of potassium tetratitanate with traces of potassium ditita-
nate and potassium hexatitanate.. -Further heating for
40.7 hours at 850-900° C. gave no further change in

weight. - This essentially non-fibrous titanate exhibited
the following X-ray diffraction pattern.
Relative
Interplanar spacings (Angstroms): intensity
880 e 21
6.23 e
3T e e e e 4
3 e e e 14
2.9 e e i e 16
2,88 i 11
272 e 8
2.66 e e 12
2.8 i 7
209 9
190 e 12
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The differences in the curves obtained for the preceding
compositions-are probably due-to orientation of the fibérs.
The similarities are, however, sufﬁc1ent to show that both
products ‘are tetratitanates: .
;. By the latter method, i. €., fuswn of K2C03 and
1i0y-in-1/1 and 1/2 and 1/6 molar ratios, the mono-
titanate, K,TiO;, dititanate, KyTi,05, and hexatitanate,

10

20

25

30

35

40

45

50

55

60

70

K,;TigOyq; were prepared.. These txtanates had the fol-
lowmg X-ray dlﬂractlon patterns ) o
K3Ti03 : .
Relative -
Interplanar spacings (Angstroms) intensity
7.02. e e e 20
2 S P 49
302 e 26
2.94 LSS 59
273 e e e e el 14
2.64 e 100
226 e e e 40
2.0 L e e A Sl 26
1.90 27
19
10
20
16
20
1.38. - e e e e 11
K4Ti,04
Relative
Interplanar spacings (Angstroms): ..intensity
665 100
4T e e e e 5
3.79 S S 33
3.08 - -~ - 20
2.8 e e 11
276 e e e 2
2060 e e e e e 5
2.64 o__ e 9
2.59 - 3
284 e e 3
2.38 ——e — — 2
2.18 50
1,92 o e e e 7
1,89 e e 6
’ KzTi{;OIS;
. Relative
Interplanar spacmgs (Angstroms): intensity
893 ____ s e 10
7.69 __- - e e 100
641 i~ ——— - 69
448 e e i e e -8
383 e S 4
377 e e - 4
3.67 —_— 18
32
304 o
298 e
2.97 _ '
290 o - e T
279 e i 23
270 ___ S 28
264 e e 7
2.58 - - 23
2.10 - 32
2.08 - 32
1.90 - 26

75

‘8
Example XI

A mixture of completely anhydrous potassmm carbon-

~ate, titanium dioxide, potassinm ﬁuonde, and- potassinm

chloride in respective molar proportions of 1/6/83/95
corresponding to respective weight proportions of 1/3.43/
34.3/50.5 and- a ‘potassium halide salt composition  of
40760% by weight KF/KCI was heated in a platinum ves-
sel to 1050° C. to obtain a clear homogencous melt.
This melt was cooled slowly at a rate-of approximately
25° C./hr. until fiber formation started-as evident by the
appearance of turbidity at approximately 1000° C.. This
temperature was held. essentially constant for approxi-
mately two hours until the melt had apparently turned
solid as 2 result of fiber formation of the potassium ti-
tanate component. The temperature was decreased at
a rate of 50°.C./hr. to apprommately 950° C. and there-
after lowered rapidly to room -temperature. There re-
sulted a hard white solid mass: containing long fibers

- firmly embedded in and distributed. throughout a white

matrix and comprising 80.5 parts by weight. - The 8.7
parts lost by -volatilization consisted of carbon dioxide,
potassium fluoride, and potassium chloride. The prod-
uct mass was treated 27 hrs. in about 400-500 parts of
boiling distilled water with frequent replacements of the
water .by fresh portions. The duration of this boiling
water extraction was determined by completion of the
removal -of potassium - chloride and fluoride. The ex-
tracted, water-insoluble material was dried at 120° C. in
a vacuum ‘oven and comprised 4.1 parts by weight of a
matted mass of fibers having very low bulk density. This
mass was readily pulled apart revealing individual fibers
up to about 3 cm. long and having cross sectional axis
dimensions ranging from less than one to. several mi-
crons. It contained by analysis 48.7% Ti. It gave an
X-ray diffraction pattern characteristic of a crystal struc-
ture obtained by the water extraction of K,Ti,0p. The
diffraction pattern had the following lines and relative
intensities from analysis of which it appeared that tetra-
titanate contained both the dipotassium salt and a fur-
ther tetratitanate having decreased potassium content.

: , Relative
Interplanar spacings (Angstroms): intensity.
8.75 10
6.55 e e ‘3
3,95 e e m e 1
X 1
2068 e e e e e -3
218 e e e 1
207 e 1
1,94 e e e 1

The product was subjected to differential thermal analysis
and showed no changes evident by heat absorption or
evolution until the temperature reached approximately
1330° C. where melting started. - After this heat treat-
ment at the melting point, the product was found by
K-ray diffraction to comprise largely K,TigO 3 and a small
amount of rutile.

Example XII

The general procedure-of Example XI was repeated
except that the charge consisted of K,COy/TiOp/KF/KCL
in molar proportions 0f.1/6/48/32. The potassium fluo-
ride content of the bath was 54% on a weight basis.
The charge was melted at 1000° C. and fiber formation
started at 980° C. -The fibrous product was extracted
in boiling water for 6 days. The resulting fibers were
3-4 mm. in length and on analysis had 12.7% potassium
and 48.9% titanium. The following X-ray diffraction:
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pattern was obtained for this: tetratitanate having low
potassium content. ’ ’ ’

Relative

Interplanar spacings (Angstroms): intensity
866 e S 40
6.70 e e 17
3,95 e e 5
295 e e e 14
268 e 10
218 el 6
207 e 8
10957 e e 5
188 e 7

Example X111

The general process of Example XI was repeated with
the exception that no potassium chloride was present, the
molar ratio of K,CO3/TiOy/KF being 1/6/10. The
initial temperature of the melt was about 1010° C. with
fiber formation taking place at 970° C. There was ob-
tained fibrous potassium - tetratitanate, which upon ex-
traction of the fluoride by water had a diffraction pat-
tern corresponding to that of the product of Example XI.

"When this general procedure was repeated except that
the molar ratio of K,0/TiOy/KF was 1/6/5.5 and the
temperature of the melt was 1150° C., X-ray diffraction
pattern indicated the major fibrous product was the hexa-
titanate with some tetratitanate present. This shows that
higher temperatures, €. g., 1150° C. or higher, favor hexa-
titanate formation.

Example XIV

Following the general procedure of Example X1, with
the molar ratio of K,COj3 to TiO; at 1/6, the amount of
KF in the KF/KCl bath was in each case 25, 44, and
54%. The bath was heated to about 1000-1020° C.
Upon cooling there was obtained in each case long fibers
of the tetratitanate which were subjected to water ex-
traction.

Example XV

Following the general procedure of Example XI, with
the molar ratio of K,COj to TiO, at 1/5, the amount
of KF in the potassium halide bath was varied from
100% KF through 50/59, 39/61 and 33/67 of KF/KCI.
Fibrous product was obtained in each case after heating
to about 1000° C.

Example XV1

The following general procedure has been employed
numerous times for the production of potassium tetrati-
tanate fibers:

A platinum vessel was charged with 9.05. parts- of
potassium carbonate, 21.25 parts of titanium dioxide
i(1:4 mole ratio of K;0:TiO;), 185.3 parts of potassium
fluoride, and 289.8 parts of potassium chloride (KF/KCl
eutectic 39/61% by weight). The vessel was then
heated to 1070° C. in a crucible-type electric resistance
furnace. The furnace was arranged so that heat was
added through the vertical walls but not through the well-
insuiated top or bottom sections. At 1070° C. the melt
was stirred. It was determined visually that the clear
melt contained no undissolved titanium dioxide or potas-
sium titanates. The melt was allowed to cool from 1070°
to 995° (as determined by a thermocouple at the outside
bottom of the platinum dish) in 1.5 hours. In an addi-
tional 40 minutes of cooling, the temperature fell to
980° C. and in another 50 minutes to 970° C. The first
separation of fibers from the clear melt was observed
through a small opening in the top of the furnace at
970° C. Then a few minutes after fiber formation started,
the entire melt appeared to solidify; and. in 20 minutes
the temperature at the thermocouple registered-978° C.
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At the end of 2.25 hours the temperature had returned to
970°., Cooling was continued slowly until the tempera-
ture of 940° C. was reached 1.83 hours later. Power to
the furnace was turned off at 940° C., and the furnace
'was allowed to cool to room temperature.

During this process 18.7 parts of salt were lost from
the vessel through evaporation. The fibers of potassium
tetratitanate in salt matrix were removed from the dish
and transferred to a blowcase. In the blowcase, the salt-
fiber cake was repeatedly leached with hot distilled water
on an hourly cycle. At the end of 70 hours, the aqueous
discharge from the blowcase gave no test for chloride
jons with silver nitrate reagent or for fluoride ions with
cerium nitrate reagent. ‘

The wet salt-free fibers were finally dried 45 hours at
150° C. to a constant weight of 24.9 parts. They con-
tained 49.6% titanium and about 14.4% potassium.

The X-ray diffraction pattern of the fibers corresponded

“to that of potassium tetratitanate which had been sub-

jected ‘to water extraction until no more potassium was
removed (Ex. XII).

Example XV1I

A graphite crucible was charged with 300 parts of non-
fibrous potassium hexatitanate (obtained as shown for
the non-fibrous starting potassium titanate in Example
IX), 2,223 parts of potassium fluoride, and 3,477 parts
of potassium chloride (KF/KCl eutectic). The graphite
crucible was placed in a silicon carbide muffle heated in
a gas-fired furnace. The charge gave a clear liquid melt
at 1040-1045° C. The melt was slowly cooled while
fiber formation took place. After removal of salt from
the product as in Example XVI above, the dry fibers of
hydrolyzed potassium tetratitanate weighed 268 parts and
contained 49.0% titanium. These fibers were faintly blue
in color but were readily converted to white fibers by
heating 2 hours at 565° C. in air. ’

Example XVIII

A premelt of the composition given in Example XVI
above was made by rapidly cooling the clear melt from
1050° C. to room temperature. The salt cake contain-
ing potassium tetratitanate was micronized under dry
nitrogen and the resulting powder converted to- dense
wafers 34 inch in diameter by %4 inch thick. A platinum
tube 34 inch i. d. was packed solidly with these pellets
(263.5 parts) for a length of 83 cm. and the ends of the
platinum tube were sealed, leaving only a small opening
for escape of gases. The platinum tube was placed in-
side a porcelain tube mournted on rollers in a manner such
that the porcelain tube could be passed through a hori-
zontal tube furnace.

The platinum tube and its contents were thus passed
through a melting zone, a liguid region, and finally
through a solidification zone at the rate of 2 linear
cm./min. The furnace temperature in the latter zone de-
creased approximately 19° C. per cm. of length. . The
maximum temperature in the furnace was approximately
1035° C.

The salt cake and fibers from the platinum tube were
leached with water in the blowcase as in Example XVI
above to give water-extracted potassium tetratitanate
fibers.

Example XIX

Following the general procedure of Example XVI,
fibrous potassium titanates C—M were prepared in a
molten potassium -halide bath- with titanates A——B pre-
pared by the procedure of Example IX. The tempera-
ture at which fiber formation first occurred was noted.
The following -table shows the composition of the bath,
reactants and fibrous product. The potassium carbonate
is éxpressed .as oxide in the table. The fibers were ob-
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. tained by water extraction of the product and charactered
by X-ray dlﬁractlon studies. . e

12
less fibrous crystals: started .forming upward from the
titanium dioxide. Thereafter the growth was more rapid

Composition of Charge L
Teglp
Molar Ratio, . Molar Wt Fibers _: = i Product
KaOfTi0sf Ratio, Percent Formed . .
KF/KCl1 K0:Ti0s |  KFin e
KF/KCl1 L - ~
A2l <0.1/<0.3/12.3/87.6..__ 1:3 107 >1,100 He\dtlt&nate
B... 0.1/<0.6/12.3/87.6_.. 1:6 10 >1,100. Do. -
‘G| 0. 115/0 467/24.1/75.3 1:4 20 ©7 993 | Hexa- and tetratitanate. : - I
D_._| 0.188/0.558/24,1/75.2____| 1:4 :20-1. 71,000, Primarily  hexatitanate.
E -] 0.301/1.28/35/63.5____ .t 1:4 280t 995 | tetratitanate.
F_ 1} 0.88/3.58/43.1/52.5 . 1:4 40-| - 970-980 -~ Do.
G| 0.845/3:44/61.1/34.6..___ 1:4 58 875 | ..+ Do,
-|:0.804/3.27/80.3/15 - 1:4 _ 80 7951 © 7 Do.
1.56/6.32/92:1/0- - 1:4 100 814 Do.
0.68%/3.59/43.2/52.6 .| .- 1:5.2 40 980 hexa and tetratltanate
0.568/3.64/43.2/562.6 . ... 1:6.1 .40 985 | Do.
0.442/3,60/43.2/52.7 . _._ 1:8.1 . 40 995 | hexatitanate.
P 0/3.61/43.5/52.9'___,4 _____ o 0 40 1,027 Dao.

In the above table it is seen that the tetratitanate formia-
tion is favored by molar ratios of K,0/TiO, approach-
ing 1:4 while ratios -of 1:6-8 favor the hexatitanate.

Higher temperatures increase the amount of hexatitanate. °

The last item in the table shows that a fibrous potassium

titanate can be formed wherein the potassium must come

from the halides smce no other source of potassium was

employed .
Example XX

- The general procedure of Example XVI was repeated
except.that the fiber formation started at 962° C.. . The
product was extracted for only 48 hours by water, The
resulting fibers had 17.9%. K, 48.14% Ti and 0.19% ClL
The X-ray diffraction pattern had bands for ‘both the
dxpotassnum tetratitanate of Example X and the potas-
sium deficient tetratitanate of Example XTI

“Example XXI

Repetition of the general procedure of Example XVI
w1th the. exception that 6 parts of potassium carbonate
- (molar ratio -of K,COj3:TiO, of 1:6.12) -was used with a
fiber formation: temperature of 984° C. gave a-fibrous
product which was extracted for 24 hours by water. The
K-ray diffraction pattern indicated the presence of both
tetratitanate and potassium deficient ‘tetratitanate- with
perhaps more of the latter.

B Example XXII R

Potassium' titanate was preformed -in the manner de-
scribed .in. the first part of Example V (1/5 ratio .of
K20/Ti02)’ To: 10 parts of molten potassium fluoride
in'a platinum vessel was added in increments a total of
10 parts of the preformed titanate. The solution :on
cooling solidified to a white glistening cake contammg
fibrous potassium titanate.

Example XXIIT

A mixture - of potassium fluoride .and tltamum dl-
oxide in a molar ratio of 1/2.24 was melted in.a: tube
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and cooled:. Fiber bundles, which formed across: the -

mouth of the tube, were identified as potassmm hexa—‘
titanate by -their X-ray diffraction pattern B

Example XXIV

.Potassium chloride (50 parts) was fused in a platinum
“Vvessel which’ was heated by a flame in such a manner
that the bottom surface of the vessel in contact with

the melt ‘was at a temperature of 1025-1030° C. and.
the top outer regions of the melt farthest from the area 7

of heating were at a temperature. of 850—860° C. as-de-
termined by means of an optical pyrometer. One part
.. of: titanium- dioxide was ‘added to the melt.

After-about 12 :minutes, a growth of flocculent, : color-

It aggre-:
gated- ‘and :settled to- the bottom at the: hottest .zone:

75

" metal of atomic number of at least 11.

and quite voluminous. .:After about one hour, the fibers
filled ‘most-of the melt volume and a preponderant part
was removed mechanically leaving the residual titanium
dioxide and some seed fibrous crystals of the product.
This: cropping - was repeated. intermittently during two
hours: . The isolated product containing occluded potas-
sium - chloride - was dispersed in water to-dissolve the
potassium chloride, filtered, washed free of chloride ions
with-‘water, and dried to obtain 0.1 part of fine fibrous
product which had an X-ray diffraction pattern char-
acteristic of potassium hexatitanate. o
The process of this invention thus provides the pro-'
duction of fibrous alkali metal titanates by the use of
molten  alkali. metal chloride or fluoride or mixtures
thereof (MCl or MF or mixtures. thereof), on. non-
fibrous .alkali metal titanates of the general formula
M2T1n02n+1 wherem nis-4 or 5, i. e, MO (Ti0y)om
where m is.an integer of value 2 to 3 and M is an alkali
; This new proc-
ess for the preparation of fibrous alkali metal titanates
comprises introducing, generally to the point of satura-
tion, a non-fibrous alkali metal titanate of the. general
formula M,Ti,05,1 Wherein n is subtantially 4 or 6 and
M is an alkali metal of atomic number of at least 11; into
the chloride or fluoride of the alkali metal or mixture
thereof (MC! or MF or mixture thereof) which is molten
but which is maintained at a temperature of generally
less than 1200° C. above which the metal halide evap-
orates at a substantial rate, followed by separation of
the fibrous titanate from the alkali metal halide. It is

‘preferred that a zone is present in the molten chloride

or fluoride or mixture thereof that is at least 5°° C. below
that of the remainder of the molten halide and that the
molten halide in ‘this zone is maintained . saturated- with
the non-fibrous ‘alkali metal titanate so that crystallization
of fibrous alkali metal titanate occurs therefrom. -

When the “alkali metal is potassium and ‘sodium the
general formulas are 1espect1ve1y KO- (Ti0s) 2y and
Na,O- (T102)2m where mis 2 or 3. These alkali metal
titanates: can be previously obtained in non-fibrous form
by the’ fusion .of ‘alkali metal oxide or preferably an
eqmvalent source thereof, such as the carbonate . or hy-
drox1de, thh tltamum dioxide ‘at temperatures of above
1200% “C., e. ‘g, 1200—1500" C. Alternatively, non- -
ﬁbrous alkali metal titanates may be made by the dry
solid ‘state’ réaction of a metal carbonate with titanium
dioxide at temperatures con51derably below the melting
point-of” the reactants, e. g., 800-1000° C. The non-

fibrous titanates are then charged into the molten alkali

metil “halide “as required by the process of this- inven-
tion;-~A further method involves the preparation of the
titanate -and-its: separation in fibrous form by the action
of .molten: alkali: metal hahde on tltanlum -dioxide and
alkali metal oxide. -:
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In the latter embodiment of this invention whereby the
fibrous titanate is prepared from titanium dicxide and
an alkali metal oxide, the aliali metal oxide can be em-
ployed as such or from any alkali metal compound that
is basic or gives a basic reaction with water. Included
are the alkali metal phosphates; however, the carbonates
and hydroxides, particularly the potassium and sodium
carbonates and hydroxides, are generally cheaper, more
readily available and are preferred as sources of the alkali
metal oxide.

The titanium source can be a titanium oxide or a salt,
such as titanyl sulfate, which gives rise to titanium dioxide
under the reaction conditions. Titanium dioxide is gen-
erally employed since it is readily available and reacts
readily under the conditions of reaction.

The ratio of titanium to alkali metal calculated as
titanium dioxide to alkali metal oxide in the- charge
added to the molten halide can vary in wide limits,
usually from 1:1 to 12:1 with the ratio preferably be-
tween 2:1 and 8:1. The tetratitanate is generally formed
when the ratio of alkali metal oxide to titanium dioxide
is about 1:1 to 1:5, preferably about 1:4 at temperatures
of about 1000° C. When less alkali metal is present,
i. e., ratios of 1:6 to 1:8 and preferably about 1:6, the
hexatitanate is the major product, particularly if some-
what higher temperatures are employed.

‘The fibrous titanates can thus be obtained by intro-
ducing titanium dioxide and the alkali metal oxide (M,0)
or their equivalents as previously defined, into the molten
chloridé or fluoride of the alkali metal or mixture thereof
(MCI or MF or mixture thereof) at least to the point
of saturation and effecting the formation of the fibrous
alkali metal titanate followed by separation from the
metal halide. The metal halide employed is of the same
alkali metal as that of the oxide and the titanate to be
obtained. The alkali metal halides thus useful include
sodium chloride, potassium chloride, rubidium chloride,
cesium chloride, sodium fluoride, potassium fluoride,
cesium fluoride and rubidium fluoride.

The temperature of the molten halide should be no

higher than 1200° C. during the preparation of the fibrous -

titanate. Temperatures above 1200° C., particularly if
maintained for substantial times not only bring about
evaporation of the volatile metal halides, but inhibit the
growth of highly fibrous crystals. Higher temperatures,
however, can be used for short times for the preparation
and solution of non-fibrous titanates. Furthermore, the
fibrous form of the metal hexatitanate is not stable at
temperatures of the order of 1400° C. while the tetra-
titanates decompose at lower temperatures. The pre-
ferred temperatures are from about 750 to 1150° C. The
lowest temperature employed necessary to maintain a
molten bath depends upon the halide used but must be at
least 600° C. and generally is over 700° C.

A particularly effective method for obtaining the alkali
metal titanate fibers involves maintaining the tempera-
ture of the molten chloride or fluoride or mixture thereof
in a manner such that one zone is at a higher tempera-
ture of at least 5° C. and preferably at least 25° C. or
more than a cooler zone to permit solution of the titanate
at the warmer portion. This warmer solution of the alkali
metal titanate moves by convection to the cooler zone
where it becomes supersaturated with respect to said
alkali metal titanate and deposits the latter as fibrous
crystals. It is evident, therefore, that rapid recrystalliza-
tion is favored by the widest temperature differences,
and by high temperatures in the hotter zone to favor the
highest solubility and rate of solution of the non-fibrous
alkali metal titanate. Highest yields of fibrous titanates
are obtained if the metal oxide and titanium dioxide, or
their equivalents, are introduced during the process in
such a manner as to maintain saturation of the non-fibrous
titanate or its precursors throughout the molten alkali
metal halide bath. Optimum yields of fibrous alkali metal
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-titanates in shorter times are obtained when the molteri

halide bath contains both alkali metal chloride and alkali -
metal fluoride.

The fibrous metal titanates obtained by the halide bath
fusion process of this invention include those of the
formula M,Ti,Op,,; wherein M is an alkali metal of
atomic number of at least 11 and # is an integer having a
value of substantially either 4 or: 6, i. €., titanates of the
formula MO~ (TiO;)ss, wherein m is an integer of 2 to
3, as determined by X-fay and chemical analysis. Sodium
and poiassium are cheaper and more readily available
than cesium znd rubidium and are preferred more than
the latter. Potassium is especially preferred since fibrous
titanates contzining it have superior fiber properties.

The fibrous tefratitanates are formed only in the pres-
ence of an alkali metal fluoride. ‘They are less stable than
the hexatitanate and upon heating to temperatures above
about 1100° C. change to ‘the hexatitanate. 'The exact
transition temperature is difficult to define since the time
factor is dependent upon the temperature. Some ‘of the
potassium content of potassium tetratitanate can be re-
moved by treatment with water, e. g., water at 20 to
100° C. for 2 to 100 hours with higher ‘temperatures
being more effective.  The exact time and-temperature
employed are interdependent and dependent upon the
amount of water used and amount of chloride or fluoride
to be removed. The resulting tetratitanate can contain-
as low as about 60% of the potassium-content -of the
original tetratitanate, 'e. g., extraction for 129 days gave

.a titanate having 9.8% K and 53.7% ‘Ti. . Exact*analysis

* of the alkali metal is: difficult since the preserice of titani-
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um makes the flamé’ photometry method' less “accurate.
The extracted tetratitanate-is=1éss stable to"temiperatiire
than the other fibrous titanates; Heating ‘at above 700° C.,
especially at 900-1000° C. converts it to’the hexatitanate. -
In general, however, the extracted “tetratitanate has su-
petior flexibility and fiber length. T

The fibrous alkali metal titanates and particularly the
potassium titanates have good thermal stability, inert-
ness and low bulk density. Mats or felts of the fibers
are readily obtained by filtration, e. g., by suspending the
fibers in a viscous liquid such as glycerine followed by
removal of the dispersing liquid. The mats are useful as
filters, e. g., in air to remove solids or to remove bacteria
from solutions. They are also good thermal insulators.
Potassium titanate fibers give increased stiffness and tear
strength whea incorporated in plastic laminates. They
are also useful as reinforcing agents for fibers or papers.
Finely ground fibers when incorporated with oils such as
silicone oil have produced thick greases useful as lubri-
cants. ’

The fibrous alkali metal titanates do not dissolve in
water. They generally do mot react with aqueous solu-
tions of mineral acids, such as sulfuric or hydrechloric
acid, bases or salts at room temperatures. These titan-.
ates, and particularly the hexatitanates are insoluble in
boiling 50% caustic, and are not attacked by chlorine.
They do not form hydrates, i. e. absorb water of crystalli-
zation. The fibrous titanates as obtained by the process
of this invention are asbestos-like in the gemeral appear-
ance of their fibers. They have a length to diameter
ratio of at least 5:1 and usually at lJeast 10:1 with the
length generally 10 to more than 1000 times the diameter
of the fibers. The fibers are flexible.

As many apparently widely different émbodiments of
this invention may be made without departing from the
spirit and scope thereof, it is to be understood that this
invention is not Limited to the specific embodiments
thersof except as defined in the appended cluims.

The embodiments of the invention in which an ex-
clusive property or privilege is claimed are defined as
follows: G -

1. A fibrous dialkali metal tetratitanate wherein the
alkali metal has an atomic number of at least 11, said
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fibrous dialkali metal tetratitanate exhibiting by X-ray
diffraction analysis a definite pattern of crystalline struc-
ture,

2. Fibrous dipotassium tetratitanate exhlbltmg by X-
ray diffraction analysis a definite pattern of crystalline
structure.

3. A fibrous water-extracted potassium tetratitanate
containing a potassium content of at least 9.8%, exhibit-
ing by X-ray diffraction analysis a definite pattern of crys-
talline structure, -and which is the product obtained by
water-extracting fibrous crystalline dipotassium tetratitan-
ate.

4. A m1xture of fibrous dipotassium tetratitanate and
_ its fibrous water-extracted potassium tetratitanate product
containing a potassium content of at least 9.8%, said
mixture exhlbltmg by X-ray diffraction analysis a definite
pattern of crystalline structure,

5. Fibrous alkali metal tetratitanates exhibiting by X-
ray diffraction analysis a definite pattern of crystalline
structure: and which are selected from the class consisting
of fibrous dialkali metal tetratitanates wherein the alkali
metal has an atomic number of at least 11, fibrous water-
extracted potassium tetratitanates containing a potas-
sium content of at least 9.8%. which is the product ob-
tained by water-extracting fibrous crystalline dipotassium
tetratitanate, and' mixtures of fibrous dipotassium tetra-
titanate with its fibrous water-extraeed poassium tetra-
titanate product. - .

6. As a new. morgamc ﬁbrous material, the asbestos-
like form of a dialkali metal tetratitanate. characterized
in that it is in the form of flexible crystalline fibers having
a ratio of length to width of at least 10:1, which are
water—msoluble, and corresponds in chemical composxuon
to the general formula M,Ti,Op wherein M is an alkali
metal having an atomic aumber of at least 11.

7. As a new inorganic fibrous material, the asbestos-
like form of dipotassium tetratitanate characterized in
that it is in the form of flexible crystalline fibers having
a ratio of length to width of at least 10:1, which are
water-insoluble, and corresponds in chem1cal composmon
to the formula K,TuOg : ’

8..As a new inorganic ﬁbrous material, the asbestos-
like form of potassium tetratitanate, havmg a potassmm
content of at least 9.8%, characterized in that it is in
the form of flexible crystalline fibers having a ratio of
length to width of at least 10:1, which are water-insoluble,
- and is the product obtained by water-extracting the fibrous
form of crystalline dipotassium tetratitanate having the
formula K2T1409

'9, An inorganic flexible crystallme fiber having a ratio
of length to width of at least 10:1, consisting of the
asbestos-like form of a crystalline dialkali metal tetra-
titapate, which is water-insoluble, and corresponds in
chemical composition to MTisOy wheréin M is an alkali
metal having an atomic number of at least 11.

10. An inorganic flexible crystalline fiber having a ratio
of length to width of at least 10:1 consisting of the asbes-
tos-like form of crystalline dipotassium tetratitanate,
which is water-insoluble, and corresponds in chemlcal
composmon to K3T140,

11. An inorganic flexible crystalline fiber havmg a ratio
of length to width of at least 10:1, which is water-insol-
uble, consists of a fibrous’ potassium _tetratitanate having
a potassium content of at least 9.8%, and is the product
obtained by water-extracting the ﬁbrous form of crystal-
line dipotassium tetratitanate having the formula K,Ti Os.

12.” An insulating composition comprising a mass of
asbestos-like crystalline fibers of a dialkali metal tetrati-
tanate correspondmg in chemical composition to-M,Ti,Oq
wherein M is an alkali metal having an atorm number of
at least 11. v

13. An insulating composition cornpnsmg a
asbestos-like crystalllne fibers of dipotassium tetratitanate
corresponding in chemical composition to KzTuO, )

14. An insulating composition comprising a mass of
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asbestos-like crystalline fibers of potassium tetratitanate
having a potassium content of at least 9.8% and which
is the.product obtained by water-extracting the fibrous
form of crystalline dipotassium tetratitanate having the
formula K;TiyOp.

15. An insulating composition comprising a mass of
asbestos-like crystalline fibers of dipotassium tetratitanate
corresponding in chemical composition to KzTi409 and of
its fibrous water-extracted product containing a potassmm
content of at least 9.8%.

16. Process for preparation of fibrous and water-insol-
uble alkali metal titanates which comprises heating an
alkali metal halide from the group consisting of alkali
metal chlorides and fluorides and mixtures thereof to a
molten state at a temperature not higher than 1200° C.,
the alkali metal in said alkali metal halide having an
atomic number of at least 11, dissolving in said molten
alkali metal halide a compound from the class consisting
of titanium dioxide and non-fibrous alkali metal titanates
of the general formula M,0-(TiO3)s,, wherein m is an
integer of 2 to 3 and M is an alkali metal having an
atomic number of at least 11, maintaining at least a
portion of said molten alkali metal halide saturated with
the dissolved compound from the class consisting of
titanium dioxide and non-fibrous alkali metal titanates
of said general formula as fibrous alkali metal titanate
is formed therein, and separating the fibrous and water-
insoluble alkali metal txtanate from said alkall metal
halide.

17. Process for preparatwn of fibrous and water-msol-
uble alkali metal titanates which comprises heating an
alkali metal halide from the group consisting of alkali
metal chlorides and fluorides and mixtures ‘thereof to a
molten state at a temperature not higher than'1200° C.,
the alkali metal in said alkali metal halide having an
atomic number of at least 11, ‘dissolving in said molten
alkali metal halide a . non-ﬁbrous alkali ‘metal “titanate
of the general formula M20 (TiOy) 2, Wherein m is. an
integer of .2 to 3 and M is an alkali metal having an
atomic number of at least 11, maintaining -at least a
portion of said molten alkali metal halide saturated with
dissolved non-fibrous alkali metal titanate of said general
formula as fibrous alkali metal titanate is formed therein,
and separating the fibrous and water-insoluble alkall
metal titanate from said alkali metal halide.

18. Process for preparation of fibrous and water-insol-
uble alkali metal titanates as set forth in claim 17 where-
in said fibrous and water-insoluble alkali metal titanate
is separated from said alkali metal halide by treatment
with hot water.

19. Process for preparation of fibrous and water-insol-
uble potassium titanate which comprises heating potas-
sium chloride to a molten state at a temperature not
higher than 1200° C., dissolving in said molten potas-
sium chloride a non-fibrous potassium titanate of the
general formula K;0-(TiOz)a, wherein m is an integer
of 2 to 3, maintaining at least a portion of said molten
potassium chloride saturated with dissolved non-fibrous
potassium titanate -of said general formula as fibrous
potassium titanate is formed therein, and separating the
fibrous and ‘water-insoluble potassium titanate from saxd
potassium chloride.

20. Process for preparation of fibrous and water in-
soluble sodium titanate which comprises heating sodium
chloride to a molten state at a temperature not higher
than 1200° C., dissolving in said molten sodium chloride
a non-fibrous sodium -titanate of the general formula
Nay0- (TiOy3)sy, wherein m is an integer of 2 to 3, main-
taining at least a portion of said molten sodium chloride
saturated with dissolved non-fibrous sodiim titanate of
said general formula as fibrous sodium titanate is formed
therein, and separating the fibrous and water-insoluble
sodium titanate. from said sodium chloride.

21. Process ' for preparation of fibrous' and water-
insolnble "alkali metal titanates as set forth in claim 17
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wherein said non-fibrous alkali metal titanate is formed
in situ in said molten alkali metal chloride by introducing
therein an alkali metal compound that gives a basic re-
action with water and in which- the alkali metal has an
atomic number of at least 11 and a titanium compound
sp]ected from the class consisting of titanium dioxide and
titanium salts which give rise to titanium dioxide under
the reaction conditions, in a molar ratio of 1:1 to 1:12
calculated as alkali metal oxide to titanium dioxide.

22. Process for preparation of fibrous and water-
insoluble potassium titanate which comprises heating
potassium chloride to a molten state at a temperature not
higher than 1200° C., introducing potassium hydroxide
and titanium dioxide into said molten potassium chloride
in a molar ratio of 1:2 to 1:8 calculated as potassium
oxide to titanium dioxide thereby forming potassium
titanate in solution in said molten potassium chloride,
maintaining at least a portion of said molten potassium
chloride saturated with dissolved potassium titanate as
fibrous potassium titanate is crystallized therefrom, and
separating the crystallized fibrous and water-insoluble
potassium titanate from said potassium chloride.

23. Process for preparation of fibrous and water-
insoluble potassium titanate which comprises heating
potassium chloride to a molten state at a temperature not
higher than 1200° C., introducing potassium carbonate
and titanjum dioxide into said molten potassium chloride
in a molar ratio of 1:2 to 1:8 calculated as potassium
oxide to titanium dioxide thereby forming potassium
titanate in solution in said molten potassium chloride,
maintaining at least a portion of said molten potassium
chloride saturated with dissolved potassium  titanate as
fibrous potassium titanate is crystallized therefrom, and
-separating the crystallized fibrous and water-insoluble
potassium titanate from said potassium chloride:
~ 24. Process for preparation of fibrous and water-
insoluble sodinm titanate which comprises heating sodium
chloride to a molten state at a temperature not higher
than 1200° C., introducing sodium hydroxide and titanium
dioxide into said molten sodium chloride in a molar ratio
of 1:2 to 1:8 calculated as sodium oxide to titanium di-
oxide thereby forming sodium titanate in solution in said
molten sodium chloride, maintaining at least a portion of
said molten sodium chloride saturated with dissolved
sodium titanate as fibrous sodium titanate is crystallized
therefrom, and separating the crystallized fibrous and
water-insoluble - sodium titanate from said sodium
chloride.

25. Process for preparation of fibrous and water-
insoluble sodium titanate which comprises heating sodium
chloride to a molten state at a temperature not higher than
1200° C., introducing sodium carbonate and titanium di-
oxide into said molten sodium chloride in a molar ratio of
1:2 to 1:8 calculated as sodium oxide to titanium dioxide
thereby forming sodium titanate in solution in said molten
sodium chloride, maintaining at least a portion of said
molten sodium chloride saturated with dissolved sodium
titanate as fibrous sodium titanate is crystallized therefrom,
and separating the crystallized fibrous and water-insoluble
sodium titanate from said sodium chloride.

26. Process for preparation of fibrous and water-
insoluble alkali metal titanates which comprises heating
an alkali metal chloride containing up to 65% by weight
of the corresponding alkali metal fluoride to a molten state
-at a temperature not higher than 1200° C., dissolving in
said molten alkali metal chloride a non-fibrous alkali metal
titanate of the general formula MzO-(TiO;)s, Wherein
m is aninteger of 2 to 3 and M is an alkali metal having
an atomic number of at least 11, the alkali metal in said
alkali metal chloride and fluoride being the same as in
said alkali metal titanate, maintaining at least a portion
of said molten alkali metal chloride saturated with dis-
solved mon-fibrous alkali metal titanate of said general
formula as fibrous alkali metal titanate is formed therein,
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and separating the fibrous and water-insoluble alkali metal
titanate from said alkali metal chloride and fluoride. -

- 27. Process for preparation of- fibrous and. water-
insoluble ‘potassium - titanate which comprises heating
potassium chloride containing up. to 65% by weight of
potassium fluoride to a molten state at a temperature.not
higher than 1200° C., dissclving in said molten  potassium
chloride a. non-fibrous potassium titanate of the general
formula K,0¢ (TiOs)m, wherein m is an integer of 2 to 3,
maintaining at least a portion of said molten potassium
chloride satorated with dissolved non-fibrous potassinm
titanate of said  general formula as fibrous potassinm
titanate is formed therein, and separating the fibrous and
water-insoluble potassium titanate from said potassium
chloride and fiuoride.. :

28. Process for preparation .of fibrous and water-
insoluble sodium iitanate which comprises heating sodium
chloride containing up to 65% by weight of sodium fluo-
ride to a molten state at a temperature not higher than
1200° C., dissolving in said molten sodium chloride a
non-fibrous sodium titanate of "the general -formula
NayO- (TiOy) gy, Wherein m is an integer of 2'to 3, main-
taining at least a portion of said molten sodium chloride
saturated with “dissolved non-fibrous sodium titanate of
said general formula as fibrous sodium titanate is formed
therein, and separating the fibrous and water-insoluble
sodium titanate from said sodium chloride and fluoride.

29. Process  for preparation of fibrous and water-
insoluble alkali metal titaniates which comprises heating
an alkali metal chloride to a molten state, dissolving in
said molten alkali metal choride a nonfibrous alkali metal
titanate of the general formula MzO-(TiOg) 2y, Wherein
m is an integer of 2.t0.3 and M is an alkali metal having
an atomic number of at least 11, the alkali metal in said
alkali metal chloride being the same as in- said alkali
metal titanate, maintaining the hottest portion of said
molten alkali metal chloride at a temperature not higher
than 1200° C., and a cooler portion thereof at a tempera-
ture at least 5° C. below said hottest portion, main-
taining the molten alkali metal chloride in said cooler
portion saturated with dissolved non-fibrous alkali metal
titanate of said general formula as fibrous alkali metal
titanate is crystallized therefrom, and separating the
crystallized fibrous and water-insoluble alkali metal
titanate’ from said alkali metal chloride.

30. Process for preparation of fibrous .and water
insoluble potassium titanate which comprises heating
potassium chloride to a molten state, dissolving in said
molten potassium chloride a non-fibrous  potassium
titanate of the general formula K;0-: (TiOg)gym, Wherein
m is 3, maintaining the hottest portion of said molten
potassium chloride at a temperature not higher than
1200° C. and a cooler portion thereof at a temperature
at least 5° C. below said hottest portion, maintaining
the molten potassium chloride in said cooler’ portion
saturated with dissolved non-fibrous potassium _titanate
of said general formula as fibrous potassium titanate is
crystallized therefrom, -and separating the crystallized
fibrous and water-insoluble potassium titanate from said
potassium chloride.

31. Process for preparation of fibrous and water--
insoluble sodium titanate which comprises heating sodium
chloride to a molten state, dissolving in said molten
sodium chloride a non-fibrous sodium titanate of the
general formula NayO- (TiOy)s, wherein m is 3, main-
taining the hottest portion of said molten sodium chloride
at a temperature not higher than 1200° C., and a cooler
portion thereof at a temperature at least 5° C. below
said hottest portion, maintaining the molten sodium
chloride in said cooler portion saturated with dissolved
non-fibrous sodium titanate of said general formula as
fibrous  sodium titanate is crystallized  therefrom, and’
separating the crystallized fibrous and water-insoluble -
sodium titanate from said sodium chloride.

32, Process for preparation of fibrous and water-
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insoluble - ;alkali meta] titanates which comprlses heaung
an alkali metal chloride containing up fo 65% by weight
of the” correspondmg alkali metal fluoride to a. molten

state,. dissolving in said iolten alkali metal chloride a
non-fibrous_alkali metal titanate of the' general formula
M20 (T103)2m, wherein mi is an integer -of 2 to 3 and:

M is. an alkali metal havmg an’ atomic number of at
least 11, the alkali metal in said alkali metal -chloride
and ﬁuorlde being the same as.in said alkali metal titanate,
maintaining  the . hottest portion -of said molten alkali
metal chloride at a temperature not higher than 1200° C.,

and a cooler portion thereof at a temperature at léast 5°

C. below -said hottest. portion, maintaining the molten

alkali metal chloride in said cooler portion saturated with
dissolved non-fibrous alkali metal titanate of said general
formula as fibrous alkali metal titanate is crystallized
therefrom, ‘and - separating the crystallized fibrous and

water-insoluble “alkali metal tltanate from said alkali -

metal chloride and: fluoride. .
33. Process for preparation of fibrous and water-

'_msoliuble “potassium titanate which ‘comprises heating :

potassium chloride containing up.to 65% by weight of
potassium fluoride to a molten state, dissolving in-said
molten potassium chloride a non-ﬁbrous potassium
titanate of the general formula Kq0- (TiOs)s,, Wherein
m is an integer of 2 to 3, maintaining the hottest portion
of “said molten” potassium chloride at a temperature

not higher than 1200° C. and a cooler portion thereof |

at a temperature at least 5° C. below said hottest portion,
maintaining the molten potassium chloride in said cooler
portion ‘saturated with dissolved non-fibrous potassiam
titanate of said general formula as fibrous potassium
titanate is crystallized - therefrom, and separatmg the
* crystallized fibrous and water-msoluble potassium titanate
from said potassium chloride and fluoride. :

Ji"34. ‘Process for preparation of fibrous and water-
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" insoluble sodium:titanate which comprises heating sodium
- chloride containing up t0 65% by welght of sodium
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fluoride to a molten - state, dissolving -in ‘said ‘molten

'sodium -chloride 2 non-fibrous. sodium titanate - of ‘the

general formula -NayO-(TiOyp)a,, wherein . m .is an

. integer-of 2 to 3, maintaining the hottest portion of said

molten sodium chlotide at a temperature not. higher
than 1200°. C. and a cooler portion thereof at a témpera-
ture at least 5° C. below said hottest portion, maintaining
said ~molten ‘sodium chloride in said cooler portion
saturated with dissolved non-fibrous sodium titanate of
said general formula as-fibrous sodium titanate is crystal-
lized therefrom, .and separating the crystallized fibrous
and water-insoluble sodium titanate from said sodium
chloride and fluoride.

35. Process for preparatlon ‘of ﬁbrous and water-
insoluble potassium tetratitanate which comprises heating
potassium chloride containing 20 to 65% by weight of
potassium fluoride to a molten state at a temperature
not higher than 1200° C., dissolving in said molten
potassium chloride a non-ﬁbrous potassium titanate of
the general formula K,0- (TiOg) 3, wherein m is 2, main-
taining at least ‘a portion of said molten potassium
chloride saturated with. dissolved non-fibrous potassium
titanate ‘of said general formula as” fibrous potassium
tetratitanate is formed therein, and separating the fibrous
and water-insoluble potassium tetratitanate from said
potassium chloride and fluoride.
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