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. This invention relates to the production of metallic
titanium and, more particularly, to an electrolyzing device
capable of being used as a diaphragm or as a combination
deposition cathode and diaphragm in the fused salt bath
electrodeposition of metallic titanium.

In the electrodeposition of metallic titanium by elec-
trolysis of a titaniferous material contained in a fused salt
bath, it has generally been found. difficult to produce a
metalli¢ titanium deposit on a cathode in such form that
the deposit will adhere to.the cathode with sufficient te-
nacity. to permit harvesting the deposited titanium by
rémoving the cathode from the cell. The same problem
of tenacity of the deposited titanium appliés to the use
of a metallic screen on which a titanium deposit is built
up for the purpose of developing a titanium-metal dia-
phragm which ‘can be used to maintain separate anolyte
and catholyte compartments in the cell. -

'I'have now found that a certain mechanical structure
fends itself to use both as a screen-type diaphragm or as
a combination screen-type diaphragm and deposition
cathode by virtue of its ability to éstablish a tenacious
bond between itself and the electrodeposited titanium.
The electrolyzing device of the present invention, embody-
ing the aforementioned structure, comprises an open-
topped vessel composed essentially of impervious sections
and -at least one ‘pervious section, each pervious section
of the vessel being bordered by the impervious sections
thereof. By virtue of this structural arrangement, fluid
communication between portions of the fused salt bath
within and without the vessel is possible only through a
pervious section of the vessel when the device is so im-
mersed in the bath as to prevent the bath flowing over
the ‘top of the vessel. - In the presently preferred em-
bodiment of the invention, the open-topped vessel com-
prises side walls and a bottom wall, the side walls being
composed -essentially of impervious sections and at least
one pervious section, each pervious section being bordered
by the impervious sections. '

- These and. other novel features of the electrolyzing
device of my invention will -be more clearly understood
from: the following description taken in conjunction with
the drawings in which ~ ) - :

+Fig. .1 is a plan view of the electrolyzing device;-

~Fig. 2 isa side elevation of this device;

:Fig. 3-is a side elevation of another modification of
the electrolyzing device of my invention; and S

-Fig. 4 is a sectional elevation showing the electrolyzing
device mounted in an electrolyzing cell wherein the de-
vice is being used ‘as a-combined diaphragm and elec-
trodeposition cathode. - - . - C .

. As canbe seen readily from Figs. 1 and 2, the presently
preferred. embodiment of my -electrolyzing device. com-
prises. side walls 5 which. are in fluid-tight contact with
an. impervious bottom wall 6. This fluid-tight contact
may -be the ‘result either of an integral construction of
the lower portion of the side walls and the bottom wall
or the two walls may be joined- together by welding or.
the like. The side walls 5 are composed essentially of at
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least one pervious section 7 and at least two impervious
sections 8¢ and 8. These sections of the side walls are
so arranged that the pervious section is bordered by the
impervious sections 8a and 8b. Although the side walls
5 may be composed merely of these three sections, it may
also be composed of two or more pervious sections com-
prising the sections 7 and 7a each bordered by impervious
sections 8a, 8b and 8c, as shown in Fig. 2. Moreover, it

" will be readily understood that, instead of the aforemen-
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tioned ‘cylindrical shape, the vessel can advantageously

- have the shape of a hemisphere or the like. Regardless

15

of the number of pervious and impervious sections and
regardless of its geometric shape, the open-topped vessel
is supported in a fused salt bath within an electrolyzing
cell by a supporting rod 9 secured to any convenient part
of the vessel such as the side wall 5. The supporting

" rod 9 also provides an electrical connection from an exter-
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nal source to the side wall structure of the device.

The pervious section of the electrolyzing device of
my invention is advantageously, though not necessarily,
composed of wire mesh screen. The size of the screen
openings may vary considerably, depending upon the type
of mesh and the number of layers of screen used, pro-
vided that the resulting structure forms a pervious sec-
tion having very fine and preferably labyrinth openings.

_ For example, I have found that a double thickness of a
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Dutch weave screen having 14 mesh per inch in one di-
rection and 120 mesh per inch in the other direction pro-
vides a very effective pervious side wall structure. How-
ever, a single thickness of this screen can be used satis-
factorily. Moreover, other types of screen mesh having
different ranges of screen openings as well as other perfo-
rate structures may be used in practicing my invention.
Thus, a twill mesh fine screen is effective, as are also a
calendered wire filter cloth composed of XXD400 nickel
wire (a product presently made and sold under the trade
name “Multi-Braid”), a combination of two perforated
plates welded together so that their perforations are out
of registry so that fluid flow is restricted to the space be-
tween the plates (a product also presently made and sold
under the trade name “Neva Clog”), and porous sintered
structures made by conventional powder metallurgy tech-
niques. All of thesé types of previous structures are un-

‘derstood to be included in the expression “screen-like”

used elsewhere herein. The only essential requirement

. of the pervious section of the side walls of my electrolyz-

"ing device is that its openings be sufficiently small to per-

mit the building up thereover of a metallic titanium

- deposit by electrodeposition in a fused salt bath,
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- The construction of a side wall composed of a pervious

.. section bordered by two impervious sections can be
" readily obtained by welding the edges of a strip of screen
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material to adjoining edges of impervious sheet material,
On the other hand, as shown in Fig. 3, I have constructed
a wholly suitable device by using a cylindrical side ‘wall

_ 5 composed of sheet material having large openings 10

punched at intervals throughout its surface and by secur-
ing to the inner surface of this cylinder a lining of screen
material 11 such as that referied to hereinbefore. It will
be readily appreciated, accordingly, that a variety of

.. other geometrical variations can be used, the important
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criterion being that each pervious section of the structure
be bordered on all sides by impervious sections so that
when the device is immersed in a fused salt bath in such
manner that the salt bath does not overflow the upper

. edge of the side walls, fluid communication between por-
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tions of the fused salt bath within and without the side
walls is possible only through the pervious sections of the
device.

The electrolyzing device of my invention may be com-

.. posed of any electrically conductive material which is
" resistant to attack by the composition of the fused salt



bath containing the mormal products of the electrolysis.
Thus, nickel or nickel base alloys, molybdenum, mild
steel and iron may be used for this structure. All of
these materials, under the electrolytic conditions prevail-
ing in the use of my device, are relatively corrosion-
resistant and do not significantly contaminate the bath.

The use of the electrolyzing device of my inveation as
a combined diaphragm and deposition cathode is illus-
trated in Fig. 4. - As shown in this figure, a closed cell
12 is provided with a fused salt bath 13 in which the
electrolyzing device is nearly but not completely im-
mersed. - A silica dome i4 extends downwardly into the
interior of the side walls 5 of the electrolyzing device, the
lower extremities of the dome being immersed in the fused
salt bath.. - The dome is-secured to a graphite anode base
15 which is provided with ports. 16 and a depending anode
section 17. . The ports 16 permit the escape of chlorine
gas from the. surface of the bath within the dome 14
into a chlorine effluent tube 18. Both the chlorine. efflu-
ent tube 18 and the supporting rod 9 for the electro-
lyzing device extend through the top of the cell. When
the electrolyzing conditions are such that metallic tita-
nium is electrolytically deposited on the outermost sur-
face of the side walls 5, that is, on the surface of the
walls distal with respect to the anode 17, the titanium
- deposit forms an adherent layer on the impervious sec-
tions 8a, 80 and 8c and forms a bridge over the inter-
mediate pervious sections of the side wall. The bridge
portion of the titanium deposit on the outer surface of the
pervious sections 7 and 7a is sufficiently porous to permit
the maintenance of the electrolyzing conditions required
to deposit metallic titanium on this distal cathode
surface.

The electrolytic conditions which are required to in-
sure the electrodeposition of titanium on the distal surface
of the electrolyzing device when it functions as the cell
cathode consist essentially of the maintenance of a tita-
nium ion concentration in that portion of the bath be-
tween the anode and the proximate cathode surface
suficiently low to preclude deposition of titanium on the
proximate cathode surface. This result is achieved pri-
marily by the maintenance of a relatively high current
density between the anode and cathode, as well as by
feeding titaniferous make-up material only to the por-
tion of the fused salt bath adjacent the distal surface of
the side walls 5. Under these conditions, when once at-

_ tained, the electrolyzing current flows through each per- -

vious section of the side walls in a path that extends
between the distal surface of the side walls 5 and the
anode 17 positioned within the confines of the side walls.
Tt will be readily urderstood, of course, that these same
electrolyzing conditions can be obtained when the anode
is positioned exteriorly of the side walls 5 of my elec-
trolyzing device, in which event the distal surface of the
deposition cathode (the side walls 5), with respect to the
exterior anode, comprises the inner surface of the side
walls 5. Regardless of whether the “distal” surface of
the electrolyzing device is the inner or outer surface of
its side walls, the formation of a titaniam metal deposit
on the pervious section of the side walls reduces the size
of the openings in this section to the extesnt that it func-
tions as a cell diaphragm capable of maintaining sepa-
rate but communicating anolyte and catholyte portions of
the cell bath.

The following specific example of the operation of
an electrolytic cell using the electrolyzing device de-
scribed hereinbefore as a combined diaphragm and depo-

sition cathode will further serve to show how this device '

is used. The electrolyzing device comprised a cylin-
drical side wall structure 10% inches high and 5 inches
in diameter and having two pervious sections each 15
inch wide and spaced 1%% inches. apart. The pervious
sections consisted of double thicknesses of 14 x 120 mesh
(per inch) Dutch weave screen welded to the exterior
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adjoining surface of the impervious sections, as shown in
Figs. 1 and 2.  In this screen, the “14 mesh” wires
had a diameter of 0.015 inch and the “120 mesh” wires
had a diameter of 0.010 inch. The supporting rod had
a diameter of ¥ inch and was 30 inches long in order to
provide a cathode connection above the top of the cell.
The top of the side wall structure was open, but the bot-
tom was closed with an impervious sheet welded to the
lower extremities of the side wall structure. All of these
components of the device were made of nickel and
nickel-base alloy, and the device was immersed in a
fused salt bath in an electrolytic cell in an arrangement
such as that shown in Fig. 4. '

The cell bath was composed of a eutectic mixture of
5 mol percent of sodium chloride, 40 mol percent of
potassium chloride and 55 mol percent of lithinm chlo-
ride, the mixture having a reported melting point of
372° C. but actually melting at a temperature of about
345° C. This bath was brought up to a tercperature of
650° C. before the start of the cell operation.

A 50 ampere direct current at approximately four volts
was applied to the cell electrodes while a theoretical
1-to-1 feed ratio of TiCl, to cell current (i.e., one gram
mol of TiCl, to 4 Faradays) was fed to the cell through
an inlet 19 (Fig. 4) for about six hours in order to build
up a deposit of titanium sponge on the screen. This
screen pre-coating treatment was followed by a 2-to-1

- feed ratio in which titanium deposition virtually ceased
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and practically ali of the current was used to convert the
TiCl, feed to a lower valent titanium chloride and chlo-
rine. This procedure gradually increased the titanium con-
centration in the melt to approximately 2.0% by weight

- of the bath in about 21 hours of operation. At the end
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of this build-up cycle, the applied voltage required fo
maintain this condition was approximately 3.6 volts at
50 amperes with zn open circuit back E.M.F. of 2.5 volts.
The calculated cell resistance was 0.022 ohm.

Following this cycle for building up the desired tita-
nium, concentration in the molten bath, the temperature
of the melt was lowered to 550° C. and the TiCl,; feed
was cut down again to the 1-to-1 feed-to-current ratio
theoretically required to maintain a constant titanium con-
centration in the cell while depositing titanium sponge on
the outside of the unitary cathode-diaphragm unit. Thus,
a 50 ampere and 50 cc. per hour TiCl, feed rate was main-
tained steadily for approximately 62 hours until the de-
sired total of five liters of TiCl, had been fed to the cell.
Readings taken at the end of this steady-state operation
showed an impressed voltage of 4.2 volts at 50 amperes
with an open circuit back E.M.F. of 2.9 volts. The cell
resistance at this time was calculated to be 0.026 ohm.

In order then to strip the cell bath of its titanium con-

“ tent, the current was maintained at 50 amperes without
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"to harvest the product.

feeding TiCl,. This stripping was continued for 17 hours
until a back E.M.F. of 3.4 volts was obtained, which cor-
réesponded to a final cell resistance of 0.027 ohm. The
melt was then cooled to 450° C. before opening the cell
Argon gas was immediately
blown over the hot deposit to cool it quickly -and to pre-
vent its oxidation. Thereafter, the entire cathode, with
its deposit, was immersed in ice water preparatory to
leaching out the entrained salt and further processing o

“the titanium deposit. R

The final deposit on the cathode structure was up to

' 9 inches-thick with most ‘of the coarse crystalline prod-

uct in the outer 3 inch of the deposit. The inner sec-
tions closer to the -diaphragm were high in solidified salt

" with some crystalline titanium of finer particle size. The

deposit ‘adhered firmly to the impervious sections of the
structure and appeared not to adhere to the pervious sec-
tions. There was an observable deposit of metallic' ti-
tanium within the interior of the wire mesh screen of
the pervious sections, however, thus indicating that the
titanium metal had contributed to the effctiveness of the
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fine openings in defining a diaphragm structuré, There
was practically no sludge on the bottom of the cell and
very little on the bottom of the interior of the cathode
structure. The. over-all-titanium recovery based on the
TiCly feed was over 80%, of which about 70% had a
hardness' grade of 40 Rockwell A.

» : Although the electrolyzing device of my invention was
used in the foregoing example both as a cell diaphragm
and as a deposition cathode, it will be readily understood
that after the initial stage of depositing metallic titanium
on the distal surface of the pervious section of the device
it can be used exclusively as a diaphragm positioned be-
tween the anode and a more remote cathode surface. It
must also be understood that although the use of my elec-
trolyzing device has been illustrated in connection with
the electrolytic conversion of titanium tetrachloride to
titanium metal, the device may be used in any other
electrolytic process for the production of metallic ti-
tanium fror other titaniferous materials such as the alkali
metal fluotitanates, titanium monoxide, and the like. In
all of these electrolytic operations, the device of the pres-
ent invention, having a metallic titanjum deposit on the
distal surface of each pervious section of its side walls,
provides a highly effective diaphragm for the maintenance
of anolyte and catholyte portions of the fused salt cell
bath; whether it also functions thereafter as a deposition
cathode is determined by whether another cathode surface

is provided in the cell bath beyond the titanium-bearing -

surface of the device. Regardless of whether the device
is used merely as a diaphragm or as a combined dia-
phragm and deposition cathode, I have found that the
metallic titanjum deposit adheres firmly to the surface
of the impervious sections of the side walls adjoining
each pervious section, thus insuring a firm footing for a
bridge-like deposit which forms on the surface of the
intermediate pervious section. As a result, there is no
significant sloughing of the titanium deposit on my elec-
trolyzing device even when the deposit is several inches
thick, and in this way the electrolyzing device of my in-
vention differs significantly from all-impervious and all-
pervious deposition cathode surfaces used heretofore.
But in spite of the tenacity of this titanium deposit, it
is sufficiently porous over the pervious sections of the
device, regardless of the thickness of the deposit, to per-
mit the degree of communication required between ano-
Iyte and catholyte compartments of a fused salt bath cell,

I claim:

1. An electrolytic cell for producing metallic titanium
by electrolysis of a titanium chloride contained in a fused
halide salt bath, the cell comprising enclosing walls
adapted to hold a body of the fused bath, there being sus-
pended in the fused salt bath an electrolyzing -device
capable of being used as a diaphragm and as a combined
diaphragm and deposition cathode and comprising an

" open-topped vessel composed essentially of impervious

sections and at least one pervious screen-like section all
of electrically conductive material, each pervious section
of the vessel being bordered by impervious sections thereof
so that fluid communication between portions of the fused
salt bath separated solely by the walls of the vessel is
possible only through a pervious section thereof, an elec-
tronegative connection to said device, and an anode sup-
ported in the fused salt bath,

2. An electrolytic cell for producing metallic titanium
by electrolysis of a titanium chloride contained in a fused
halide salt bath, the cell comprising enclosing walls
adapted to hold a body of the fused bath, there being sus-
pended in the fused salt bath an electrolyzing device
capable of being used as a diaphragm and as a combined
diaphragm and deposition cathode and comprising side
walls and an imprevious bottom wall, the side walls of
said structure being composed essentially of impervious
sections and at least one pervious wire screen section all
of electrically conductive material, each pervious section
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6
of the side walls being bordered by impervious sectiotis
thereof so that fluid communication between portions. of

‘the fused salt bath separated solely by the side walls is

possible only. through a pervious section of the side walls,
an electronegative connection to said device, and “an
anode supported in the fused salt bath. .

3. An electrolytic cell for producing metallic titanium
by electrolysis of a titanium chloride contained in a fused
halide' salt bath; the: cell comprising enclosing ~walls
adapted to hold a body of the fused bath, there being sus-
pended in the fused salt bath an electrolyzing device ca-
pable of being used as a diaphragm and as a combined
diaphragm and deposition cathode and comprising an
open-topped vessel composed essentially of impervious
sections and at least one pervious double-thickness screen
section all of electrically conductive material, each per-
vious section of the vessel being bordered by impervious
sections thereof so that fluid communication between por-
tions of the fused salt bath separated solely by the walls of
the vessel is possible only through a pervious section
thereof, an electronegative connection to said device, and
an anode supported in the fused salt bath,

4. An electrolytic cell for producing metallic titanium
by electrolysis of a titanium chloride contained in a fused .
halide salt bath, the cell comprising enclosing walls
adapted to hold a body of the fused bath, there being sus-
pended in the fused salt bath an electrolyzing device ca-
pable of being used as a diaphragm and as a combined
diaphragm and deposition cathode and comprising an
open-topped vessel composed essentially of impervious
sections and at least one pervious screen-like section all
of electrically conductive material, each pervious section
of the vessel comprising a Dutch weave wire screen having
14 mesh per inch in one direction and 120 mesh per inch
in the other direction and being bordered by impervious
sections thereof so that fluid communication between
portions of the fused salt bath separated solely by the
walls of the vessel is possible only through a pervious
section thereof, an electronegative connection to said
device, and an anode supported in the fused salt bath.

5. An electrolytic cell for producing metallic titanium
by electrolysis of a titanium chloride contained in a fused
halide salt bath, the cell comprising enclosing walls
adapted to hold a body of the fused bath, there being
suspended in the fused salt bath an electrolyzing device
capable of being used as a diaphragm and as a combined
diaphragm and deposition cathode and comprising side
walls in fluid-tight contact with an impervious bottom
wall and adapted to be immersed in the fused salt bath,
the side walls being composed essentially of impervious
material provided with spaced openings and with an ad-
jacent liner of wire screen so as to provide a wall structure
of pervious and impervious sections all: of electrically
conductive material, each pervious section of the vessel
being bordered by impervious sections thereof so that fluid
communication between portions of the fused salt bath
separated solely by the walls of the vessel is possible only
through a pervious section thereof, an electronegative con-
nection to said device, and an anode supported in the
fused salt bath. o

6. An electrolytic cell for producing metallic titanium
by electrolysis of a titanium chloride contained in a fused
halide salt bath, the cell comprising enclosing walls
adapted to hold a body of the fused bath, there being sus-
pended in the fused salt an electrolyzing device capable-
of being used as a diaphragm and as a combined dia-~
phragm and deposition cathode and comprising an open-
topped vessel composed essentially of impervious sections
and at least one pervious screen-like section, ‘all of elec-
trically conductive material, each pervious section of the
vessel being bordered by impervious sections thereof S0
that fluid communication between portions of the fused
salt bath separated solely by the walls of the vessel is'pos-
sible only through a pervious section thereof, an electro-
negative connection to said device, an anode supported
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7
:in the fused -salt bath within the -intetriot of said device,
“barrier means for maintaining separation of the portions
:of the cell atmosphere above the:bath on opposite sides of
the side walls of said electrolyzing device, discharge means
Hfor -discharging from the portion of the cell atmosphere
above and in contact with the anodé¢ the chlorine "gas
evolved at the surface of the anode in contact with the
‘bath, and delivery means for supplying titaninm tetra-
<hloride to the other portion of the cell atmosphere. -
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