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This invention relates to the production of titanium 
metal. 
The principal object of the invention is to provide a 

process for the making of titanium metal by electrolysis. 
A further object of the invention is to maintain con 

ditions of electrolysis so as to produce the titanium metal 
in the form of relatively large crystalline aggregates 
resistant to oxidation. 

Further objects of the invention, particularly the pro 
vision of special procedures which develop the titanium 
salt solute of the electrolytic bath in an economical and 
effective manner, will appear from the following speci?ca 
tion taken in connection with the accompanying drawings 
in which: 
FIG. 1 shows a typical ?ow sheet outlining the main 

features and steps involved; 
FIGS. 2 and 3 are similar showings of modi?ed pro 

cedures; and 
FIG. 4 is a diagrammatic sectional view of an electro 

lytic cell illustrating a typical operation of the process 
of FIG. 3. 

In the speci?c process illustrated in FIG. 1 a supply of 
titanium tetrachloride is indicated at 5. This is pro— 
duced from the titanium ore by any of the known proc 
esses such, for instance, as the treatment of ilmenite with 
carbon and chlorine. 
The tetrachloride 5 is not suited for electrolysis and 

must be reduced to the trichloride or dichloride, for ex 
ample, by heating in contact with titanium metal, desig 
nated 6 in the drawing, as follows: 

,Some TiCl, remains with the TiCls in the form of 
vapor and liquid giving a mixture of trichloride and tetra 
chloride, designated 8, also containing dichloride. 

Separation of the desired trichloride and dichloride 
from the tetrachloride is accomplished by carrying over 
the mixture 8 into contact with the surface of a molten 
mass, preferably a halide such as sodium chloride, as 
indicated at 9 in the drawing. On contact the tetra 
chloride is vaporized and passes off at 10 While ‘the tri 
chloride and dichloride are received and dissolved in the 
molten mass, this procedure being continuous and ac 
cumulating the trichloride and dichloride as a solute in 
the solution. 

This molten solution of titanium trichloride and di 
chloride is then passed into a cell where it is subjected 
to electrolysis by potential applied across cathode 12 and 
anode 13, the concentration, temperature and current 
density being regulated to give a desired formation of 
the titanium deposit on the cathode 12, with chlorine 
liberated at the anode. The solution may be reinforced 
from time to time with additional trichloride and/or di 
chloride and the electrodes 12, 13 may be removed and 
replaced, making the electrolysis continuous in its pro 
duction of the titanium metal. 
The chlorine may, of course, be reclaimed and used, 

for instance, in the production of the tetrachloride from 
the ore. 

The preferred concentration of the trichloride and 
dichloride in the molten bath is of the order of 20% to 
30% by weight on an equivalent trichloride basis. Con 

10 

15 

20 

25 

35 

40 

45 

55 

60 

70 

3,137,641 
Patented June 16, 1964 ICE 

2 
centrations within the range of 12% to 43%, have been 
electrolyzed. Too high a concentration results in un 
necessary loss of trichloride and dichloride or titanium 
by adherence to the cathode with the titanium. Too low 
a concentration will lower the ef?ciency and capacity 
of the cell. These are the controlling factors so far as 
concentration is concerned. The temperature range is 
400° C. to above 1050° C. with best results at 700° C. 
to 800° C. for large crystalline aggregates of good bright 
metal. At low temperatures the tendency is toward ti 
tanium deposits in granulated or powdery form. 
The cathode current density is from a fraction of an 

ampere per square inch to about 20 amperes. The most 
effective range for larger metal particles is 0.1 to 0.5 
ampere per square inch. At lower and higher densities 
the particle size of the deposit decreases, the larger crys 
tals being characteristic of the intermediate current den 
sities. The voltage across the cell terminals is normally 
2.0 to 2.4 volts, whichis above the decomposition po 
tential of the titanium compounds, and may range from 
1.5 volts minimum up to 5 volts depending, for instance, 
on temperature and other factors. 
Good results with large crystals and favorable weight 

distributions with most of the metal in large masses have 
been obtained at 2.4 volts, 1.5 amperes (equivalent to 
0.3 ampere per square inch at the cathode), 28% TiCla 
equivalent and at 850° C. to 710° C. The chlorine is 
desirably separated from the cell rapidly by appropriate 
ba?ling. 
The cathode material 12 can be any conducting metal 

which remains solid at the temperature of the bath during 
electrolysis. Titanium is preferred and copper, nickel, 
iron, stainless steel, and tungsten have been used. The 
anode 13 is preferably of graphite or electrocarbon. 

‘ Carbon and graphite have been used, titanium may be 
used when desirable to maintain a constant concentra 
tion of the solute titanium salt and at low temperatures 
and current densities tungsten may be used. 
When the trichloride and dichloride are dissolved in 

the bath they do not decompose even though the tem 
perature of the bath is above their disproportionation 
temperatures because as solute they are stabilized. 
The titanium trichloride or dichloride may be dissolved 

in the molten halide of any metal more electropositive 
than titanium. Potassium chloride has been used as have 
mixtures such as (a) lithium and potassium chlorides and 
(b) sodium-lithium-potassium chlorides and (c) sodium 
potassium chlorides and (d) sodiumpotassium-barium 
chlorides, and (e) sodium-calcium chlorides and (,f) 
_sodium-potassium-calcium chlorides. 

The procedures outlined in the ?ow sheet of FIG. 1 
leading to the ?nal electrolytic bath may be simpli?ed 
and improved by effecting the reduction of the titanium 
tetrachloride by the titanium metal in a. molten halide 
bath, thus combining steps designated 2, 3 and 4 as dia 
grammed in FIG. 2. The reduction of the tetrachloride 
and the solution of the trichloride and dichloride in the 
molten halide is then attained in a single step. This is 
accomplished by vaporizing the tetrachloride, as shown 
at 15 in FIG. 2, and by bringing the tetrachloride vapors 
into contact with the molten mass of the halide 16 con 
taining titanium metal 17 which acts as a reducing agent. 
The tetrachloride fed to the body of the molten halide 
is reduced by the titanium metal and the supply is con 
trolled to avoid excess of tetrachloride and give the de 
sired concentration in the molten halide bath. This may 
be the concentration desired for electrolysis or further 
blending or additions to bring it into condition for elec 
trolysis may be required. 
A further simpli?cation of the operations is diagram 

med in FIG. 3 which combines the reduction and elec 
trolysis in a single reaction vessel 20 as illustrated in out 
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line in FIG. 4. The titanium tetrachloride (preferably 
in liquid form) is continuously fed to the bottom of the 
molten electrolyte 21, where it vaporizes, through ?ow 
tube 22 and onto the titanium metal pieces 17 at such rate 
as to maintain a constant trichloride equivalent concentra 
tion in the bath. The container may be of iron, the inner 
surface being coated with solid salt Within which the 
molten electrolyte is kept ?uid by the heat of the elec 
trolysis. 
The tetrachloride vapor impinges on the metal main 

tained at the temperature of electrolysis of about 700° C. 
as above indicated. The gas aids in stirring the fused salt 
21 and in the distribution of the trichloride and di 
chloride. The 13.0. potential across the anode 23 and 
cathode 24 deposits metallic titanium at the cathode, the 
voltage being maintained at about 2.4 volts. The cath~ 
ode 24 may be periodically removed for recovering of 
the adhered titanium crystals, and replaced for subsequent 
deposition. 
The temperature of reduction of the tetrachloride by 

the titanium metal may be in the neighborhood of 400° C. 
to 500° C. and other reducing agents may be used for 
this reduction step, namely hydrogen, zinc, cadmium, 
iron, nickel, aluminum, magnesium, or titanium carbide. 
The process is readily controlled to provide a deposit 

of titanium metal in desired form and the procedures are 
ef?cient and may be economically combined in a compact, 
simple manner. It is possible to use other halides of ti 
tanium as the solute in the molten bath but the chlorides 
are preferred and other halides of metals more electro 
positive than titanium may be used in molten form as the 
solvent. The operations substantially exclude water from 
the bath and the complications resulting from its presence. 

I claim: 
1. The process of producing titanium metal in solid‘ 

form comprising, dissolving a material of the group con 
sisting of titanium dichloride and titanium trichloride as 
a solute in a solvent molten bath composed of materials 
of the group consisting of alkali-metal chlorides and alk 
aline-earth chlorides and mixtures thereof, and electro 
lyzing said bath containing said solute in a cell contain 
ing a solid cathode, thereby depositing titanium metal in 
crystalline aggregates on said cathode. 

2. The process of claim 1 wherein said cathode is ti 
tanium metal. 

3. The process of producing titanium metal in solid 
form comprising, dissolving a material of the group con 
sisting of titanium dichloride and titanium trichloride as 
asolute in a solvent molten bath composed of materials 
of the group consisting of alkali metal chlorides and 
alkaline-earth chlorides and mixtures thereof free of water, 
electrolyzing said bath containing said solute in a cell 
containing a solid cathode, thereby depositing titanium 
metal in crystalline aggregates on said cathode, and pro 
viding a separate molten supply of said bath components 
containing said solute and continuously passing it into 
said cell thus maintaining the continuity of the depositing 
of said titanium metal. 

4. The process of producing titanium metal in solid 
form comprising, producing a solute material of the group 
consisting of titanium dichloride and titanium trichloride 
in a solvent molten bath composed of materials of the 
group consisting of alkali metal chlorides and alkaline 
earth chlorides and mixtures thereof which contains ti~ 
tanium metal by introducing titanium tetrachloride into 
said bath into contact with said metal, and electrolyzing 
said bath containing. said solute in a cell containing a 
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solid cathode, thereby depositing titanium metal in crys 
talline aggregates 011 said cathode. 

5. The process of producing titanium metal in solid 
form comprising, producing a solute material of the group 
consisting of titanium dichloride and titanium trichloride 
in a solvent molten bath composed of materials of the 
group consisting of alkali metal chlorides and alkaline~ 
earth chlorides and mixtures thereof, and continuously 
supplying said solute-containing bath to a molten electro 
lyte containing an anode and a solid cathode, and electro 
lyzing said solute in said bath between said electrodes 
thereby depositing titanium metal in crystalline aggregates 
on said cathode. 

6. The process of producing titanium metal in solid‘ 
form comprising, dissolving a material of the group con 
sisting of titanium dichloride and titanium trichloride as 
a solute in a solvent molten bath composed substantially 
of sodium chloride and electrolyzing said bath containing 

1 said solute in a cell containing a' solid cathode, thereby 
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depositing titanium metal in crystalline aggregates on said 
cathode. 

7. The process of producing titanium metal in solid 
form comprising, dissolving a material of the group con 
sisting of titanium dichloride and titanium trichloride as 
a solute in a solvent molten bath composed of materials 
of the group consisting of alkali metal chlorides and alka 
line-earth chlorides and mixtures thereof, and electro 
lyzing said bath containing said solute in a cell containing 

'7 a titanium metal anode and a solid cathode, thereby de 
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positing titanium metal in crystalline aggregates on said 
solid cathode. 

- 8. The process of producing titanium metal in solid 
form comprising dissolving a material of the group con 
sisting of titanium dichloride and titanium trichloride as 
a solute in a solvent molten bath composed of materials 
of the group consisting of alkali metal chlorides and alka 
line earth chlorides and mixtures thereof, and electro 
lyzing said bath containing said solute in a cell having a 
titanium metal anode and a solid cathode to maintain a 
concentration of titanium dichloride and trichloride in 
said electrolyte, thereby depositing titanium metal in crys 
talline aggregates on said solid cathode. 

9. The process of producing titanium metal in solid 
form comprising providing a material of the group con 
sisting of titanium dichloride and titanium trichloride as 
a solute in a solvent molten bath composed of materials 
of the group consisting of alkali metal chlorides and alka 
line earth chlorides and mixtures thereof, and electro 
lyzing said bath containing said solute in a cell having 
a solid cathode and an anode containing titanium to main 
tain a concentration of titanium dichloride and trichloride 
in said electrolyte, thereby depositing titanium metal in 
crystalline aggregates on said solid cathode. 
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