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- Fhis -invention - relates ‘to the production -.of metals
which form.compounds capable of being volatilized with-
out substantial decomposition and of being' decomposed
at. temperatures lower than the volatilization temperature
of the metal. :

The invention embraces improvements both in method
and- apparatus ‘and is particularly -concerned ‘with the
preparation ‘of metals - melting-.about 900° C, e g,
 zirconium, titanium, vanadium, chromium, and hafnium,
Metals produced according to the invention.-possess- a
- high degree. of purity adapting them for uses for which
the metals as conventionally : produced - are wunsuited.

* In the case of the higher melting metals, at least, this ad--

vantage is attained without increase in production costs,
in fact the production costs are generally less.  The in-
vention extends to substances, as'boron and silicon, which
are not, in-the strict sense, metals but, which have many
of the characteristics of metals and are regarded much
in the same light.
“sidered as-embraced by the term “metal” as used. herein.
The invention will be described with particular ref-
erence to- zirconium and titanium metal production since
it is considered especially significant. as thus applied.
Early -investigators produced zirconium by - thermally

reducing the oxide.. So produced the metal possesses little.
due to the pres-

utility. because of. brittleness, .apparently
ence therein of occluded gases, particularly oxygen.and
nitrogen. Later investigators were successful in produc-
ing the metal in ductile form, but their processes ‘have
never: been. made ‘use of commercially- because of: the
small yields they afford and because they are not adapted
for continuous large scale operation.. In one typical proc-
€ss, zirconium iodide . is decomposed on. a hot tungsten
filament ‘disposed within an evacuated vessel of heat re-
sistant glass, the ietal coating out on the filament. The
apparatus must. be cooled and dismantled -periodically
to recover the metal. . -
Recently, it has been proposed to produce ductile zir-

conium by reduction of zirconium' chloride with mag--

nesium in an atmosphere of argon.
magnesium . chloride is preduced as a by-product” and
must be separated by sublimation at 1890° C.--The process
is further disadvantageous in that the product metal has
the form of a. sponge and -must either. be re-melted- in
vacuo and cast, or powdered and sintered in-vacuo, At
best, the product metal is considerably less ductile than
the ‘metal. as prepared by the filament method, which

In such process,

offers relatively - Iittle opportunity -for contamination ‘of .

the metal with gases causing embrittlement.:

In accordance with the present invention; the Zirconjum .

metal may be produced in quantity in a desirable ingot
form and need not be re-melted and casi or otherwise
subsequently treated by the prime.producer. B ‘

The starting material in the case of the process herein,

as has been indicated, is a volatile compound of . the
70

metal. Generally . and preferably, a compound; of. the
metal comprising one of the halogens-iodine, bromine or
- chlorine is employed. - e e i

Such pseudo. metals are to be con--
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According to the invention, the starting compound in;
vapor phase is charged to a decomposition zone wherein:
it is heated by means of an electric arc, maintained at
substantially .constant length, to:a temperature resulting
in dissociation ‘of the metal from the  other component.
Or components of the compound.  The product metal is
discharged through ani ingot-forming zone communicating
with the decomposition’ zone, _In' the pieferred form of
the invention, the ingot in the ingot-forming  zone is.
utilized .as one of thé electrodes between which the are
is passed and the product metal is collected by coalescence
on the. surface of the ingot contacted by the arc, the
reaction products being cansed to impinge on ‘stch. sur-
face. With this arrangement,” arc length may be kept’
substantially “constant by the controlled‘withdrawal"of
the ingot at a rate conforming with the rate of deposition
of the metal. Under optimum operating conditions, the
arc maintains the upper surface of the ingot in molten
condition. This aids materially in the coalescing of the
product metal, .

The invention, in both its process and apparatus aspects,
will be better understood by reference to the accompany-
ing schematic' drawing illustrating a system of apparatus”
suitable for its practice. The apparatus will be described

_the production of metal from a metal
halide. ) : X

In the drawing, the numeral 19 denotes an electrode,
advantageously formed of carbon, ‘disposed within a
chamber 11, hereinafter referred to as the decomposition
chamber, delineated by a ceramic lined metai tank 12°
having a pressure tight lid ‘14 through which the upper-
portion of the electrode extends. The electrode, which™
should be suitably’ insulated, is connected above the lid

14 to an electric cable 15 extending to a direct curréent

generator 16. - o ] ) -
Tank 11 is provided with a connection 17 extending to
a suitable vacuum pumping system, not shown. At its
bottom the tank opens‘to a mold 18 having a jacket por-
tion 19 provided with connections 20 and 21 for the
ingress and egress, respectively, of a suitable cooling agent,
normally water.© An ingot 22 of the metal to be produced
is partially confined by the mold 18 - and serves as a'
second electrode, being connected - to generator ‘16 via
cable 23. Roller 24 enables downward movement of the-
ingot without interference with the electrical connection.
Interposed between the mold 18 and the ingot are gaskets
25 which provide a pressure tight- seal. : . :
In operation of ‘the system, an arc, indicated by the -
bent arréws in the drawing, is maintained between  the-
electrode 16 and the ingot 22, the latter being at lower -
potential. This arc, as previously -indicated, preferably”
maintains the upper surface of the ingot in molten con-’
dition. - If desired, the ‘operating . conditions may be:so
controlled that only the center portion of the upper sur-"
face of the ingot is maintained molten as shown at 224.
In such event, the solid marginal areas or edges serve
to confine the molten pool of metal. E ‘
The halide to be decomposed is introduced into the -
decomposition -chamber 11 in the vapor state via a con-
nection 26-serving a feeding ring or manifold 27 which
operates to direct the halide downwardly through the arc.
Below. the element 27 and only very slightly above -the
surface of the ingot 22, is a second: ring or maxifold 28
which functions to" collect the halogen dissociated: from ’
the metal during: passage of the halide:through ‘the arc;
Both manifolds 27 and 28 are preferably coated: with' &

-ceramic;. similar to the. lining on tank 12, to prevent: acs::

cidental arcing to either of manifolds 27 or 28. . The:col-.-
lected. halogen is withdrawn from. the system .by meadns -
of line 29: which :is connected to-suitable evacuation:
means, as a mechanical backing pump working in combi-

- mation with a refrigerated condenser. The negative:pres-::
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sure in the collection ring 28 serves to promote impinge-
ment of the reaction products on the surface of the ingot
receiving the arc. Connection 17, by means of which
the system is initially evacuated, may be used in the with-
drawal of any of the gaseous reaction products which are
not collected by the ring 28. This ring may be dispensed
with entirely where the velocity of the entering vapors
of itself assures impingement of the reaction products
on the surface of the ingot.

Where superheating of the vaporized metal compound
prior to its discharge into the decomposition zone is de-
sired, the superheating may be accomplished by position-
ing ring element 27 somewhat closer to the electrode i8.

‘As the arc-induced dissociation reaction proceeds, arc
length decreases from the deposition of metal on the in-
got. Advantageously, the resulting decrease in E. M. F.
is utilized to actuate a pair of rollers 31 which move the
ingot downwardly. As free ingot length increases sec-
tions or pigs of any desired length may be automatically
produced as by a travelling saw, not shown.

Rotation of the rollers 31 can be so controlled as to
providé a constant arc length, as is desirable, by the means
indicated at the right hand side of the drawing, for
example. Such means comprises a D. C. motor 32,
operatively connected to the rollers 31 through speed re-
ducing gears 33, and a constant voltage D. C. power sup-
ply 34, the circuit including the motor and power supply
being in parallel with relation to the electrode circuit.
The polarities of power supply 34 and generator 16 being
opposite, as indicated, when the voltage of the power sup-
ply in the motor circuit is adjusted to equal the voltage
between the electrode and ingot at the preferred arc
length, no current flows in the motor circuit initially.
However, when the arc length decreases from deposition
of the metal on the ingot, the voltage between the elec-
trode and ingot becomes less than the constant voltage
supplied in the motor circuit. Under this circumstance,
a net voltage is supplied across the motor, energizing the
same and causing rotation of rollers 31

It will, of course, be appreciated that the conditions
under which the disclosed system is operated depend on
the particular metal being produced and on the charac-
teristics of the starting compound.

In producing zirconium metal from zirconium halides,
the optimum total pressure is governed by the identity
of the halide. In general, arc dissociation of zirconium
halides depends upon the total pressure in the system.
As pressure decreases, the percent dissociation increases.
It has been found that when the tetraiodide is decom-
posed, the total pressure may be as high as 100 mm. Hg
absolute. On the other hand, when the tetrabromide or
tetrachloride is decomposed, the total pressure should be
less than 10 mm. Hg absolute, preferably less than 1 mm.
Hg absolute in the case of the tetrachloride. With the
corresponding titanium compounds, total pressures may
be generally somewhat higher. As used herein, the ex-
pression “total pressure” refers to the sum of the pres-
sures of the introduced metal compound (e. g., the
halide) and of the reaction product (e. g., the halogen).
Such pressures does not include air pressure within the
decomposition zone since substantially all of the air is
evacuated from the chamber prior to the decomposition
reaction in order to prevent contamination of the product

metal.

Arc temperature varies with the compound being. de-

composed, the operating pressure, and electrode material.
In the case of zirconium tetrachloride, the temperature of
the vapor in the arc is-usually upwards of 3000° C., al-
though the decomposition will proceed at a lower tem-
perature.
the. arc and impingement of the reaction products on the
surface of the ingot is essential if scattering of the prod-
uct metal throughout the chamber is to be avoided.

A major advantage of the invention resides in the fact
that the metal is produced- continuously. In initial start-

Positive direction of the feed vapor through
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4
up, an ingot of previously prepared metal is placed in
the mold and the system evacuated to a pressure of from
10—¢ to 10—! millimeters of mercury, for example.
Thereafter, the feed vapor is introduced until the desired
operating pressure is reached at which point the arc is
struck. It is generally advantageous to preheat the feed
vapor to a temperature between 350°-800° C.
Zirconium tetrachloride for use in the practice of the
invention may be prepared in any suitable way. Per-
haps the most suitable process is that developed by the
United States Bureau of Mines. Tn such process, zircon
is reduced with carbon in an electric furnace,-the amount
of carbon added being adjusted to promote the following
reaction:
ZrSiQs-+4C->Z1C+4-Si0+4-3CO

The zirconium carbide thus prepared is treated with
chlorine at an elevated temperature, the chlorine react-
ing with the carbide to form the tetrachloride which being
volatile at the reaction temperature vaporizes out of the
reaction zonme. Iron chloride and other chloride con-
taminants are separated from the zirconium tetrachloride
product by resublimation of the product in an atmosphere
of hydrogen.

Using the invention herein as a stage of an overall
process for the production of zirconium metal from zir-
con, it is advantageous to cycle the chlorine resulting on
the dissociation of the zirconium tetrachloride to the unit
wherein the carbide is reacted with chlorine.

As has been indicated, the particular value of the
invention with respect to zirconium stems from the fact
that the metal is produced in ductile form in commercially
significant quantities. The invention is of equivalent
value with tespect to titanium; this metal also being
subject to embrittlement by oxygen and nitrogen which
invariably become occluded in the metal as produced by
procedures not providing for exclusion of these gases.
Of the existing methods for producing ductile titanium,
the filament method referred to in the forepart hereof,
with its attendant disadvantages, has been most used.

Various changes may be made in the apparatus as dis-
closed by the drawing without departing from the scope
of the invention. Thus, in some cases it may be ad-
vantageous to charge the feed vapor through a hollow
electrode or to maintain the arc length constant by means
other than those shown, means causing movement of the
negative electrode, for example. In cther cases, it may
be advantageous to bubble the vapor from which the
metal is directly derived through the molten metal on
+he surface of- the ingot by means of a suitably resistant
tube extending into the molten metal.

It is believed obvious that alloys of substantially any
desired composition may be prepared in accordance with
the invention by using mixed feed vapors.

This application is a continuation-in-part of my appli-
cation Serial Number 44,253, filed August 14, 1948, now
abandoned.

I claim:

1. The method of producing a metal from the class
consisting of titanium and zirconium by decomposing a.
compound thereof from the class consisting of the
tetrachlorides, tetraiodides and tetrabromides of titanium
and zirconium, which comprises providing a solid body
of said metal adjacent an electrode in a decomposition
zone, removing substantially all of the air from said zone,
maintaining an arc between said electrode and an upper
surface of said metzl body to maintain a molten pool of’
caid metal on the upper surface of said body, vaporizing
said metal compound, introducing a stream of said vapo-
rized compound- into said decomposition zone and direct-
ing said stream of vaporized metal compound through
said arc and against the surface of said metal pool to
effect the decomposition of said compound to the metal
with coalescing of said dissociated metal on said pool, and

. Temoving the gaseous products of decomposition from

said decomposition zone at a sufficient rate to maintain
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the total pressure of the introduced metal compound and
of the reaction products in said decomposition zone below
atmospheric pressure.

2. A method according to claim 1 wherein said com-
pound is a tetraiodide of one of the metals zirconium and
titanium and said pressure is maintained below about 100
mm. Hg. absolute.

3. A method according to claim 1 wherein said com-
pound is a tetrabromide of one of the metals zirconium
and titanium and said pressure is maintain below 10 mm.
Hg absolute,

4. A method according to claim 1 wherein said com-
pound is a tetrachloride of one of the metals zirconium
and titanium and said pressure is maintained below 1 mm.
Hg absolute.

5. The method of producing a high-melting-point metal
selected from the group consisting of titanium, zirconium,
vanadium, chromium, and hafnium, in a high state of
purity, said method comprising the steps of vaporizing
a halide of said metal which is volatilizable without
decomposition and decomposable at a temperature less
than the volatilization temperature of said metal, pro-
viding an air-free zone between a pair of electrodes, one
of said electrodes comprising a body of said metal, main-
taining a portion of the upper surface of said body of
metal molten by means of an arc between said electrodes,
directing said vaporized ‘metal halide through said arc
and against the molten upper surface of said metal body
to decompose said metal halide to said metal and to
coalesce' said produced metal on said molten surface,
and separately removing from said zone said produced
metal and the gaseous products of decomposition, said
gaseous decomposition products being removed from
said decomposition zone at a sufficient rate to maintain
the total pressure of the introduced halide and the re-
action products in the decomposition zone below atmos-
pheric pressure.

6. The method of claim 5 wherein said metal body is
withdrawn from said zone at a rate conforming substan-
tially with the rate of deposition of metal thereon SO as
to maintain said arc length substantially constant.

7. The method of claim 5 wherein the sides of said
metal body are cooled so as to confine a pool of molten
metal on the upper surface of said metal body.

8. In the process wherein titanium is produced by the
thermal dissociation of a halide selected from the group
consisting of a chloride, an iodide and a bromide of ti-
tanium, the improvement, which comprises: melting ti-
tanium to form a molten pool of titanium; heating said
molten pool by means of an electric arc that plays on the
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surface of said molten pool; and flowing said halide to
form a stream that flows through said electric arc and
then into contact with said surface of said molten pool,
so that said halide dissociates thermally to yield particles
of titanium which are collected by said molten pool.

9. In the process wherein a metal selected from the
group consisting of titanium and zirconium is produced
by the thermal dissociation of a halide selected from the
group consisting of a chloride, an iodide and a bromide of
said metal, the improvement, which comprises: melting
said metal to form a molten pool of said metal; heating
said molten pool by means of an electric arc that plays
on the surface of said molten pool; and flowing said halide
to form a stream that flows through said electric arc and
then into contact with said surface of said molten pool,
so that said halide dissociates thermally to yield particles
of said metal which are collected by said molten pool.
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