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(C. 75-201) 4. Claims. 
1. 

The present invention relates to a method for 
recovering elemental neta fron admixture with 
compounds having lower fusing temperatures 
than the metal. 
The present invention is particularly adapted 

to a method for the recovery of elemental titani 
um from a reaction mixture produced in accord 

... ance with the method disclosed in Glasser and 
Hampel application Serial No. 90,954, now 
Patent No. 2,618,549, granted November 18, 1952, 
entitled “Method for the Production of Titani 
um,” and assigned to the same assignee as the 
present application. It will be realized, however, 
that the features of the invention may be utilized 
in connection with the recovery of refractory 
metals other than titanium, such as, for example, 
Zirconium, beryllium, chromium, cobalt, manga 

molybdenun, nickel, platinum, silicon, 
tungsten, and the like, and that it will also be 
applicable to the recovery of refractory metals 
from admixture With salts of reducing metals 
such as Sodium, potassium, lithium, calcium, 
strontium, barium, and magnesium. 

Briefly, the above-described process consists 
in reacting liquid titanium tetrachloride with an 
alkali metal amalgam such as sodium amalgam 
to form a reaction product containing powdery 
titanium particles, sodium chloride, together with 
any sub-halides of titanium produced in the reac 
tion, as well as residual mercury. Since the 
sodium content of the original amalgam is gen 
erally quite low and since an excess of sodium in 
the amalgam. With respect to titanium tetrachlo 
ride is used, large quantities of mercury appear 
in the reaction product. The removal of Such 
large quantities of mercury is a considerable task, 
since the mercury adheres readily to the reaction 
product. While the mercury can be removed by 
distillation or gravity filtration, these are very 
time-consuming and expensive operations. 
With the foregoing in mind, an object of the 

present invention is to provide a convenient 
method for the recovery of refractory metal from 
admixture with compounds having lower fusing 
points than the metal. 
A further object of the present invention is to 

provide a method for the removal of mercury 
and substantial amounts of sodium chloride from 
a reaction product of an amalgam reduction 
process. 

Still another object of the present invention 
is to provide a method for recovering the titanium 
in such a reaction product in a coherent form 
mixed with sodium chloride, from which metallic 
titanium can be more readily recovered. 
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Yet another object of the present invention is 

to provide a compressed mixture of titanium 
metal and Sodium chloride crystals from which 
titanium metal can be readily recovered, and 
which is stable in air, water, and other reagentS. 
A further object of the present invention is to 

provide an apparatus for removing mercury and 
Sodium chloride from reaction mixtures of the 
type described. 
Other objects and features of the present in 

vention will be apparent from the following de 
scription and the appended claims. 
The method of the present invention gener 

ally consists of compressing the reaction product 
from the amalgam reaction, which Will contain 
powdery titanium, mercury, and Sodium chloride 
under elevated temperatures to thereby squeeze 
out all or a major portion of the mercury present 
and also substantial quantities of the Sodium 

This compression is effected in the 
presence of an inert gas Such as argon, helium, 
neon, krypton, and the like, under substantially 
atmospheric pressures. The reaction mixture is 
compressed to a coherent shape preferably con 
taining at least 35% by weight titanium. With the 
balance being essentially sodium chloride. This 
mixture can then be treated for the recovery of 
metallic titanium in any one of a number of man 
ners. For example, the mixture may be intro 
duced into an arc melting furnace as a consum 
able electrode according to the method described 
in my copending application Serial No. 165,347, 
now abandoned, filed concurrently herewith. 
Another method for the recovery of titanium 
from such a mixture which may be used is the 
Vacuum distillation of the sodium chloride 
present. In addition, the rod can be conveniently 
melted in an induction furnace Where the Sodi 
um chloride is removed by volatilization. 
The advantages of the present invention are 

quite Substantial. For one, the compression of 
the titanium into coherent form directly upon 
removal from the reaction Zone removes the tend 
ency for the titanium to become contaminated, 
Since the Crystals of titanium are compressed in 
to a much less reactive form than the sub-micro 
Scopic particles which are produced by the reac 
tion. Further, vacuum conditions are not es 
Sential in the removal of mercury and Sodium 
chloride according to the present invention, but 
such removal may be effected in the presence of 
an inert gas at substantially atmospheric pres 
Sures. The process also has the advantage of 
flexibility in that it can be made part of a coin 
tinuous or semi-continuous process by using the 
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process of the present invention in conjunction 
with an amalgan reduction proceSS and feeding 
the final compressed product into an arc melting 
furnace as a consumable electrode. 
Another advantage arising from the present 

invention is the fact that mercury and sodiurn 
chloride can be removed in one step if Such is de 
sired. Previously, resort has been made to the 
use of gravity type filters or distillation to remove 
most of the mercury prior to the treatment of 
the reaction mass for the removal of sodium chlo 
ride. By removing the sodium chloride in ac 
cordance with the present invention, a consider 
able amount of heat is saved, Since the heat re 
quired is only sufficient to melt the Sodium chlo 
ride and not necessarily to vaporize it. 
Another advantage which can be realized by 

the practice of the present invention is the COin 
venience by which titanium alloys can be pre 
pared. Thus, the alloying elements may be added 
to the reaction mass prior to the compression 
step before the removal of mercury and Sodium 
chloride, and the alloying elements are carried 
through the compression step into the final con 
pressed mixture. 
A very important advantage arising from the 

present invention is that the titanium rod or 
pencil which is produced as a result of the Com 
pression contains agglomerated particles of ti 
tanium which are sufficiently large to be stable 
upon exposure to air. Thus, the compressed 
product may be stored for indefinite periods prior 
to further treatment. 
While the foregoing description of the process 

was concerned with the recovery of elemental 
titanium by a reaction involving reduction with 
a Sodium amalgam, it will be appreciated that 
the Same process can be applied to the recovery 
of other reactive metals, such as zirconium, 
which, in finely divided form, are extremely re 
active to air, oxygen, nitrogen and acqueous 
liquids. As mentioned previously, the process is 
also applicable to the recovery of titanium and 
other refractory metals from admixture with 
Salts of reducing metas Such as the alkali metals, 
alkaline earth metals, and magnesium. 
The apparatus used to carry out the proceSS 

of the present invention may assume a variety of 
forms. One Such apparatus may be a Suitably 
heated Screw type extrusion machine. 
type is illustrated in the attached sheet of draw 
ings, in which: 

Figure i is a cross-sectional view of an appa 
ratus designed to carry out the process of the 
present invention; and 

Figure 2 is a fragmentary cross-sectional view 
of the lower portion of the apparatus showing 
the condition at the beginning of the compression 
operation. 
As shown on the drawing: 
Reference numeral i 0 denotes generally a cas 

ing consisting of an outer jacket if and an inner 
Casing 2. The inner casing f2 has an inlet 3 
formed therein for receiving the products from 
the reaction zone which will normally comprise 
a large percentage of mercury, sodium chloride, 
and titanium metal in the form of a very fine 
powder. Below the inlet 3, there is a cylindrical 
reservoir portion 4 having a relatively large 
number of perforations 5 therearound. For the 
Sake of better illustration, the size of the perfora 
tions 5 has been exaggerated in the drawings, 
as the actual size of such perforations will nor 
mally be less than about %s of an inch in di 
ameter. 
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4. 
The inner casing 2 below the reservoir portion 
4 is formed With a tapered perforated Wall por 

tion 6. The tapered wall portion 6 terminates 
in a restricted orifice i 7 having a perforated con 
duit i 8 depending therefirom. A baffle 19 is dis 
posed between the tapered wall portion 6 and 
the outer jacket , and a second baffle 20 between 
the conduit f8 and the jacket is provided for 
purposes which will be hereinafter described. 
At the base of the outer jacket and the 

perforated conduit 8, is a cylindrical member 
2 having a base flange 22 which can be secured 
to the inlet of an arc melting furnace where the 
compressed product is to be used as a consumable 
electrode in an arc melting process. An inlet 
23 and an outlet 24 are provided along the cylin 
der 2 for circulating an inert gas such as argon 
and the like within the cylinder 2. A cooling 
coil 25 around the base of the cylinder 2 í is pro 
vided to aid in freezing the compressed mixture 
after the removal of Some of its Sodium chloride 
Content. 
The top of the casing 2 is provided with a 

peripheral flange portion 26 to which is secured 
a closure member 27, as by means of bolts 28. 
The closure member 27 is provided with an inlet 
29 for introducing an inert gas of the type de 
Scribed Within the casing 2. A boss 30 on the 
closure member 27 has an axial bore there 
through for slidably receiving a shaft 3 carry 
ing a plunger 32. The diameter of the plunger 
32 is only slightly smaller than the interior di 
aneter of the Casing 2 SO that the plunger 32 
is freely reciprocable within the reservoir portion 
4 of the assembly, and permits the inert gas 
from the finlet 29 to flow past the plunger 32. 
The casing 0 and its adjuncts are disposed 

within a furnace 35 having a plurality of spaced 
heating elements 36 therein which control the 
temperature of the furnace. Provision should 
be made for independently controlling the tem 
peratures attained by the various heating rele 
ments Since it is desirable to operate the upper 
Section of the furnace at a substantially lower 

5 temperature than the bottom of the furnace. 
The Operation of the apparatus shown in 

Figure i will now be described. The furnace 
temperatures are adjusted so that the tempera 
ture at the tapered wall portion 6 of the casing 
is below the melting point of sodium chloride, 
and normally Within the range from room tem 
perature to 1500 F. and preferably from 600° 
to 1500 F. The lower portion of the furnace is 
operated at a somewhat higher temperature, so 
that the temperature below the restricted orifice 
T is above the melting point of sodium chloride, 
and, where the System is operated under an at 
mospheric pressure of argon, this temperature 
Will be in the range from about 1500 to 1800 F. 
However, these ranges of temperatures may over 
lap, as long as a sufficiently long section of the ap 
paratus is operated at a temperature above the 
melting point of the salt to be removed. 
A Supply of reaction products from the amal 

gam reaction Zone is introduced into the casing 
through the inlet 3 and is compressed by down 
ward strokes of the plunger 32 against the tal 
pered side Wall 6 and through the orifice T of 
the inner Casing f4. The tapered side Wall 6 
effectively magnifies the compressive force ex 
erted by the plunger 32 so that most of the 
mercury is removed before the reaction mixture 
paSSes through the orifice f T. The mercury is 
removed by gravity flow through a downwardly 
inclined discharge pipe 40 formed in the outer 
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jacket and extending through the furnace 35. 
The mixture entering the restricted orifice f 

is free or Substantially free from mercury, and 
Consists essentially of titanium crystals and 
Sodium chloride. Since the temperature occur 
ring below the orifice is above the melting 
point of sodium chloride, further compression 
of the mixture at these temperatures causes the 
Sodium chloride to flow through the perforations 
in the conduit f8 and accumulate on the baffle 
20, from which it may be drained through a dis 
charge conduit 4 in communication therewith. 
Sodium chloride is remarkably fluid at tempera 
tures even slightly above its melting point, so 
that a large amount of the sodium chloride 
present can be removed through the compression 
operation. It will be understood that the proc 
ess can be carried out to remove practically all 
of the Sodium chloride, but this is not usually 
the most economical mode of procedure. 
In normal instances, enough sodium chloride 

Will be removed during the compression to form a 
mixture of titanium and sodium chloride having 
at least 35% by Weight titanium. A suitable rod 
for use as a consumable electrode in an arc melt 
ing process is prepared by carrying out the com 
preSSion of the mixture until a compact con 
taining about 75% titanium and 25% sodium 
chloride remains. 
The compressed product, as illustrated in 

Figure 1, is in the form of a self-sustaining rod 
42. The compression of the titanium crystals 
at the elevated temperatures used for remov 
ing Sodium chloride is sufficient to agglomerate 
very fine particles of titanium metal originally 
present into a stable form. So that the finished 
rod 42 is stable in air and may be stored for ex 
tended periods prior to recovery of metallic ti 
tanium therefrom. To facilitate the freezing 
Of the extruded mixture of titanium and sodium 
chloride Crystals after the removal of substan 
tial portions of the sodium chloride, the cooling 
coils 25 are provided with a circulating cooling 
medium. Such as Water. 
The apparatus shown in Figure 1 is shown in 

the course of a continuous extrusion operation 
where the rod 42 is continuously fed through the 
flange 22 of the cylinder 2. To initiate the 
Original compression, an anvil 45 (Fig. 2) having 
a base portion 46 secured to the flange 22 by 
means of bolts 47 is inserted within the cylinder 
2. The anvil 45 has a tapered upper end por 
tion 48 arranged to be Snugly seated within the 
bore of the cylinder 2. The anvil 45 is main 
tained in this position until a sufficient amount 
of the reaction product has been introduced into 
the System and the plunger 32 has compressed 
the mass until the compressed mixture at the 
base of the conduit 8 is sufficiently rigid to 
form a self-sustaining structure. Thereupon, 
the anvil 45 is removed and the extrusion may 
be operated continuously as illustrated in 
Figure 1. 
The reduction in volume of the reaction prod 

luct within the apparatus is quite substantial, 
being on the Order of 20 times or more. 
While the present invention has been described 

primarily with respect to treating a reaction 
product containing large amounts of mercury, it 
is evident that the same system is applicable to 
the treatment of a substantially mercury-free 
reaction product consisting essentially of tita 
nium powder and sodium chloride for the re 
moval of Sodium chloride. 
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It will be understood that modifications and 
Variations may be effected without departing 
from the scope of the novel concepts of the pres 
ent invention. 

I claim as my invention: 
1. In a method of recovering elemental tita 

nium from a reaction maSS containing finely di 
vided titanium metal, mercury and sodium chlo 
ride, the steps comprising: first, compressing 
Said maSS against a conical perforate barrier 
converging in the direction of the compressive 
force, maintaining the temperature of Said maSS 
below the melting point of Sodium chloride, ex 
pressing Substantially all of the mercury through 
Said Conical perforate barrier to leave a com 
paratively mercury-free mass; next compressing 
Said latter mass into the bore of a cylindrical 
perforate barrier formed as a continuation of 
said conical barrier, maintaining said latter mass 
at a temperature above the melting point of SO 
dium chloride, eXpreSSing a substantial amount 
Of Sodium chloride through said cylindrical per 
forate barrier; and, finally, extruding the re 
maining mass from said cylindrical perforate 
barrier as a coherent rod containing at least 35% 
elemental titanium by Weight thereof. 

2. In a method of recovering elemental tita 
nium from a reaction mass containing finely 
divided titanium metal, mercury and Sodium 
chloride, the steps comprising: first, compressing 
said mass against a conical perforate barrier 
converging in the direction of the compressive 
force, maintaining the temperature of Said mass 
at from 600 to 1500 F., expressing substantially 
all of the mercury through said conical perfo 
rate barrier to leave a comparatively mercury 
free mass; next compressing said latter maSS into 
the bore of a cylindrical perforate barrier formed 
as a continuation of said conical barrier, main 
taining said latter mass at a temperature of from 
1500 to 1800° E. to liquefy the sodium chloride, 
expressing a Substantial amount of sodium chlo 
ride through said cylindrical perforate barrier; 
and, finally, extruding the remaining mass from 
said cylindrical perforate barrier as a coherent 
rod containing at least 35% elemental titanium 
by weight thereof. 

3. In a method of recovering a refractory 
metal from a reaction maSS containing Said re 
fractory metal in finely divided form, mercury 
and a chloride of a metal Selected from the group 
consisting of alkali metals, alkaline earth metals 
and magnesium, the steps comprising: first, con 
pressing said mass against a conical perforate 
area, converging in the direction of the compres 
sive force, maintaining the temperature of Said 
mass below the melting point of the chloride of 
the metal selected, expressing Substantially all 
of the mercury through said conical perforate 
barrier to leave a relatively mercury-free mass; 
next, compressing Said latter mass into the bore 
of a cylindrical perforate barrier formed as a 
continuation of said conical barrier, maintaining 
said latter mass at a temperature above the melt 
ing point of the chloride of said selected metal, 
expressing a Substantial amount of said chloride 
through said cylindrical perforate barrier; and, 
finally, extruding the remaining mass from said 
cylindrical perforate barrier as a coherent rod 
containing at least 35% of the refractory metal 
by weight thereof. 

4. In a method of recovering elemental tita 
nium from a reaction maSs containing finely di- . 
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vided titanium metal, mercury and sodium chlo 
ride, the steps comprising: first, compressing 
said mass against a conical perforate barrier 
converging in the direction of the compressive 
force, maintaining the temperature of Said mass 
below the melting point of Sodium chloride, ex 
pressing Substantially all of the mercury through 
Said conical perforate barrier to leave a con 
paratively mercury-free mass; next, compressing 
Said latter mass into the bore of a cylindrical 
perforate barrier formed as a continuation of 
said conical barrier, maintaining said latter mass 
at a temperature above the melting point of so 
dium chloride, expressing a Sufficient amount of 
Sodium chloride through said cylindrical perfo 
rate barrier to impart to the remaining mass a 
composition consisting essentially of about 75% 
of titanium metal and about 25% of sodium chlo 
ride by Weight of said mass; and, finally, extrud 
ing said remaining mass from said cylindrical 
perforate barrier as a coherent, Self-sustaining 
Irod. 
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