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This invention relates to the preparation of
titanium and zirconium metals by reduction of
their halides. More particularly it relates to novel
methods for preparing such metals in relatively
pure, elemental state by reduction of a halide
-thereof, especially a tetrachloride, with a particu-
lar type of metallic reducing agent.

Titanium and zirconium, due to their previous

commercial scarcity, have been classed as “rare
metals.”” . Their unavailability has been due: to
the dlﬂicultxes encountered in’prior attempts to
separate them from their ores or compounds.
Due to their potential importance for use in avia-
tion and other fields, they are now of first-rank
importance. -
. The classical sodium reductlon method for pro-
ducing titanium comprises the ‘heating of ‘tita-
nium tetrachloride and metallic sodium in a steel
bomb. - The sodium reacts with the-chloride to
produce sodium chloride and free elemental- ti-
tanium and the possmmty of contamination of
the titanium with oxygen is avoided in’ such proc-
ess. More recently other metallic reducing agents
have been suggested for use, including those of
calcium, -magnesium, alummum ‘and’ potassitm.
The reducing metal must in such instances be
highly reactive, must not alloy’ apprecmbly with
the metal being produced, and the chloride by-
product must be capable of ready separation from
the metal, Magnesium is especially suited for
this purpose, since it does not alloy with t1ta,-
nium and is commerc1a11y ‘available in large quan-
tities. Zirconium halides react with magnesium
and the other reducmg agents mentloned in some-
what analogous fashion.

.Several disadvantages attend these prior meth-
ods for obta.lmng metallic titanium or zirconium.
In preparing titanium, for ‘example, the reduction
is generally eff ected at temperatures ranging from
750-1100° C. with formation of the titanium in
sponge form together with a metal halide by-
product in liquid . or molten condition.  This
sponge forms upon. and tenaciously adheres to
the 1nterna1 walls of ‘the reactor to eventually
“grow” or bridge across its upper or top portion.
Due to the reactivity of titanium at high tem-
peratures with oxygen, hydrogen,. nitrogen and
water vapor, the sponge must be cooled’ to below
the reaction temperature of the tltamum before
an_attempt to remove and Tecover, such sponge
from the reaction vessel can be undertaken. ‘A
considerable. ‘amount of tlme is thus consumed
and prolonged Interruptlons are encountered in
these operations. . Consequently, these steps of
heating the charge, carrying out of the reaction,
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2 .
cooling the final product, and discharging it from
the reactor, have rendered this prior non-continu-

ous type of operation unattractive and economi-
-cally disadvantageous for commercially exploit-

ing titanium and zirconium manufacture.

It .is among the objects of this invention to
overcome :these and other disadvantages char-
ecterizi'ng prior titanium and zirconium metal-
producing .operations. A primary object is to
provide a novel,. commercially useful and con-
tinuous type of operation for producing these

.metals through.reduction of their halides which

will be free from the disadvantages of such prior
procedures. - -Additional, specific objects of the
invention are  to provide a' novel, simplified
method and apparatus wherein objectionable ad-
herence of the metal sponge reaction product to
the walls.of the reactor can be readily obviated
and from- which the sponge can he readily re-
covered ‘during the process without recourse .to
the periodic shutdowns which prior methods and
apparatus have necessarily entailed; and to pro-
vide ‘a movel process in which a more accurate,
eﬁectwe control can- at’ all times be exercised
over the reductlon operation itself and more par-
ticularly over ‘the density characteristics of the
sponge ‘metal reaction product recovered. there-
from. Other-objects and advantages of the in-

-yvention will be apparent from the ensuing de-
‘scription -as well ‘as from the accompanying
‘drawings in which there is shown a vertical; sec~
-tionial view of one useful form of apparatus in

which the invention can be carried out.

Thesé- objects are attained in this invention
which - broadly comprises reducing in an inert
gaseolis atmosphere and at an ¢levated tem-
perature within a reaction zone g halide of tita-

“nium or zirconium with a metallic reducing agent,

and during said reduction suspending said re-
‘ducing agent upon the surface of ‘a metal salt
bath maintained- under vortical mot1on within

said zone

In a ‘more specific and preferred embodiment,
thé invention comprises reducing titanium tetra-
chloride with magnesium in .an atmosphere of
argon’ ‘and’- at temperaturés ranging  from
850-1000° C. within a reaction zone, throughout
said reduction floating said’ magnesium- on the
surface of a liquid magnesium chloride ba.th
maintained abt a constant ‘level ‘and in vortical
motion w1th1n said zone, and during said redue-
tion withdrawing therefrom titanium metal
sponge formed therein. .

‘Referring to the drawing, there is shown a -
réaction ‘vessel 1 constructed preferably of cor-
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rosion-resistant steel or other metal or alloy
capable of withstanding relatively high tempera-
tures and attack from corrosive fluids, and which
can be heated to any desired temperature through
the medium of a surrounding electrical or other
suitably-associated heating or furnacing means
(not shown). Valved inlets 2 and 3 are provided
in the ubper, top portion of said reactor through
which inlets, respectively, a metal halide reactant
and a reducing metal can be separately fed at
controlled rates into the reactor for reaction
therein. A valve controlled outlet or drawoff 4

10

is provided in the base of said reactor, through

which outlet metal sponge and other reaction
products formed within the reactor can be con-
veniently discharged, either -continuously or
semi-continuously, from the reactor. ‘A liquid
level control element 5 provided with an over-
flow pipe or spout member 6, which is in ‘open
communication with the interior of the reactor,
is :also provided in the base of said reactor,
whereby a substantially -constant level of .a. metal
salt ‘bath can be maintained within the reactor
and for a purpose to be presently -described.
Suitably mounted . for rotation within the base
of the reactor and well below the surface or level
-of its contained metal salt bath is-a conventional
blade or paddle type-agitator 1. The drive shaft
8 to which its paddle members are secured. is
driven at any desired, controlled rate of speed
by means of a conventional motor or other driv-
ing means (not shown). Arranged in concentric,
;spaced relationship about the shaft 8-is an arinu-
Jlar casing 9 adapted to form a passage 10 having
-an’inlet :{{ and an. outlet 12 through which pas-~
sage dn-inert gas; such-as-argon, from a suitable
‘source -of supply (not shown):can be fed, -as
desired, into the system.:ito maintain an inert
atmosphere within the reactor and concurrently
prevent-:leakage of atmospheric or other objec-
“tionable reactive: gases into said reactor and the
-system.

In the -production’ of tltanlum metal in an
apparatus of the type just described; a titanium
halide-such -as- titanium. tetrachloride -can. be
subjected to reduction with a metal such as mag-
nesium. In such operation a metal salt bath,
preferably - magnesium- -chloride, - -is. initially
formed in the reactor -1, to be. refained therein,
by means of element 5, at a controlled level, and
-subjected - to vortical motion. by means: of the
‘agitator - 1. Thus, sufficient - solid magnesium
chloride is. first placed within the reactor :and
‘heat applied thereto to induce its melting and
liquefaction. = Paddle agitator T is then -set in
motion and at a:rate of speed which is adapled
t0 establish  a -circulatory motion -in -the-top of
the liguid bath from the side walls:of the reactor
towards the center and thence downwardly sc
‘that -a liquid vortex is formed at.such .center.
-At the same-time and throughout the subsequent
reducing operation, temperatures ranging from
~about: 800~200° C.  preferably prevail within the
reactor which is in closed condition: and under
-an . inert. atmosphere: of:-.argon introduced via
conduit -8 .and inlet id.- Magnesium -metal in
either molten slug or other ﬁnely-d1v1ded con-
dition is then fed.via inlet 3.onto the. surface of
-the magnesium chloride where it floats upon and
-collects at the center of. the vortex to quickly
melt. under the prevailing. temperatures Surface
movement of the salt bath from the reactor side
walls towards the reactor center causes the float-
ing, molten magnesium to accumulate on the.top,
central -portion of the bath and thus remain oub
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of contact with such reactor walls. At the same
time, the axial down-draft of the bath liquid is
maintained at a rate which is insufficient to
submerge the pool of molten reducing metal.
The reactant metal thus remains at the surface
of the bath out of contact with said reactor walls
but in constant contact with the titanium tetra-

‘chloride being c¢ontinuously introduced into the
‘reactor via-the inlet 2 and in quantity which will

provide and maintain a constant atmosphere of
that halide over the surface of the molten re-
ducing metal. The magnesium reacts with the
titanium tetrachloride to liberate titanium metal
and.at the same time forms additional quantities
of magnesium -chloride which, being of greater

~density than the metal itself, sinks below the

surface of the magnesium and joins the support-
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-cubic .foot/hr.

_chlorlae
“nesium chlorme reached to.a height of 11" from

ing magnesium chloride bath to be thus removed
from the zone where it might interfere with the
intimate contact desired to be effected between
the magnesium mefal and titanium tetrachloride.
As the magnesium chloride ‘bath- increases, it
gradually overflows and .is removed from -the
reactor via overflow spout 6. As magnesium
metal is consumed during the reaction, additional
quantities of that metal can be continuously or
intermittently added to the reactor via inlet 3.
The titanium 'metal reaction product can he
allowed to collect, by settling through the molten
magnesium’ .chloride bath, as finely-divided
sponge in the bottom of the reactor and peri-
odically removed therefrom for separation and
recovery through discharge outlet 4.. Preferably,
however, it is continuously removed from. the
reactor through said outlet together with a por-
tion -of the liquid magnesium chloride. It can
then be subjected to conventional water washing
or other form of leaching treatment, or may be
vacuum-distilled to remove magnesium chloride
and -other undesired impurities to obtain the
final, desired pure metal. Thereafter, the metal
can be formed into ingots.or briguettes and sub-
sequently -fabricated :into the desired titanium
metal or alloy.

To a clearer understandmrr of the invention,
‘the following specific examples are;glven - These
-are merely. illustrative and are not to be con-
strued-as’in limitation of the invention:

Ea:ample I

Tltamum metal was produced through reduc-
tion of TiCls with magnesium. .An apparatus of
the type shown in.the accompanying drawing
was -employed in such reduction. This appa~-
ratus consisted of a cylindrical, corrosion-
resistant steel reaction vessel 24’ high, having
an internal diameter of 10’’ and provided with
a paddle agitator in its base, the blades of which
‘had an overall length of 8’" and were 13;'’ in
width. This agitator was connected to-a motor
driven at 130 R. P. M. During the operation an
argon atmosphere prevailed within the. reactor,
such gas being added thereto at a raté of one
During said operation alse, the
reactor was maintained at 850° C. by means. of

an electmc heating element in which 11; was en-
‘closed.

At the commencement of the operation, solid

magnesxum chloride was charged into the reactor

and.melted therein to liquid condition. Rotation
of the -agitator was then effected with the speed

of 1ts paddles being so regylated as to ‘create a

vortex in the center of the, molten magnegium
At the sides of the vessel, ‘the mag-
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itshase; 'whereas' at “thé ‘center it° "‘reached 8
height of "'~ I "6thér~words,” the vortex was
-4’ deep.: Upon‘achieving such liquid vortex and
‘motion; slugs of ‘magnesiurm wére introduced inito
‘the reactor through ‘the inlet’ provided-therefor
‘and-at the rate of one’slug pér minute (equiva-
lent to 5 pounds ‘of magnesium: metal per:hour).
This ‘magnesium: ¢ollected “at: the "center-'of- the
vortex ‘to ‘be quickly melted under the high'tem-
-perature conditions obtaining within the'reactor.
{The molten mefal-floated on the rhagnesium-chlo-
‘ride;:at the vortex; and much as’an’iceberg floats
Adn:water;’ i e since the specific-gravity .of mag-
-nesium’isabout:75% that of magnesium’ chloride,
‘about '75% ‘of -the metal ‘wdg-sibmerged -in the
ssalt: bath- support, ~-Simultaneously,” liquid ‘tita-
nium tetrachloride, at the rate of 19.5pounds
“per hour;, was'added continuously to the reactor,
‘to:become: ‘immediately: vaporized upon-éncoun-
‘tering the-high-(850° C.) temperature within-the
reactor. - Upofi contact 6f this TiCls vapor with
-the: magnesium metal in the argon -atmosphere,
titanium metal was: formed ‘which settled to the
‘base of -thereactor arnd was-contitivously’ with-
-drawn; therefrom through-its outlet together with
.small-amounts of MgClz liquid. ‘Meanwhile, addi-
tional magnesium chloride -was: ‘being’ formed
during the reaction’and any excess or overflow
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-thereof was removed by means of the overflow -

‘outlet also- provided in the base of the reactor.

~The titanium sponge metal thus produced, on
-analysis, had the followmg approximate comp051-
~t10n ;

e e "iPefce‘n’t
Constituent .- - I R P"%"lgsl

' |, Weight
itanium. ... 56| 45
Magnesium. _ 54T 0045
‘Magnesium chlo 244 0. . 2.05
Titanium Subchlorides, ete:...-.2:. - 16:8 . L4
'rotal__i- et -l 1000 8.40

The recovered sponge Was treated -under- vac-
uum distillation to remove the MgClz and -other
impurities present; -to-result in- the recovery--of

substantlally pure t1tamum metal from the‘

operatlon
‘ : Ea:ample II

Example I :was - duplicated, except ‘that - stoi-
chlometric proportions of magnesmm and’ gub-
-litded’ mrcomum chlonde were employed 4in the
-regetion and a temperature of 825° C. ex1sted in
the. reactor “From this operatlon a pure z1r-
comum metal product was recovered.” -

‘While: descnbed above in its ‘application to’ cer-
tain speclﬁc and preferred émbodimeiits, the in-
vention isi 1iot: restricted thereto: Generally, use
-is icontemplated héerein of any “reducing metal
fwhich is'miore electropositive than the titanium
or zirconium being produced. -Métals’ especially
suseful -for this- purposé include: thése “which, in
-dqueous: solutions,” would: have: éléctrode poten-
tiglivalues of 1, 700t greater as shown by the ele¢-
“troniotive :force series. "Of these, the alkali- and
dlkaline earth metals are especlally useful be-
“catise: their “eléctrode potentrals ‘are’all greater
“thian. 2:0,-4 Tact-which insures Tapid réaction at
‘the 1750° :C. 'or higher ‘temperature usually” ém-
ployed ‘herein: “Among speclﬁc examples ‘of such
‘useful - and contemplated “redueing metals are
magnesmm ‘calcium, barlum strontmm alumr-
nim;’ sodlum potassmm or lithium. - These are
molter‘at 750> -C. or-higher and have relatwely
low~ spec1ﬁc gravities enabling them to be ﬂoated

6
ori‘the most suitable metal halide salt baths " Of
those mentioned, calcium. and magnesium are
preferred magnesium"being most preferred for
use in view of its high ‘potential and production
in ‘the reaction of a residue easily separated from
the metal being produced.

A'variety of metal halide salts can’ be employed
as theé molten metal bath, provided they are sub-
stantially inert with respect to the reactants em-
ployed. However, certain restrictions exist as to
the combinations of eémployablé supporting bath
and reducing metal.” The relative densities of the
rediicing metal and the supporting metal salts
and:the pressures ‘maintained within the reac-
tion’ vessel are most critical. The metal must be
less dense than the support; and both must be
liquid: w1th1n the same témperature and pressure
range. - - Preferably, the bath salt used comprises
the sdame s4alt as that which is or will be produced
in the reduction reaction. For example, when re-
ducing TiCl: with magnesium, the maghesium is
preferably floated on a melt of magnesium chlo-
ride; and when calcium of other alkahne ‘earth
metals-are resorted to as reducmg agents 8° melt
of .the: correspondlng alkalirie earth’ ’tal halide,

especlally a chloride;” i “préferred for employ-
ment. Slmllarly, sodlum may be supported-on
sodium chlor1de, when the’ sodlum reductlon
method is- resorted to potassmm on potassium
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-economical,
‘While: these chlorides: are preferred, the bromldes,
‘jodides or fluorides of these’ metals ¢an’ also be

with" thexr fliierides at” atmosphenc pressure be-
calse-the fluorides are solid at’ a temperature

‘wheéte: the mietalsivolatilizeé: - Howeéver; such sys-

tenis éan be resorted to w1th addltlon of a lower
melting ‘halide salt, sueh ds’s6dium or' potassiuln
chlorides. Oxygen-contaxmng compounds are
not desuable for ‘use'in the mventzon because of
the undemred contamlnatmn Which would result
of the metal being produced Excépt *for tiése
restrictions of density and melting ter peratures,
any combinatioin of reducmg agent and fholten
liquid metdl halide. support can be generally“em-
poned in'the’invention. " ~ ..

“The metals” “whieh” thrs 1nvent10n s part "u-
larly useful for producmg comprrse titanium ‘and
z1rcon1um Any of therr hahdes can be reduced

of’ whrch has an’ atomrc nurnber greater "‘thaii 9,
i.-e., chlorine, bromine, or 1od1ne are’ ' genérally
utxhzable The chlorxdes ‘slich as TiCld and ZiCls,
are preferred fof use since they are’ “thie ‘most
"practical ‘ahd readlly obtalna Ie.

used, a$ already indicated. "The fluorides are 16ss
desirable for: employmetit;, espemally nce ‘the
alkaline earth ﬁuondes which result in the proc-
€ss are 1nsoluble in water-and difficult to elimii~
nate in ‘the subsequent purifieation operatmn
Todidés and bromides are also solid: 4t room tem=
perature ‘and, though employable rare’ écohormil-
cally” disadvantageous due to thelr 're atlvely
high cost.’

when " using” the’ tetrachloudes' at “atmos
pressures-zirconium tetrachlorlde is a sohd
sublimes at about 300° C.;' W

T Thus, the chidsen miethod of additzon-of zir-
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conium tetrachloride may be -different. : Aside
from. this, the involved:-halides may be added in
any desired form, -either as golids; liquids, or
vapors. - If added: as-liquids, or as solids,:they
become volatilized - upon - mtroductlon mto the
heated reaction vessel. . .::

~“While reactor. temperatules in- t‘le range of
from 800-900° C. and substantially atmospheric
pressures are employed during the reaction, such
temperatures and pressures are merely preferred.
If desired,: temperatures ranging from 750-1100°
C., as well as pressures above atmospheric.and to,
say, from 1-3 .atmospheres or higher, can be re~
sorted-to. -Again, while argon has been indicated
as a:preferred, useful type of:protective or:inert
gas for-employment in.the invention, other-inert
gaseous elements of group.0. of:-the periodic table,
including helium or:neon, or mixtures thereof,
can--be employed.. Additionally, any other pro-
teetive and inert. gas can be used, provided such
gas.is free from. undesirable reactants, especially
oxygen and mtlogen the plesencn of whlch is to
be.avoided in the system.

As an-alternative to the contlnuous or inter-

mittent withdrawal of the sponge metal reaction -

product through reactor outlet 4, withdrawal of
such sponge can, if desired,- be effected in the
form -of--a spongy ingot by taking advantage of
the characteristic of :the titanium -or zirconium
reaction product to adhere: to any solid-surface
including itself.  Thus, this ingot can be started
by having present at the beginning of the reaction
a. suitable supporting surface:or “bait”’ material
upon -which:the sponge product will “grow” and

be subsequently withdrawn through the top: of-

the reactor. . For example; a- suitable starting
material, such as a rod or other form:of titanium,
can. be suitably. disposed -above -and - inserted
through the top of the reactor to descend there-
from:.into -the vortex formed at- the top .of the
metal-halide bath and contact the pool-of molten
reducing metal retained in such vortex..- As the
reaction proceeds, this rod together with -its de-
posit of -sponge: metal.from. the reaction can be
slowly withdrawn.upwardly from the reactor. to
proceed through a -suitable- cooling space and
gas-sealed removal lock  for .withdrawal: to a
suitable purification stage:-of the 'process: The
ingot will be -somewhat porous: and -will: contain
‘minor amounts of magnesium chloride and mag-
mnesium metal, but-the latter will continue-to
react: with the .titanium- or: zirconium- halide to
which it is exposed within-the reactor and.until
it -has- passed through the gas locks or other
means.adapted to prevent admission of air into
the reactor. . The manner of withdrawal-of the
metal and the physical condition thereof at: the
time of withdrawal -may ‘be selected at will and
may be determined by the use- for which the
metal product is.designed. - :::

A most important feature of the 1nvent10n is,
as -already - noted, ;the special motion which .is
imparted to-the supporting liquid salt bath. . It
is-due principally to this feature of the invention
that the present process:is rendered :continuous
and.resort to such liquid motion will be. found
to.obviate many of-the difficulties attendant prior
titanium and zirconium metal producing opera-
tions.: Obviously -this- liquid. motion -and main-
tenance of a vortex may be achievedin a variety
of. ways, the simplest- being by mechanical agi-
tatmn and through. resort to..the: paddle means
‘within. a reactor such as- has been: described -in
the-drawing. Varlous other devmes and modl-

ﬂcatlons of such vortex—mducmg means: can be *
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resorted: to. For instance,. the reaction-vessel
equipped. with: 8 conventional paddle and. drive
shaft-may be placed on a. suitable turn-table or

-other media adapted to rotate said paddle; or the

liquid. support bath may be actually pumped out
at the bottom of the reactor and returned thereto

in continuous circulation:at the:top thereof.for
flow downwardly along its side:-walls.

This will
give the same effect of motion from the side walls
to the center -of the:vessel and downward. . Al-

-ternatively, such movement may be accomplished

with' the aid:of a submerged, inverted, conical
structure . so arranged or’ positioned :that there

.is a-limited opening at the periphery of:the ves-

sél. . These :and .other ‘obvious modifications to
the 1nvent10n will be apparent to those skllled m

»the art.

- The great advantage of this 1nvent10n and its
1mmed1ate “value "in the field:of titanium :and
zirconium metal production will be apparent from
the fact-that-for the first time it is possible to
obtain - such ‘metals in a pure state by a con-

‘tinuous operation in which: ‘the raw materials

may be-continuously added to a.reaction vessél

-and the sponge metal product continuously with-

drawn therefrom for recovery and purlﬁcatlon

I claim as’'my invention:

1.- A method: for producing.a metal selected
from: the group consisting’of titanium and zir-
conium ‘which comprises reducing in an ‘inert
atmosphere: and at an ‘elevated temperature
within:a wall-enclosed reaction zone a halide of
said metal with a metallic reducing agent hav-
ing an electrode potential value of at least 1.70,
throughout said reaction floating said reducing
agent out of contact with the walls of said re-
action zone and on the surface and in the vortex
of an inert molten metal salt bath maintained

in vortical motion within said zone by mechani-

cal impelling means disposed wholly below the
surface of -said vortex, and withdrawing there-
from the resulting metal reaction product.

2. A method for producing a metal selected
from the group consisting of titanium’and zir-
conium which compriSes reducing in an inert
atmosphere and at temperatures ranging irom
750-1100° C. in a wall-enclosed reaction zone; a
volatile halide of said metal the halogen com-
ponent of which has an atomic number greater
than 9.with a metallic reducing agent having an
electrode potential.value of at least 1.70, which
agent, during the reaction and at said tempera-
ture, forms- a liquid halide: by-product; through-

. out said reduction. floating said reducing agent
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out of contact with the walls of said reaction zone

.on the surface and in the vortex of an inert metal

salt,bath which is maintained in vortical -motion
within -said zone by mechanical impelling means

«disposed wholly below the surface of said: vortex,

and withdrawing. therefrom the resultmg metal

reaction product.

- 3. A process. for- the preparatlon of tltamum

metal which comprises-floating. molten magnesi-~

um.- on:the surface of a mass-of molten magne-

sium- chloride maintained within: and. partially

filling a wall-enclosed reaction zone, maintaining
said.zone-under an atmosphere of argon and at
temperatures ranging from 800-900° C., forming
a vortex. within said mass-and at the surface

thereof by imparting. motion thereto below- its

surface and from its periphery towards.its center
and. thence downwardly but.at 3 rate.which:is

insufficient to completely submerge:said molten
‘magnesium- in' said ehloride: but- maintains: the
magnesium: within.-a: vortex -and: out of:-contact
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with the walls of said reaction zone, effecting said
vortical motion by mechanical impelling means
disposed wholly below the surface of said vortex,
maintaining a charge of titanium tetrachloride
vapors above the surface of and for reaction with
said molten magnesium, and during the reaction
withdrawing from said reaction zone titanium
metal formed in the reaction.

4. A process for the preparation of zirconium
metal which comprises floating molten magne-
sium on the surface of a mass of molten magne-
sium chloride maintained within and partially
filling a reaction zone, maintaining said zone
under an atmosphere of argon and at tempera-
tures ranging from 800-900° C., forming a vortex
within said mass and at the surface thereof by
imparting motion thereto from its periphery to-
wards its center and thence downwardly but at a
rate which is insufficient to completely sub-
merge said molten magnesium in said chloride
but maintains the magnesium out of contact with
the walls of said reaction zone, effecting said
vortical motion by mechanical impelling means
disposed wholly below the surface of said vortex,
maintaining a charge of zirconium chloride
vapors above the surface of and for reaction
with said molten magnesium, and during the
reaction withdrawing from said reaction zone
zirconium metal formed in the reaction.

5. A process for the preparation of titanium
metal which comprises floating molten sodium on
the surface of a mass of molten sodium chloride
maintained within and partially filling a reac-
tion zone, maintaining said zone under an at-
mosphere of argon and at temperatures ranging
from 800-900° C., forming a vortex within said
mass and at the surface thereof by imparting
motion thereto from its periphery towards its
center and thence downwardly but at a rate
which is insufficient to completely submerge said
molten sodium in said chloride but maintains the
sodium out of contact with the walls of said re-
action zone, effecting said vortical motion by
mechanical impelling means disposed wholly
below the surface of said vortex, maintaining a
charge of titanium tetrachloride vapors above the

surface of and for reaction with sald molten
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sodium, and during the reaction withdrawing
from said reaction zone titanium metal formed
in the reaction.

6. A process for the preparation of titanium
metal which comprises floating molten calcium
on the surface of a mass of molten calcium chlo-~
ride maintained within and partially filling a
reaction zone, maintaining said zone under an
atmosphere of argon and at temperatures rang-
ing from 800-900° C., forming a vortex within
said mass and at the surface thereof by impart-
ing motion thereto from its periphery towards
its center and thence downwardly but at 2 rate
which is insufficient to completely submerge said
molten caleium in said chloride but maintains the
caleium out of contact with the walls of said re-
action zone, effecting said vortical motion by .
mechanical impelling means disposed wholly
below the surface of said vortex, maintaining a
charge of titanium tetrachloride vapors above
the surface of and for reaction with said molten
caleium, and during the reaction withdrawing
from said reaction zone titanium metal formed
in the reaction.
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