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This invention relates to the production of metallic 
titanium and, more particularly, to improvements in the 
electrolytic production of metallic titanium. . . 
The esteemed qualities of titanium metal are predicated 

upon its availability in malleable or workable state and 
the latter can be attained only when the metal is pro 
duced substantially free of contained oxygen. The prin 
cipal scurces of oxygen in electrolytically deposited ti 
tanium are oxygen or water vapor in the atmosphere above 
the electrolytic bath from which the metal is deposited 
and moisture contained in the salts which are used as the 
electrolytic bath. It is a common and effective practice 
to exclude air from the atmosphere above the bath by 
sweeping this atmosphere with an inert gas Such as argon, 
helium, or the like, and substantially all traces of mois 
ture can be removed from the bath by-electrolysis under 
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conditions which will effect dissociation of any contained 
water without deposition of any significant amount of 
titanium metal. 
venting contamination of the cathodically deposited ti 
tanium by oxygen, but subsequent handling of the de 
posited metal for its recovery in the form of an ingot or 
other useful shape tends to introduce a substantial aimount 
of extraneous oxygen into the metal. This contamination 
is caused by the necessity of freeing the deposited metal 
from entrained salts when it is removed from the cell, such separation being generally effected by Washing the 
deposited metal with water and with dilute acid. Of 
necessity, washing and leaching to remove entrained salts 
is sufficiently drastic to cause some surface oxidation of 
the particles of titanium metal. When these particles of 
surface-oxidized metal are subsequently melted in an 
inert atmosphere, it is generally found that the resulting 
titanium ingot contains such an amount of oxygen that it 
is brittle and unworkable. Accordingly, in order to lower 
the ratio of surface area to volume of such particles and 
thus lower the oxygen contamination of the resulting ingot, 
it is advantageous to produce the metal particles in the 
largest size possible. 

In the production of metalic titanium by electrolysis 
of an alkali metal fluotitanate in a diluent bath composed 
of one or more alkali and alkaline earth metal halides, it 
has been found possible heretofore to deposit the titanium 
metal in the form of particles 60 to 80 microns in average 
size provided that an inert cell atmosphere is maintained 
and that the bath is subjected to pre-electrolysis at a de 
composition potential below that of the titanium salt but 
sufficient to insure decomposition of all free or combined 
water in the bath components. However, at least 30% 
of the particles, so produced have a size less than about 
45 microns and only a small percentage of the particles 
are as large as 100 to 150 microns. The purity of the 
metal ingot produced from such particles is only about 
99% Ti, the balance being predominantly oxygen. 

... We have now discovered that the particle size of the 
cathodically deposited titanium produced by the afore 
mentioned electrolysis of an alkali metal fluotitanate in a 

These expedients are effective in pre 

2 
fused diluent salt bath can be markedly increased by con 
trolling the maximum amount of certain impurities which 
are normally introduced into the bath as impurities in 
digenous to the fluotitanate. The impurities which we 
have found to be critical in this regard are aluminum, 
chromium, iron and vanadium, these elements normally 
being present in the trivalent form in such a fused salt 
bath. We have found that when the total amount of these 
trivalent elements in the bath is maintained below 0.1% 
by weight of the titanium content of the bath, the average 
particle size of the cathodically deposited metal is much 
larger than could be obtained heretofore. . . 

Accordingly, our present invention represents an out 
standing improvement in the production of metallic ti 
tanium by electrolysis of an alkali metal fluotitanate in 
a diluent bath composed of one or more alkali and alka 
line earth metal halides. Our improvement comprises 
maintaining the total bath content of aluminum, chro 
mium, iron and vanadium below 0.1% by weight of its 
titanium content with the resulting production of titanium 
metal in greater yield and in the form of particles at least 
90% of which are larger than 325 mesh and the average 
size of which is at least about one-quarter inch. Control 
of the amount of these trivalent impurities in the fused 
sait bath is attained by using as the fluotitanate an alkali 
anetal fluotitanate purified to the extent that its total con 
tent of aluminum, chromium, iron and vanadium is less 
than 0.02% by weight, with the result that the massive 
titanium metal produced from the cathode deposit in 
variably exeeds 99.5% titanium and less than 0.1% 
OXygen. . . . . . 

The alkali metal fluotitanates from which titanium metal 
may be obtained by electrolysis in a fused salt bath are 

40 

sodium and potassium fluotitanate, NagTiF6 and K2TiFe, 
respectively. Pursuant to the present methods of produc 
ing these salts, the salts are obtained in the form of an 
aqueous solution thereof and recovery of the salt is ob 
tained by simple crystallization from the solution. The 
Sodium and potassium fluotitanates thus produced are 
of high purity by normal commercial standards and it 
has not been realized heretofore that these salts contain 

50 

55 

60 

65 

70 

any impurity in such amount as to deleteriously affect the 
quality of the metallic titanium cathodically deposited 
therefrom. Thus, the sodium and potassium fluotitanates 
obtained as described hereinbefore, and which generally 
contain a total of about 0.5% of all minum, chromium, 
iron and vanadium as tolerable impurities, yield upon 
electrolysis metallic titanium substantially free of these 
inpurities. Although the metallic titanium produced from 
the purified fluotitanates used in the practice of cur present 
invention contains even less of these impurities, the most 
valuable improvement resulting from the use of the puri. 
fied fluotitanates resides in the increased particle size of 
the deposited metal. - 

Purification of the alkali metal fluotitanates for use in 
the practice of our invention should be such as to reduce 
the total content of the normally trivalent impurities 
aluminum, chronium, iron and vanadium at least to 
0.02% by weight of the salt. Although the method of 
purification of the salt is not critical, we have found that 
the most simple and effective purification procedure is to 
recrystallize the salt. Thus, the commercial grade of 
alkali metal fluotitanate is dissolved in such an amount of 
hot water as to form a saturated solution at a temperature 
of about 90° C., whereupon cooling of the solution to 
ambient temperature results in recrystallization of the 
fluotitanate. The recrystallized fluotitanate so obtained 
may be removed readily from the mother liquor by any 
conventional filtering device and is readily amenable to 
drying in pan driers and the like at temperatures of about 
120° C. The resulting dried product will then contain 
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not more than 0.02% by weight of aluminum, chromium, 
iron and vanadium, inclusive. Additional recrystalliza 
tion steps may be performed if desired, but we have found 
that the major improvement is obtained by the aforemen 
tioned single recrystallization of the initially crystallized 
product. 
The salts useful in forming the diluent bath are the 

conventionally used alkali metal and alkaline earth metal 
halides. Either one or a mixture of such halides may be 
used in the practice of our invention inasmuch as the 
control of the impurities in the fluotitanate pursuant to 
our invention leads to consistently better results with any 
given diluent bath composition. Accordingly, sodium 
chloride may be used as the sole component of the diluent 
bath or mixtures of the aforementioned halides, such as 
a eutectic mixture of sodium chloride and potassium 
chloride, may be used where it is desired to obtain a lower 
melting point bath. However, sodium chloride alone 
forms a diluent bath which permits electrolysis within a 
temperature range of about 700 to 1000 C. and is so 
relatively inexpensive and of such high purity that we 
presently prefer to use this salt as the diluent bath com 
ponent. Where other alkali metal and alkaline earth 
metal halides are used in making up the diluent bath com 
position, they should be obtained in a sufficiently high 
state of purity as to not introduce any significant amount 
of the aforementioned trivalent impurities into the bath. 
The amount of alkali metal fluotitanate which is incorpo 

rated in the diluent salt bath in practicing our invention 
is not critical within the range of 0.5 to 35 mol per cent 
of the diluent bath component, but within this range we 
have found it advantageous to use between 10 and 25 mol 
per cent of the fluotitanate. 

Although it has heretofore been considered necessary 
to remove moisture from the cell bath not merely to the 
extent possible by vacuum drying but to the much greater 
extent possible by pre-electrolysis of the bath, we have 
found that such pre-electrolysis is not essential to the 
quality of particle size of the electrodeposited titanium 
metal obtained by the practice of our invention. Thus, we 
have found it to be wholly satisfactory to subject the bath 
components merely to vacuum drying at temperatures up 
to about 200 C., a vacuum of the order of one millimeter 
of mercury or less being sufficient for this purpose. When 
the bath components are thus vacuum dried, they may be 
used directly in the operation of an electrolytic cell in the 
practice of our invention, 
The practice of our invention does not necessitate any 

modification in the cell geometry or operating conditions 
which have been previously ascertained to be useful in 
the electrolysis of the unpurified fluotitanates heretofore. 
Thus, the cell voltage should be such as to provide the 
necessary decomposition voltage for the alkali metal fluo 
titanate while nevertheless being below the decomposi 
tion voltage of the diluent bath components. Current 
densities up to about 400 amperes per square decimeter 
are also not critical inasmuch as with any specific current 
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density up to that limit an improvement in the particle 
size of the deposited titanium is noted when the purified 
fluotitanate is used in accordance with our invention as 
compared with the particle size previously obtainable 
under identical conditions with the unpurified fluotitanate. 
Within the aforementioned range, current densities of the 
order of 200 to 400 amperes per square decimeter are 
particularly useful and lead to commercially acceptable 
current efficiencies of at least 50%. We have ascer 
tained, however, that the maximum improvement in par 
ticle size of the deposited titanium obtained at any cell 
Voltage and current density used in practicing our inven 
tion is obtained when the voltage gradient between the 
cell anode and cathode is at least one volt per centimeter. 
For example, with a cell voltage of about 6 to 8 volts, we 
have found it advisable to maintain all portions of the 
anode and cathode immersed in the fused bath within a 
maximum mutual spacing of 2 inches. It must be under 
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4 
stood, however, that the increase in particle size obtain 
able by adopting the aforementioned optimum values of 
current density and voltage gradient are cumulative with re 
spect to the increase in particle size obtained simply by the 
use of a purified fluotitanate according to our invention. 
Thus, under all cell conditions which result in the electro 
deposition of metallic titanium from an unpurified fluo 
titanate, the use of a purified fluotitanate pursuant to our 
invention will, under the same cell conditions, effect a 
substantial increase in the particle size of the electro 
deposited titanium. Adoption of the other optimum cell 
conditions recited hereinbefore merely accentuates this 
increase in particle size and therefore they are not essen 
tial conditions but merely optimum conditions of cumu 
lative value. 
The products of the electrolysis consist of titanium 

metal deposited at the cathode and chlorine gas evolved at 
the anode. No fluorine is evolved and consequently the 
concentration of fluorides in the bath is progressively 
uilt up by successive additions of the alkali metal fluo 

titanate. We have found it generally advisable to con 
tinue electrolysis of the alkali metal fluotitanate in the 
aforementioned diluent bath only until the molar ratio 
of potassium fluoride to sodium fluoride in the bath 
reaches a value of about 2:1. At this point, we have found 
it desirable to replace the diluent bath, the spent bath 
being appropriately treated for recovery of its potassium 
and fluorine components. 
The following specific examples are illustrative but not 

limitative of the practice of our invention: 
Example I 

Commercial grade potassium fluotitanate was mixed 
with a sufficient amount of water to form a saturated 
solution at 90° C. A further addition of about 1% by 
weight of potassium fluoride was added to the mixture in 
order to enhance subsequent crystallization of the fluo 
titanate from the saturated solution by virtue of the com 
mon ion effect. Upon cooling to room temperature, 
crystals of potassium fluotitanate were formed and these 
crystals were separated from the mother liquid by filter 
ing, were given a single wash with pure water and were 
then pressed dry on the filter. The resulting purified 
potassium fluotitanate contained by chemical analysis a 
total of less than 0.1% by weight of aluminum, chromi 
um, iron and vanadium, less than one-fifth of the total 
content of these elements in the initial commercial grade 
fluotitanate. The purified salt was then vacuum dried 
at a pressure of about one millimeter of mercury for a 
period of 12 hours at a temperature of 170° C. 
An electrolytic cell was heated to a temperature of 850 

C. in a dry argon atmosphere and thereupon chemical 
ly pure sodium chloride was charged to the cell and heat 
ing was continued under the argon atmosphere until the 
sodium chloride was fused. At this point, the aforemen 
tioned vacuum dried purified potassium fluotitanate was 
transferred to the fused sodium chloride bath in such 
manner as to minify exposure of the salt to the ambient 
atmosphere. The amounts of these charge components 
were 380 units of the purified fluotitanate and 1800 units 
by weight of the sodium chloride. An iron cathode was 
then inserted in the bath to a depth of 2 inches and spaced 
from the anode a maximum of 1.5 inches. The cell tem 
perature was promptly lowered to 750 C. and electroly 
sis of the fused bath was then carried out at this tempera 
ture under an argon atmosphere while maintaining a cell 
voltage within the range of 4.8 to 6.1 volts. The cur 
rent density during the electrolysis period of 92 minutes 
varied between 300 and 400 amperes per square decimeter. 
At the conclusion of the electrolysis, the bath was cooled 
so that the cathode could be removed at a temperature 
sufficiently low to insure against oxidation of the sponge 
like cathode deposit of titanium metal. The titanium was 
separated from the cathode, was washed with dilute sul 

75 furic acid, and was then washed with water and dried in 
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a vacuum. The yield of titanium metal was determined 
to be 54 parts by weight and represented a yield efficiency 
of 80% at a current efficiency of approximately 50%. 
The titanium metal product was coarsely crystalline in 
appearance and was subjected to sizing tests which estab 
lished that 12.5% by weight of the product had a par 
ticle size of less than 325 mesh and that the remainder 
of 87.5% had a substantial proportion of crystals which 
were approximately /2 inch in diameter. Analysis of 
the coarse crystalline product was as follows: 
Ti------------------ ------------ 99.9- 
Si------------------------------ 0.001 
Fe------------------------------ 0.005 
Mg----------------------------- Less than 0.001 
Mn----------------------------- Less than 0.001 
Al------------------------------ 0.007 
Mo----------------------------- Less than 0.001 
V------------------------------. Less than 0.001 
Cu-----------------------------. Less than 0.0005 
7r------------------------------ 0.01 
Pb------------------------------ Less than 0.002 
O---------------------- -- run m - - - - - Less than 0.04 

N------------------------------ 0.009 
C------------------------------. 0.01 

Example II 
The operation described in Example I was repeated with 

identical amounts of materials, tempertaures and electrical 
conditions but with a single variation in that recrystal 
lization and vacuum drying of the potassium fluotitanate 
were omitted. Under these conditions, the yield of 
titanium metal from the cathode deposit was only 50 
parts by weight, representing a 46% current efficiency 
and a 74% yield efficiency. The screen analysis of the 
cathode deposit was 74% minus 325 mesh and only 26% 
coarser than 325 mesh, and the over-all product was so 
fine that it was difficult to wash. The product contained 
approximately 98% titanium and 0.2% oxygen. 

Example III 
Commercial grade potassium titanium fluoride was 

recrystallized and vacuum dried as described in Example 
I. Simultaneously, chemically pure sodium chloride was 
similarly vacuum dried. The two products were then 
thoroughly mixed at room temperature in the same 
amounts as described in Example and the mixture was 
subjected to further vacuum drying for an additional 2 
hours. The electrolytic cell was heated to 850° C. in 
an argon atmosphere, and the vacuum dried mixture of 
potassium fluotitanate and sodium chloride was then add 
ed quickly to the cell. A vacuum was promptly applied 
to the cell and heating was continued until the mixture 
of salts was molten. Thereupon, the cell vacuum was 
replaced with a dry argon atmosphere, and electrolysis of 
the molten salt was carried out under the same condi 
tions as described in Example I. The electrodeposited 
titanium metal was composed of 60 parts by weight of 
relatively coarse metal product representing a 56% cur 
rent efficiency and an 89% yield efficiency. Screen 
analysis of this product showed that only 6% of it was 
minus 325 mesh, that 94% of it was coarser than 325 
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mesh, and that the plus 325 mesh portion consisted pre 
dominantly of flakes ranging from 0.25 inch to 1.0 inch 
in length. 

It will be seen, accordingly, that the purification of 
the alkali metal fluotitantae prior to electrolysis in a 
diluent fused bath in accordance with our present in 
vention results in a remarkable increase in the particle 
size of the electrodeposited titanium metal. The use of 
purified potassium fluotitanate according to our invention 
thus results in the electrolytic production of titanium 
metal capable of being converted to ingot form with 
only such a minute amount of oxygen that the ingot 
metal is malleable and amenable to cold working. A 
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further advantage resides in the fact that the practice of 
our invetnion eliminates the necessity of subjecting the 
fused salt bath to pre-electrolysis and therefore con 
tributes to the art a substantial saving in the power re 
quirements heretofore considered necessary for the elec 
trolytic production of metallic titanium. It has been 
observed heretofore that at bath temperatures sufficiently 
high to maintain fused salt conditions, and thus estab 
lish condiitons making possible pre-electrolysis of the 
bath, moisture in the bath tended to cause hydrolysis of 
the titanium salt. Such hydrolysis results in the com 
bination of the oxygen component of the water with the 
titanium salt to form a titanium-oxygen compound which 
is not decomposed prior to the titanium electrolysis, and 
consequently hydrolysis of the titanium salt has in the 
past resulted in significant oxygen-contamination of the 
electrodeposited titanium. This tendency toward hydrol 
ysis is eliminated by the practice of our invention inas 
much as it makes possible adequate dehydration of the 
bath components by simple vacuum drying at tempera 
tures not substantially in excess of 200. C., and in this 
'additional respect our invention offers a further contribu 
tion to the advancement of the art of titanium production. 
We claim: 
1. A method of producing metallic titanium in the form 

of particles substantially all of which are larger than 325 
mesh which comprises: forming an anhydrous fused salt 
electrolyte consisting essentially of at least one salt of 
the group consisting of alkali metal halides and alkaline 
earth metal halides, maintaining the fused salt bath at . 
an elevated temperature and under an inert atmosphere, 
providing an alkali metal fluotitanate containing more 
than a total of 0.02% by weight of the trivalent impuri 
ties: aluminum, chromium, vanadium and iron, purifying 
the alkali metal fluotitanate to the extent that its total 
content of aluminum, chromium, iron and vanadium is 
less than 0.02% by weight, introducing an amount of 
the purified alkali metal fluotitanate into the fused salt 
bath sufficient to form a mixture containing between 0.5 
and 35 mol percent of the fluotitanate, electrolyzing the 
So-formed mixture and recovering the titanium as an 
electrodeposit consisting of particles substantially all of 
which are larger than 325 mesh. 

2. A method of producing metallic titanium in the form 
of particles at least 90% of which are larger than 325 
mesh and the average size of which is at least about one 
quarter inch which comprises: forming an anhydrous 
fused salt electrolyte consisting essentially of at least one 
Salt of the group consisting of alkali metal halides and 
alkaline earth metal halides, maintaining the fused salt 
bath at an elevated temperature and under an inert at 
mosphere, providing an alkali metal fluotitanate contain 
ing more than a total of 0.02% by weight of the trivalent 
impurities: aluminum, chromium, vanadium and iron, 
purifying the alkali metal fluotitanate to the extent that 
its total content of aluminum, chromium, iron and 
vanadium is less than 0.02% by weight, introducing an 
amount of the purified alkali metal fluotitanate into the 
fused salt bath sufficient to form a mixture containing 
between 0.5 and 35 mol percent of the fluotitanate, elec 
trolyzing the so-formed mixture under a cell voltage 
gradient of at least one volt per centimeter between anode 
and cathode and with a current density not in excess of 
400 amperes per square decimeter and recovering the 
titanium as an electrodeposit consisting of particles sub 
stantially all of which are larger than 325 mesh. 

3. A method of producing metallic titanium in the form 
of particles substantially all of which are larger than 325 
mesh which comprises: forming an anhydrous fused salt 
electrolyte consisting essentially of at least one alkali 
metal chloride, maintaining the fused salt bath at an 
elevated temperature and under an inert atmosphere, 
providing an alkali metal fluotitanate containing more than 
a total of 0.02% by weight of the trivalent impurities: 
aluminum, chromium, vanadium and iron, purifying the 

  



alkali metal fluotitanate to the extent that its total content 
of aluminum, chromium, iron and vanadium is less than 
0.02% by weight by recrystallizing the impure alkali metal 
fluotitanate from an aqueous medium, introducing an 
amount of the purified alkali metal fluotitanate into the 
fused salt bath sufficient to form a mixture containing 
between 0.5 and 35 mol percent of the fluotitanate, elec 
trolyzing the so-formed mixture and recovering the 
titanium as an electrodeposit consisting of particles sub 
stantially all of which are larger than 325 mesh. 

4. A method of producing metallic titanium in the 
form of particles substantially all of which are larger 
than 325 mesh which comprises: forming an anhydrous 
fused salt electrolyte consisting essentially of at least one 
salt of the group consisting of alkali metal halides and 
alkaline earth metal halides, maintaining the fused salt 
bath at an elevated temperature and under an inert at 
mosphere, providing an alkali metal fluotitanate con 
taining more than a total of 0.02% by weight of the 
trivalent impurities: aluminum, chromium, vanadium and 
iron, purifying the alkali metal fluotitanate to the ex 
tent that its total content of aluminum, chromium, iron 
and vanadium is less than 0.02% by weight by recrystal 
lizing the impure alkali metal fluotitanate from an aque 
ous medium, drying the recrystallized purified fluotitan 
ate, introducing an amount of the dried purified alkali 
metal fluotitanate into the fused salt bath sufficient to 
form a mixture containing between 0.5 and 35 mol per 
cent of the fluotitanate, electrolyzing the so-formed 
mixture and recovering the titanium as an electrode 
posit consisting of particles substantially all of which are 
larger than 325 mesh. 

5. A method of producing metallic titanium in the 
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form of particles substantially all of which are larger 
than 325 mesh which comprises: forming an anhydrous 
fused salt electrolyte consisting essentially of at least 
one alkali metal chloride, maintaining the fused salt bath 
at an elevated temperature and under an inert atmos 
phere, providing an alkali metal fluotitanate containing 
more than a total of 0.02% by weight of the trivalent 
impurities: aluminum, chromium, vanadium and iron, 
purifying the alkali metal fluotitanate to the extent that 
its total content of aluminum, chromium, iron and va 
nadium is less than 0.02% by weight by recrystallizing 
the impure alkali metal fluotitanate from an aqueous 
medium, drying the purified fluotitanate under a vacuum 
at least as low as one millimeter of mercury at an ele 
vated temperature up to about 200 C. prior to electroly 
sis, introducing an amount of the dried purified alkali 
metal fluotitanate into the fused salt bath sufficient to 
form a mixture containing between 0.5 and 35 mol per 
cent of the fluotitanate, electrolyzing the so-formed mix 
ture and recovering the titanium as an electrodeposit con 
sisting of particles substantially all of which are larger 
than 325 mesh. - 
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