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This invention relates to the production of metallic 
titanium and more particularly to an electrolyzing device 
capable of beingused as a diaphragmorasa combination 
deposition cathode and diaphragmin the fused Salt bath 
electrodeposition of metallictitanium. 
In the electrodeposition of metallictitanium by elec 

trolysis of atitaniferous material containedin a fused salt 
bath it hasgenerally been found dificult to produce a 
metallictitanium depositon a cathode in.such form that 
the deposit willadhere to the cathode with sufficient te 
nacity to permit harvesting the deposited titanium by 
removing the cathode from the cell The same problem 
of tenacity of the deposited titanium applies to the use 
of a metallic screen on which atitanium depositis built 
up for the purpose of developing atitanium-metal dia 
phragm whichcan beused to maintain separate anolyte 
and catholytecompartmentsin the cell. - 
I have now found thata certain mechanical structure 

lends itself touse both as a screen-type diaphragm or as 
a combination screen-type diaphragm and deposition 
cathode by virtue of its ability to establish a tenacious 
bond between itself and the electrodeposited titanium. 
Theelectrolyzingdevice ofthepresentinvention embody 
ing the aforementioned structure comprises an open 
topped vessel composed essentially ofimpervioussections 
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?fuid 
communication between portions of the fused salt bath 
within and without the vesselis possible only through a 
pervious section of the vessel when the device isso im 
mersed in the bath asto prevent the bath flowing over 
the top of the vessel. In the presently preferred em 
bodiment of the invention the open-topped vessel com 
prisesside walls and a bottom wall the side walls being 
composed essentially of impervious sections and at least 
one pervioussection each pervioussection being bordered 
bythe 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 drawingsin which ? ?? 
Fig.1 is a plan view of the electrolyzing device; 

? Fig 2isaside elevation ofthis device; - 
Fig.3 is a side elevation of another modification of 

the electrolyzing device of my invention; and 
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 ? : ? ? 
:Ascan beseen readilyfrom Figs.1 and2, the presently 

preferred embodiment of my electrolyzing device com 
prisesside walls 5 whichare in fuid-tight contact with 
an impervious bottom.wall6 This fuid-tight contact 
may bethe result either of an integral construction of 
the lowerportion of the side walls and the bottomwall 
orthetwowals may be joined together bywelding.or 
the like Theside walls 5 are composed essentially of at 
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least one pervious section 7 and at least two impervious 
Sections 8a and 8b. These sections of the side walls are 
So arranged that the pervious sectionis 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 oftwo or more pervious sections com 
prising the Sections 7 and7a each bordered by impervious 
Sections Ba, 8b and 8c as shown in Fig.2. Moreover it 
will be readily understood that instead of the aforemen 
tioned cylindrical shape the vessel can advantageously 
have the shape of a hemisphere orthe like Regardless 
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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 
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rod 9 also provides an electricalconnectionfromanexter 
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 maywary considerably dependingupon thetype 
of mesh and the number of layers of screenused pro 
Vided that the resulting structure forms a pervious sec 
tion having very fine and preferably labyrinth openings. 
For example I have found thata double thickness of a 
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Dutch weave screen having 14 mesh perinchin one di 
rection and 120mesh perinchin the other direction pro 
Vides a very efective pervious side wall structure How 
ever a single thickness of this screen can beused satis 
factorily Moreover othertypes of screen mesh having 
diferentranges ofscreen openings as wellasotherperfo 
rate Structures may be used in practicing my invention 
Thus a twill mesh fine screenis efective as are also a 
calendered wire filter cloth composed of XXD400 nickel 
wire (a product presently made and sold underthetrade 
name "Multi-Braid") a combination oftwo perforated 
plates welded togetherso that their perforations are out 
of registryso thatfuid flowis restricted to the space be 
tweenthe plates (a productalso presentlymade and sold 
under the trade name"Neva Clog")?and poroussintered 
structures made by conventional powdermetallurgytech 
niques All ofthese types of previous structuresareun 
derstood to be included in the expression “screen-like" 
used elsewhere herein The only essential requirement 

?9f the pervious section of the side walls ofmy electrolyz 
ing deviceis thatits openingsbe suficientlysmaItoper 
mit the building up thereover of a metallictitanium 
deposit by electrodepositionin a fused salt bath. 

50 The construction ofaside wallcomposed ofapervious 
?Section bordered by two impervious sections can be 

readily obtained bywelding the edges of a strip ofscreen 
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material to adjoiningedges of impervious sheetmaterial. 
On the other hand asshownin 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 atintervals throughoutits surface and by secur 
ingto the innersurface of this cylinder a lining of screen 
material11Such as thatreferred to hereinbefore?It will 
be readily appreciated accordingly that a variety of 

.. othergeometrical variations can be used the important 
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Criterion being thateach pervious section of the structure 
be bordered on all sides by impervious sections so that 
when the device is immersedin 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 
tions of the fused salt bath within and without the side 
wallsis possible onlythrough the pervious sections ofthe 
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 
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bath containing the normal products of the electrolysis. 
Thus nickel or nickel base alloys molybdenum, mild 
steel and iron may be used forthis structure All of 
these materials underthe 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 invention as 

a combined diaphragm and deposition cathode is illus 
tratedin 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 14 extends downwardly into the 
interior ofthe side walls 5 ofthe electrolyzing device the 
lowerextremities ofthe dome beingimmersedinthefused 
saltbath The domeis-secured toa graphite anode base 
15whichis provided with ports.15anda depending anode 
section 17. The ports i5 permit the escape of chlorine 
gas from the surface of the bath within the dome 14 
into a chlorine efluent tube 18. Both the chlorine eflu 
ent tube 18 and the Supporting rod 9 forthe 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, thatis 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 3a, 8b and 8c and forms a bridge over the inter 
mediate pervious sections of the side wall The bridge 
portion ofthe titanium deposit on the outersurface ofthe 
pervioussections7 and7ais sufficientlyporousto 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 oftitanium on the distal Surface 
of the electrolyzing device when it functions as the cell 
cathode consistessentially of the maintenance of atita 
1mium 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 resultis 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 S. 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. 
It will be readily understood 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 orouter Surface of 
its side walls the formation of atitanium metal deposit 
on the pervious section of the Side walls reduces the size 
of the openings in this section to the extent thatit func 
tions as a cell diaphragm capable of maintaining Sepa 
rate butcommunicating 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 diaphragmand depo 
sition cathodewilfurtherserve toshow how this device? 
is used The electrolyzing device comprised a cylin 
drical side wal1structure 10% inches high and 5 inches 
in diameter and having two pervious sections each % 
inch wide and spaced 1?? inches apart The pervious 
sectionsconsisted of double thicknesses of14x120 mesh 
(perinch) Dutch weave screen welded to the exterior 
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adjoining Surface of the impervious sections as shownin 
Figs. l 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 longin orderto 
provide a cathode connection above the top of the cell. 
The top of the side wallstructure was open, but the bot 
tom was closed with an impervious sheet welded to the 
lower extremities of the side wall structure All ofthese 
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 cellin 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 lithium 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 temperature of 
650° C. before the start of the cell operation. 
A.50ampere direct currentatapproximatelyfourvolts 

was applied to the cell electrodes while a theoretical 
1-to-1 feed ratio of TiCl4 to cell current (i.e one gram 
mol of TiCl4 to 4 Faradays) was fed to the cell through 
aninlet 19 (Fig.4) foraboutsix hoursin orderto 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 

30 
and practically all ofthe currentwasused to convert the 
TiCl4 feed to a lower valent titanium chloride and chlo 
rine.Thisproceduregraduallyincreased thetitanium con 
centrationin the meltto approximately 2.0% by weight 
of the bathin about21 hours of operation Atthe end 
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of this build-up cycle the applied voltage required to 
maintain this condition was approximately 3.6 volts at 
50 amperes with anopencircuitback E.M.F. of2.5 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 meltwas lowered to 550° C. and the TiCl4 feed 
was cut down again to the 1-to-1 feed-to-current ratio 
theoreticallyrequired tomaintaina constanttitanium con 
centration in the cell while depositing titanium Sponge on 
the outside ofthe unitary cathode-diaphragmunit Thus, 
a 50ampereand50cc perhourTiCl4feed rate wasmain 
tained steadily forapproximately 62 hours until the de 
sired total offive liters of TiCl4 had beenfed to the cell. 
Readingstaken at the end of this Steady-state operation 
showed animpressed voltage of 4.2 volts at 50 amperes 
with an open circuitback E.M.F. of 2.9 volts The cell 
resistance at thistime was calculated to be 0.026 ohm. 

In orderthen to strip the cell bath ofits titanium con 
?tent the current was maintained at 50 amperes without 
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to harvest the product. 

feedingTiCl4 This strippingwas continued for17 hours 
untila back E.M.F. of 3.4 volts was obtained which cor 
responded to a final cell resistance of 0.027 ohm The 
meltwas then cooled to450°C before opening the cell 

Argon gas was immediately 
blown overthe hot depositto coolit quickly and to pre 
ventits oxidation Thereafter the entire cathode with 
its deposit?was immersed in ice water preparatory to 
1eaching out the entrained salt and further processing o 
the titanium deposit. ? " 
The final depositon the cathode structure was up to 

2inches thick with most of the coarse crystalline prod 
uctin the outer % inch of the deposit The innersec 
tions closer to the diaphragm were high in Solidified salt 
with some crystallinetitanium offinerparticle size The 
depositadheredfirmly to the impervious sections of the 
structure and appeared nottoadhere to the pervioussec 
tions Therewas an observable deposit of metalicti 
tanium within the interior of the wire mesh screen of 
the pervioussections however thus indicating that the 
titaniummetal hadcontributed to the efectiveness ofthe 
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*in the fused.salt bath within the interiorof said device, 
ibarriermeans for maintainingseparation of the portions 
*ofthecellatmosphereabove the bath on oppositesides of 
thesidewallsofsaidelectrolyzing device discharge means 
for discharging from the portion of the cellatmosphere 
above and in contact with the anode the chlorine gas 
evolved at the surface of the anode in contact with the 
bath and delivery means for Supplying titanium tetra 
Chloride to the other portion of the cellatmosphere? 
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