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1. 

2,890,112 
METHOD OF PRODUCING TITANIUM METAL 

Charles H. Winter, Jr., Wilmington, Del, assignor to E. I. 
du Pont de Nemours and Company, Wilmington, Del., 
a corporation of Delaware 
Application October 15, 1954, Serial No. 462,533 

3 Claims. (CI. 75-84.5) 

This invention relates to the preparation of metals and 
alloys, and more particularly to an integrated two-step 
novel reduction process for producing titanium metal. 
The preparation of metals by the reduction of a metal 

halide salt with an active reducing metal is well known. 
Thus, the production of titanium metal by reducing ti 
tanium tetrachloride with magnesium metal is described 
in U. S. Patents 2,205,854, 2,556,763, 2,567,838, 2,607.- 
674 and 2,621,121. The by-product halide salt obtained 
from the reduction can be treated chemically and/or 
electrically to recover reducing metal and halogen values 
present therein. Thus, by-product magnesium chloride 
can be, electrolyzed to recover magnesium and chlorine 
values therefrom, the chlorine being useful in titanium 
tetrachloride production while the magnesium can be re 
employed in the reduction step. 
Many difficulties (which result in an undesired low rate 

of metal production) are encountered in the single step 
reduction of titanium tetrachloride by magnesium due to 
the large amount of heat released by the reaction and 
the inability to effectively control many reaction variables. 
It has been found that an advantageous method of allevi 
ating many of these difficulties is to carry out the reduc 
tion reaction in a two-step manner; that is, the titanium 
tetrachloride is first reacted with a controlled amount 
of a reducing metal, preferably sodium, to produce a 
salt composition comprising a lower chloride of titanium 
and sodium chloride, and this salt composition is then 
reacted, in a second step, with the required amount of 
reducing metal, preferably magnesium, to obtain the de 
sired titanium metal. The by-product salt from this two 
step process comprises a mixture of sodium chloride and 
magnesium chloride which disadvantageously does not 
lend itself to usual processes for recovery of the magne 
sium reducing metal and chlorine. It cannot be used ad 
vantageously in a magnesium cell because of sodium 
chloride accumulation, nor can it be fed directly to a 
commercial type sodium cell such as a Downs cell. 

It is among the objects of this invention to overcome 
the above and other disadvantages of prior metal pro 
ducing processes, and to provide novel and effective meth 
ods for attaining such objects. One particular object is to 
provide an integrated two-step metal reduction method in 
which the salt by-products are effectively treated for re 
covery of components adapted to be recycled for reuse in 
the system. A further object is to provide novel means 
for utilizing the by-products in such integrated process 
and to produce sodium for use in the initial reduction 
step, magnesium-calcium alloy for use in the second re 
duction step, and chlorine for use in the production of 
the metal halide reactant utilized in such process. A 
specific object is to produce titanium metal and alloys 
thereof. Other objects and advantages of the invention 
will be apparent from the ensuing description and the 
accompanying diagrammatic drawing consisting of a flow 
sheet arrangement illustrative of one integrated two 
step reduction process in accordance with the invention. 
The foregoing objects and advantages are realized in 
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2 
this invention which comprises initially reacting titanium 
tetrachloride with a regulated amount of sodium metal 
to form a molten titanium subchloride-sodium chloride 
salt composition, reacting said composition with a mag 
nesium-calcium alloy reducing agent to produce titanium 
metal and a molten, ternary by-product salt of said agent, 
separating said titanium metal and by-product salt prod 
lucts, subjecting the ternary by-product salt composition 
recovered to electrolysis in a molten salt electrolytic cell 
to produce sodium metal, magnesium-calcium alloy, and 
chlorine, and separately recycling said products of elec 
trolysis for reuse in the process. 

Referring to the drawing and to one adaptation of 
the invention, the necessary quantity of a ternary salt 
electrolyte composition, comprising, for example, a molten 
mixture of, say, 51.2% MgCl2, 7.1% CaCl2, and 41.7% 
NaCl, can be charged, via a suitable inlet and from a 
source of supply (not shown) into an electrolytic cell 1. 
Said cell is conventional in design and operation and pref 
erably comprises the sodium type cell shown at page 531 
of Mantell's industrial Electrochemistry, 3rd edition. 
The initial heating, starting up, and operation of this type 
of cell is fully described at pages 532-537 of that pub 
lication. In the cell 1, electrolysis at temperatures rang 
ing from 520° C. to 900 C., of the salt composition 
occurs and molten sodium, molten Mg-Ca. alloy, and 
chlorine are produced. The molten sodium and molten 
Mg-Ca alloy are withdrawn from the cell through a 
conduit 2 into an associated storage vessel or collector 3, 
which, together with the conduit 2, can be suitably in 
sulated and electrically or otherwise heated so that the 
vessel and conduit are maintained under a temperature 
of about 550-650° C. In the collector 3 the two im 
miscible metal phases separate due to differences in den 
sity and form an upper molten Na layer 4 and a lower 
molten Ca-Mg layer 5. Chlorine formed in the cell 1 
can be stored for later use, or, as shown, is withdrawn 
therefrom through a line 6 and fed to a TiCl4 preparation 
stage 7 wherein it is employed in the conventional chlo 
rination of a titaniferous ore, such as ilmenite, at elevated 
temperatures in the presence of a reducing agent such as 
carbon, as contemplated, for example, in U.S. Patents 
Nos. 1,179,394, 2,184,884, 2,184,885, 2,184,887, 2,020. 
431, etc. 

Pure titanium tetrachloride from stage 7 (or from any 
other available source) is fed via line 8 at a controlled 
rate to a primary reduction stage 9 wherein preparation 
for use in the process of a titamium subchloride inter 
mediate (TiClaxNaCl, with x=1-2, inclusive) is ef 
fected. The primary reducer 9 comprises a convention 
all type reaction vessel adapted to be maintined at ten 
peratures ranging from about 550-1300 C. It is suit 
ably provided with separate inlets through which, after 
apparatus purging, the TiCl, reactant from the line 8 
is charged for reaction with the molten (at about 150 
C.) Na reactant fed thereto from the collector 3 through 
the line 10 and which is also maintained under an inert 
atmosphere. The titanium subchloride intermediate 
formed in the primary reducing stage 9 is then introduced 
while at a temperature of about 600° C. into a reactor 
equipped with an agitator, pressure releasing and purg 
ing means, and product withdrawal means provided in 
secondary reducing stage 12 of the system. In said stage 
12, reduction of said intermediate is effected under an in 
ert atmosphere at temperatures ranging from about 550 
950 C. with pellets of the previously formed Mg-Ca al 
loy from the collector 3, said alloy being fed to an inlet 
thereto communicating with the line 13 issuing from the 
bottom of said collector. Particulate titanium metal and 
by-product salt, MgCl-CaCl-NaCl reaction products 
are drained from the secondary reactor and the titanium 
product and by-product salt are separated through con 
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ventional screening or other desired treatment. The by 
product salt is maintained in molten state and recycled, 
via line 14, to the cell 1 as an electrolyte feed therefor, 
after addition of any small amount of make-up material 
required to substitute for any retained in the particulate 
titanium metal product after the draining or separation 
step. The titanium metal particles recovered are re 
moved from the stage 12 through a line 15, cooled under 
an inert atmosphere to approximately room temperature 
and are then subjected to conventional purification treat 
ment, such as by leaching with dilute (about 5%) nitric 
acid. The leached product is then washed and dried to 
provide a highly useful form of commercial titanium met 
al. Vaporization or vacuum distillation to remove by 
product salts are alternative purification means. 
To a clearer understanding of the invention, the fol 

lowing specific examples are given. These are merely 
illustrative and are not to be construed as limiting the 
scope of the invention. 

Example I 
To an electrolytic cell in a system of the type above 

described there was fed, at a continuous rate of 32.5 
Ibs./hr, the following molten salt charge, per day 400 
lbs. of magnesium chloride, 55 lbs. of calcium chloride 
and 325 lbs. of sodium chloride (total weight 780 lbs.). 
The cell was supplied with a nominal current of about 
10,000 amps. at voltages between about 5.8 and 6.2 volts. 
The metal product, which was collected and held at 520 
550° C., comprised after separating into two layers a 
lighter sodium layer containing 129 lbs. of sodium and 
a heavier magnesium-calcium layer comprising about 120 
Ibs, having a content of 100 lbs. of magnesium and 20 
Ibs. of calcium. The molten magnesium-calcium alloy 
solidified and because of its brittleness was easily crushed 
into pellets ranging from fine powder to not more than 
/8' in size. Sodium metal formed was held in the 
molten state in the storage tank at a 150 C. temperature 
with an inert gas blanket thereover to prevent contami 
nation. During the test period 530 lbs. of chlorine was 
produced, of which the major portion was recovered. 

In the first reduction step of the process the titanium 
subchloride intermediate molten salt was prepared. A 
10' diameter by 6' tall cylindrical steel reactor was used, 
having a top flange provided with inlets for sodium metal 
and titanium tetrachloride and a safety exit release pipe 
utilizable for admitting and discharging an inert purging 
gas to the reactor. The bottom of the reactor was closed 
with a hemispherical base having a bottom outlet con 
duit. This outlet was provided with a two-foot upward 
riser section connected to a catch tank held at 600 C. to 
insure that a two-foot level of molten salt would be re 
tained within the reactor so that as the material was pro 
duced it would overflow at the two-foot level into such 
tank. The molten sodium metal was fed to the primary 
reactor at a rate of 75 lbs. per hour with a total of about 
130 lbs. being added during a one hour and forty-five 
minute period. During this time there was added, at a 
rate of about 410 lbs./hr, about 710 lbs. of titanium tet 
rachloride. About 840 lbs. of molten salt was produced 
during this run. The material within the reactor at the 
two-foot level was blown into the catch tank by pres 
surizing the reactor with inert gas. 
The resulting titanium subchloride molten intermedi 

ate salt, analyzing about 1.5 NaCl-TiCl2.5, was then re 
duced in the secondary stage of the process in an upright 
cylindrical reaction vessel provided with a demountable 
head, a top cylindrical portion in which the reaction 
was carried out, and a lower section for collecting reac 
tion by-product. The top portion was secured to the re 
action section by means of flange connections fastened 
together by closing means such as bolts, clamps, etc. 
The reaction section chamber was 2 ft. in diameter and 
4 ft. in height and terminated in a conical bottom hav 
ing a port and product removal valve assembly for with 
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drawing the products of reaction. Below this section 
sheet metal discs were provided which served as radi 
ation shields and assisted in retaining heat within the 
reaction section while radiation to the lower portion of 
the reactor assembly was prevented. Below the radiation 
shields in the collection section a drainage screen was pro 
vided to collect particulate titanium metal product formed 
and allow the molten by-product salt to drain into the 
by-prodult collection portion of the lower section. The 
upper reactor section was provided with nozzles for in 
troducing inert gas and for venting, and with means for 
operating a stirrer and for introducing the reactant. The 
magnesium-calcium alloy pellets were introduced into the 
reactor from a hopper through an addition line, the rate 
being controlled by valve means in such line. The upper 
portion of the reaction vessel was enclosed in a furnace 
adapted to be heated by conventional means such as gas 
burners or electrical resistors. In the reduction, the ap 
paratus was first purged of deleterious impurities by inert 
(argon) gas introduction and was then heated by the 
furnacing means to bring the equipment and the molten 
salt, added to the upper reaction section, to about 700 
C. A total of 840 lbs. of molten salt intermediate was 
added to the reactor. The magnesium-calcium alloy pel 
lets were then introduced to the reactor at a rate of 120 
lbs. per hour, the molten salt being agitated during such 
introduction to submerge and disperse the reductant metal 
particles in such salt. During the reaction a tempera 
ture of about 800 C. was maintained by regulating the 
furnacing means. After 120 lbs. of alloy addition, the 
reactor drainage valve was opened and the titanium metal 
particles and by-product salts were withdrawn into the 
lower section of the reaction vessel. The titanium metal 
was collected on the screen and approximately 90% 
of the by-product salts were drained therefrom into the 
lower by-product collection zone. After cooling, the 
materials were removed from the lower portion of the 
assembly by opening up the equipment at the lower 
flange. The titanium metal was removed and 260 lbs. 
of product comprising about 180 lbs. of titanium metal 
with 80 lbs. of admixed by-products was obtained. The 
by-product salt was drained from the product mass and 
was retained in the lower portion of the collection sys 
tem wherein approximately 700 lbs. of salt were recov 
ered. The 260 lbs. of product metal containing ad 
mixed by-product salt was then added to 500 gallons of 
5% nitric acid solution, at a rate of 50 lbs. per hour, 
and leached at a temperature of 40° C. maintained by 
means of immersed water-cooling coils. The metal was 
retained in the leaching solution for 6 hours after which 
the solution was drained from the metal. Following 
draining, the metal was washed with a small volume of 
2% nitric acid and then with a flowing stream of water, 
with the water washing being continued until the wash 
Water gave no test for nitrate or chloride ion. The wa 
ter-washed titanium particles were then drained of water 
as much as possible and placed in an oven to dry at a 
temperature of about 100° C. The dried product 
Weighed approximated 175 lbs. Samples, on testing, 
revealed this material to be eminently suited for com 
mercial titanium metal applications. 

Example II 
An electrolysis of a molten salt composition of sodium 

chloride, magnesium chloride and calcium chloride was 
conducted similar to that of Example I to produce molten 
Sodium, molten magnesium-calcium alloy, and chlorine. 
The metals recovered were utilized to produce sponge 
titanium metal. In the primary stage, the reduction of 
titanium tetrachloride was conducted in a cylindrical iron 
reactor 24 inches in diameter and 48 inches high dis 
posed within an electrically heated furnace and fitted with 
necessary means for purging of contaminants, adding re 
actants, draining the by-product salt in the secondary 
stage, and a valved line leading to an associated by-prod 
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uct condenser. During the reduction steps the furnac 
ing means was not activated and the reactor was cooled 
by forcing a rapid flow of air through the furnace struc 
ture about the exterior of the reactor by means of a fan 
blower...80 lbs. per hour of titanium tetrachloride were 
reduced in the reactor at a temperature about 900 C. 
by sodium metal fed thereto at a rate of 14 lbs. per hour. 
From this reduction a molten salt intermediate of titani 
um subchloride and sodium chloride was obtained at a 
rate of about 94 lbs. per hour. 
eration, 940 lbs. of such intermediate was produced. At 
the end of the first reduction step, the temperature of 
the molten salt was reduced to about 600°C. To this 
batch of molten intermediate salt was added 135 lbs. 
of the magnesium-calcium alloy produced in the system, 
this alloy being fed in at a rate (about 50 lbs. per hour) 

... to keep the molten-salt reaction temperature at about 
850° C. During the second reduction step, cooling air 
was also passed over the furnace exterior to cool the 
walls of the reactor. The product from this reaction 
consisted of mixed by-product salt of sodium chloride, 
magnesium chloride and calcium chloride and sponge tita 
nium metal. After addition of the final amount of mag 
nesium-calcium alloy, the reactor drainage valve was 
opened and the molten by-product salts were drained from 
the reactor. About 800 lbs. of molten salt was recov 
ered by drainage to about 80% of that produced by the 
reaction. The drainage valve was then closed and the 
valve to the distillation condenser was opened and the 
vacuum system activated. The furnacing means was then 
activated and the temperature of the reaction vessel 
stabilized at 1000 C. In consequence of the resulting 
distillation, the titanium metal sponge product was puri 
fied to produce high-grade titanium metal sponge, the 
residual by-product salt being collected in the distilla 
tion condenser. The recovered by-product salt was add 
ed to that recovered by drainage from the reactor and 
the mixture was utilized as the cell feed for electrolytic 
recovery of its chlorine and reducing metal content. 
While the invetnion has been specifically illustrated by 

the examples illustrative of an integrated process utiliz 
ing a two-step reduction and with electrolysis of the mixed 
by-product salt to produce the two metal reduction react 
ants, recourse to modifications thereof is contemplated. 
Continuous reduction of titanium tetrachloride by sodium 
in the first step can be followed by continuous reduction 
of the titanium subchloride, sodium chloride intermediate 
salt by the magnesium-calcium alloy or batch operation 
of either or both of the reduction steps may be practiced. 
Varied types of metal product can be obtained by this 
process in that the titanium metal can be recovered in the 
form of particles, as titanium sponge metal, or as a shaped 
ingot of titanium metal associated with by-product salt. 
A critical item in the process is the recovery and elec 
trolytic dissociation of the mixed by-product salts into the 
metals required for reduction of the titanium chloride, 
and chlorine. 
An important essential of my novel process involves 

the preparation of the reducing metals required in my 
two-step reduction method from the by-product salts col 
lected from the second step. The molten salt electrolyte 
used consists of a ternary composition of sodium chloride, 
magnesium chloride, and calcium chloride, which is ex 
tremely useful because, advantageously, by electrolysis a 
two-phase metallic system can be produced. The metal 
lic electrolytic product on separating into the two-phase 
system provides an upper metallic sodium phase and a 
heavier lower calcium-magnesium alloy phase. This 
arises from the fact that calcium forms alloys with mag 
nesium and a eutectic with magnesium containing 16.3% 
calcium melting at 516 C., which is about 75° C. below 
the normal operating temperature of a sodium-type cell 
such as a Downs cell. The reasons why this alloy is im 
miscible with sodium at cell temperatures appear to be: 
(a) magnesium and sodium are practically immiscible at 

After 10 hours of op 
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6 
650°C, (b) calcium is soluble in sodium to the extent 
of only 5% at 600°C., and (c) partition of calcium is 
largely toward the magnesium-rich phase. 

Other factors of importance relative to the metal prod 
uct compositions include the following: alloys of calcium 
containing 70-100% magnesium have melting points 
which lie in the range of no higher than 620-650 C. 
The composition 84% magnesium and 16% calcium is 
the eutectic and has a melting point of 516 C. At 520 
C., which is about the temperature preferred for separating 
the two immiscible metal phases, sodium will dissolve less 
than 5% calcium metal. The melting point of the sodi 
um-calcium alloys rise rapidly and at 6% calcium the 
melting point is about 620 C. 
-The-electrolytic cell molten salt composition electrolyte 

will contain only a very small quantity of magnesium 
chloride because magnesium electrolyzes from a magnesi 
um chloride-calcium chloride-sodium chloride electrolyte 
preferentially, and also magnesium chloride is reduced to 
magnesium by both sodium and calcium. Therefore, the 
equilibrium bath existing in the electrolytic cell contains 
very little magnesium chloride. For this reason, it is es 
sential to have a continuous flow of electrolyte into the 
cell to provide the very small amount of magnesium chlo 
ride required in the electrolyte and to provide the amount 
of magnesium required to make the magnesium-calcium 
alloy which has a melting point in the range suitable for 
the operation of the cell. The calcium chloride to sodi 
um chloride ratio in the electrolyte within the usual oper 
ating range will not have a serious effect upon the tem 
perature of operation of the cell since the melting points 
of compositions from 50-80% calcium chloride are less 
than 640° C. and a eutectic exists at 68% calcium chlo 
ride with a melting point of 500 C. 
As noted, the separation of the two immiscible metal 

phases from the electrolysis product occurs because of 
differences in density. At the preferred separation tem 
perature of about 520' C. it is estimated that the density 
of the preferred 84% magnesium, 16% calcium heavier 
alloy is about 1.5 and that the nearly pure sodium layer 
would be about 0.8. This provides a very satisfactory 
density difference and therefore leads to rapid separation 
into two layers. The two layers may be separated by 
decanting or siphoning off the upper lighter layer of sodi 
um or draining out the heavier lower layer of the mag 
nesium-calcium alloy. 
In the electrolytic dissociation of the mixed by-prod 

uct salts, several factors are critical. It is necessary 
that the cell feed of by-product salt be made continuous 
because of the fact that the electrolyte during cell op 
eration will contain a very low concentration of mag 
nesium chloride which must be supplied continuously 
thereto. The by-product salt may be fed to the cell 
molten or as solid lumps. The cell must operate above 
a temperature of 520° C. The molten metal riser and 
catch tank must be maintained above 520' C. Several 
commercial type cells adapted for use in the process 
are discussed at pages 530-538 of the above Industrial 
Electro Chemistry, 3rd edition, publication, with the 
Downs cell and German Knapsack sodium cell being 
specifically shown. In both of these cases, recourse to 
simple modifications thereof, consisting of heating and 
insulating the metal riser and catch tank and installing 
an electrolyte feed line into the chlorine dome are the 
only factors necessary to effect utilization of a standard 
type cell in the invention. 
My integrated process obtains the benefits derived 

from a two-step process which are essentially associated 
with reaction rates in commercial apparatus, the single 
step reduction process being limited because of the ex 
cessive amount of heat released by the reaction of ti 
tanium tetrachloride with magnesium. The use of the 
two-step process also allows many modifications in re 
duction conditions thereby permitting varied types of 
product to be produced. The problems arising because 
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of the mixed by-product salts have been solved by the 
improved electrolytic step in my process. 

I claim as my invention: 
1. An integrated process for producing titanium metal 

which comprises reacting titanium tetrachloride in a pri 
mary reduction stage of the process and at temperatures 
ranging from 550-1300° C. with a regulated amount of 
sodium metal to produce a molten titanium subchloride 
sodium chloride salt composition, reacting said composi 
tion in a secondary reduction stage at temperatures rang 
ing from 550-950° C. and under an inert atmosphere 
with a magnesium-calcium alloy reducing agent to pro 
duce particulate titanium metal and a molten ternary by 
product salt NaCl-CaCl-MgCl2, separating the tita 
nium metal product from said molten ternary by-product 
and subjecting the latter in molten state to electrolysis in 
a molten salt electrolytic cell to produce molten sodium 
metal, molten magnesium-calcium alloy, and chlorine, and 
collecting and separating said molten sodium and mag 
nesium-calcium alloy and reemploying as reactants the 
sodium recovered from said cell in said primary stage and 
the magnesium-calcium alloy recovered therefrom in said 
secondary stage of the process. 

2. An integrated process for producing titanium metal 
by the reduction of titanium tetrachloride, comprising 
initially reducing at temperatures ranging from 550 
1300° C. said titanium tetrachloride with sodium to pro 
duce a titanium subchloride intermediate molten salt, 
thereafter reacting said intermediate at temperatures 
ranging from 550-950° C. and under an inert atmosphere 
with a calcium-magnesium alloy to produce particulate 
titanium metal and a ternary MgCla-CaCl-NaCl by 
product, electrolyzing the latter in molten state in a modi 
fied molten sodium type cell to produce sodium metal and 
molten magnesium-calcium alloy, collecting and separat 
ing said molten sodium and magnesium-calcium alloy, and 
reemploying as reactants said sodium metal in said initial 
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reduction of titanium tetrachloride and said alloy in the 
reduction of said intermediate. 

3. An integrated cyclic process for preparing titanium 
metal which comprises reacting sodium with TiCl, in a 
closed primary reactor at temperatures ranging from 
550-1300 C. to form a titanium subchloride interme 
diate corresponding to the formula TiClaxNaCl in 
which x equals 1-2, inclusive, thereafter reacting said 
intermediate, at temperatures ranging from about 550 
950 C., in a closed secondary reactor with Ca-Mg 
alloy to produce particulate titanium metal and a ternary 
MgCla-CaCl-NaCl by-product salt, recovering said 
titanium metal product from said salt and subjecting the 
recovered product to purification, subjecting said by 
product salt to electrolysis in molten state to produce 
molten sodium, and a molten Ca-Mg alloy, collecting 
and separating said: molten Na and Mg-Ca alloy, and 
recycling said sodium electrolysis product as a reactant to 
said primary reactor and said Ca-Mg alloy electrolysis 
product as a reactant to said secondary reactor. 
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