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The invention relates to the extraction of relatively pure 
thorium. This application is a continuation-in-part of 
our copending application Serial #356,421, ?led on May 
21, 1953, now abandoned. 
One object of the invention is to provide a thoroughly 

practical and commercial process for the extraction of 
this metal ‘which process can be operated at relatively low 
cost. 

Another object of the invention is to provide a process 
of the nature indicated utilizing a simple apparatus which 
is quite safe to operate. Another object of the invention 
is to provide a process of the nature indicated in which 
a single step only is required for transforming the metal 
carbide directly into this metal in such a way that there 
is no opportunity for contamination by oxygen or nitro 
gen or other undesirable impurities that are difficult to 
remove. Another object of the invention is to produce 
this metal in relatively large grain size by means of a 
simple process. Another object is to make malleable and 
ductile metal. 
We have discovered a process for producing relatively 

pure thorium the basis for which is the electrolytic depo 
sition of metal in an electrolytic cell having a consumable 
anode made of carbide of the metal. The electrolytic 
bath is composed of fused salt which is halide of metal 
selected from the group consisting of the alkali metals 
and alkaline earth metals including magnesium and mix 
tures of such halides. Also we prefer to provide a small 
amount of double halide of alkali metal and thorium. 
This accelerates the process and produces purer metal. 
It makes larger crystals. The ?uorides are the most prac 
tical of the halides which are double salts of alkali metal 
and thorium and potassium is the most practical of the 
alkali metals. Thus we prefer potassium thorium ?uo 
ride, KThF5 to ‘accelerate the process. The melting points 
of the chlorides of the alkali and alkaline earth metals 
are shown in the following table. 

Table] 
Melting point, 

degrees centigrade 
Chloride: 

Sodium chloride, NaCl __________________ __ 804 

Potassium chloride, KCl _________________ __ 776 
Lithium chloride, LiCl ___________________ __ 613 

Rubidium chloride, RbCl ________________ __ 715 
Cesium chloride, CsCl ___________________ __ 646 
Magnesium chloride, MgCl2 ______________ __ 712 
Calcium chloride, CaClz _________________ __ 772 
Strontium chloride, SrClz ________________ __ 873 
Barium chloride, BaCl2 __________________ __ 962 

While we have used a eutectic mixture of 40 mols of 
potassium chloride and 60 mols of lithium chloride, hav 
ing a melting point of about 350° C., we later found that 
the most satisfactory salt for the bath is common salt 
NaCl and of course this is the cheapest of all salts. In 
addition it is easily obtained in any anhydrous condition 
and its melting point is low enough in view of the fact 
that we have found that for the best results the tempera 
ture of the bath should be over 800° C. and we use an 
even higher temperature to avoid ‘freezing of the salt by 
unavoidable variations in temperature. A preferred tem 
perature, 900° C., is still low enough for an economical 
operation, all things considered. 
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For purity of product, thorium is obviously the ideal 

metal for the cathode. But as this is radio-active and 
has to be handled a lot, we prefer to use another metal. 
Chromium plated stainless steel is both inexpensive and 
very satisfactory and is our choice, but many other metals 
could be used such as the chemically highly inert zir 
conium with its usual small hafnium content and as this 
will last ahnost inde?nitely, the higher cost is not 
objectionable. 
One apparatus, and the best one now known to us, in 

which the process of this invention can be carried out is 
illustrated in the drawing. A refractory box 1 consisting 
of a sheet steel cylinder 2, to the bottom of which is 
welded a bottom plate 3 and having a top plate 4 se 
cured thereto by bolts 5, is ?lled with refractory brick. 
The box 1 is shown as supported by legs 8. Through 
a space 10 in the brick extend resistor bars 11 made of 
silicon carbide of a type now well known, these bars 
having so-called cold ends 12 as such bars practically al 
ways do. The cold ends 12 extend through alumina 
sleeves 15 that extend through the top plate 4- and the 
brick to receive the upper cold ends 12 and through the 
brick and the bottom plate 3 to receive the lower cold 
ends 12. The lower cold ends 12 are supported by re 
fractory blocks 16 which rest upon the lower horizontal 
portions of Z-shaped irons 17 the upper horizontal por 
tions of which are welded to the bottom plate 3. Elec 
trical connections ‘are made to the cold ends 12, but 
these are well ‘known and are not shown. By energizing 
the bars 511 the temperature in the cell 20 can be brought 
to the desired level. 
The cell 20 is made of steel. It has ‘a hollow ?ange 

'21 through which cooling water is pumped by means of 
connections 22 and 23. It is bolted by means of bolts 
24 to a head plate 25 having a hollow upward exten 
sion 26 through which Water is pumped by means of con 
nections 27 and 28. The head plate 25 is sealed to the 
?ange 21 by means of a ring 30 between these parts. 
The ring 30 is made of chlorinated butadiene. 
The extension 26 has a ?ange 35 which is bolted by 

means of bolts 36 to a ?ange 37 on the bottom of a pipe 
shaped valve body 40 transversed by a vacuum seal valve 
apparatus 41 which can be operated to seal off the space 
below it. This valve apparatus 41 is not shown in detail as 
it belongs in another art and any good one can be used. 

Extending upwardly from the valve body 40 is a water 
cooled pipe 50. This is provided to allow the top of the 
apparatus to become relatively cool. This pipe 50 has a 
bottom ?ange 51 and a top ?ange 52, and from the bottom 
of the former to the top of the latter the pipe 50 is two 
feet high. The ?ange 51 is bolted to an upper ?ange 53 
provided on the top of the valve body 40 by means of 
bolts 55. The ?ange 52 is bolted to a plate 57 by means 
of bolts 58. The plate 57 has a central hole 60 and above 
this central hole 60 is a rubber sealing tube 61 the lower 
part of which is reinforced with a steel sleeve 62. The 
rubber sealing tube 61 is held down onto the plate 57 by 
means of a laminated cloth and phenolic resin plate 65 
having a hole 66 therethrough, hold down bolts 67 extend 
ing between the plate 57 and the plate 65 being provided 
to hold these plates together. 
The water cooled pipe 50 is cooled by a water chamber 

70 welded thereto and connections 71 and 72 to circulate 
the water. A gasket 73 is provided between the ?anges 
57 and 53 and a sealing ring 74 is provided between the 
?anges 57 and 52, both of these being made of chlorinated 
butadiene. It is important to keep the system free of air, 
that is to exhaust the air before starting the electrolysis 
and to remove any contaminating atmosphere which may 
be generated during the electrolysis. To that end we 
pump through the system argon or other inert gas by way 
preferably of an upper pipe 80 exhausting the gas through 
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a lower pipe 81, the former for example extending into 
the top of the pipe 50 and the latter into the ?ange 25 and 
connected to a bore 82 extending to the inside of the 
extension 26. We ?nd it is preferable to have the argon 
entrance above the argon exit to drive salt vapor down 
wardly to keep it from plugging the upper part of the 
apparatus. The system should be ?ushed with argon be 
fore starting electrolysis desirably for about twenty-four 
hours. Argon is pumped all of the time during electrol 
ysis (but could be interrupted for short periods). In an 
apparatus of this size a ?ow of argon of two cubic feet 
per hour is satisfactory. 
The steel cell 20 (an ordinary low carbon steel was 

used) was 5% inches inside diameter. The extension 26, 
made of the same steel, had an inside diameter of 3% 
inches and so did the valve body 40 and the pipe 50. 
All of these parts were made of the same steel except the 
body 40 which was made of aluminum. Dimensions of 
the apparatus not mentioned can be calculated closely 
by sealing the drawing relative to a dimension given. The 
cell 20 was Nichrome plated on the outside, by ?ame 
spraying. 

Fitted into the cell 20 is a graphite crucible 90 and the 
drawing su?iciently shows its shape and position. Inside 
of the graphite crucible 90‘ is a long sleeve made up of a 
series of anode rings 100 of metal carbide bonded with 
pitch in the manner to be particularly described. 
A long rod shaped cathode 101 extends in an axial 

position relative to the cell 20 the crucible 90 and the 
sleeve 100, vertically from close to the bottom of the anode 
100 through the extension 26, through the valve body 40, 
through the valve mechanism 41 when the valve thereof 
is open, through the pipe 50, through the hole 60, through 
the rubber sealing tube 61 and through the hole 66, pro 
jecting a slight distance above the plate 65. There it is 
connected by a clamp to the negative side of a source of 
direct current electrical energy as indicated by the negative 
sign (-—) above its top. The cell 20 and therefore also, 
through the crucible 90, the anode 100v is connected by 
electrical connections to the other side of the circuit 
which is therefore a source of positive electricity as indi 
cated by a positive sign (+) close to the bottom of the 
bolt 24 that is shown; a convenient place to make the 
connection. But any way of connecting the anode 100 to 
the positive side of the source is satisfactory. 
The cathode is withdrawn from time to time to collect 

metal deposited thereon. To do this it is ?rst drawn 
upwardly through the sealing tube 61 until its bottom has 
cleared the valve mechanism 41. Then the valve is closed. 
After an interval of time usually about an hour to‘ allow 
the cathode 101 where the metal has collected thereon and 
said metal to cool down enough to avoid reaction with the 
air, the plate 65 is unbolted and lifted up and off the 
cathode 101, and then the cathode 101 with the deposit 
of metal is entirely removed from the system, and the 
metal is scraped off and collected for further processing 
which need not be described herein. Brie?y such process 
ing involves dissolving off the salt clinging to the metal, 
pressing the sponge metal so clean of salt, melting it in a 
vacuum and casting ingots, or, instead of melting and 
casting the metal, it can be pressed and sintered to form 
articles. 

While the bottom of the cathode 101 and the metal 
thereon is cooling in the valve body 40 and pipe 50, argon 
or other inert gas is pumped from the pipe 80 to an ex 
haust pipe 105 having a valve 106 so that it can be opened 
at this time and closed when the cathode 101 is down and 
the process is operating. 

Twenty pounds of thorium carbide, ThC2, are pulver 
ized by ball milling dry in a steel ball mill so that the 
material will pass through a 100 mesh screen (Tyler se 
ries). The pulverized ThCz is acid washed by placing it 
in a 40 gallon stoneware crock. Ten liters of a solution 
of 5% by volume of commercial concentrated H2804 
and 95% by volume of distilled water is placed in the 
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crock with the T1102. A copper steam coil and an agita~ 
tor with a rubber propellor are placed in the mixture and 
steam at about 10 pounds pressure is turned on and passed 
through the coil to heat the mixture. After the reaction 
has subsided or in about 10 hours the coil is removed and 
the ThCz is allowed to settle. The supernatant liquor is 
eliminated after 24 hours by siphoning and distilled water 
is added. The mixture is rinsed in this manner 6 times. 
The ?nal rinse water is siphoned off and the sludge is dried 
in an enameled basin in an air circulating oven at 200° F. 
A mixture consisting of 5% by weight hard pitch and 

95% by weight ThCg powder is made by blending 272 
grams of pulverized hard pitch (—200 mesh, MP. 285 
to 315° F.) with 5160 grams of acid treated and dried 
ThC2 powder in a sealed ?ber carton and rolling on a 
roller mill for two hours. Six rings, 4%6” OD. x 3%" 
ID. x 2" high are pressed from the mixture by conven 
tional cold pressing techniques in a steel mold at 3 tons 
per square inch. Each ring Weighs approximately 900 
grams and the density is approximately 5.3 g./cc. 
The six rings are stacked in the graphite crucible 90 

and placed in the cell 20. The cell is placed in the furnace. 
Argon gas is fed in the gas inlet. The pitch volatiles are 
baked out and are carried out the gas outlet by argon gas 
and trapped in a steel condenser. The temperature is 
raised in 200° C. increments to 1000° C. in 5 hours and 
the rings are baked at 100° C. for ?ve hours. After cool— 
ing, the head 26 is removed and pitch volatile greasy 
condensate is scraped from the cool surfaces inside the cell, 
which are then cleaned with solvent such as acetone. 
The pitch loses 52% by weight due to baking out the 

volatiles and leaves 48% carbon as the bond. The weight 
of the six rings after baking is approximately 5300 grams. 
The height of the lining is 12 inches. The density of the 
carbon bonded ThCz is approximately 5.2 g./cc. The 
volume of the pores is approximately 34%. The capacity 
of the lined crucible is 2.2 liters. Approximately 4600 
grams of thorium are available for electrolytic extraction. 
The cavity of the crucible is ?lled with 3860 grams of 

electrolyte. The electrolyte is made up of 3677 grams 
of C.P. sodium chloride and 183 grams of vacuum dried 
ThCz. This quantity of electrolyte will give a molten salt 
bath depth of about 12 inches at operating temperature, 
with a soluble thorium concentration of 3 % . 
The temperature is turned to 150° C. without water 

?owing through the cooling chambers. The vacuum 
pump and a dry ice trap are connected and the system 
is evacuated. The electrolyte and interior surfaces of the 
system are vacuum dried until ice formation on the dry 
ice trap ceases. Puri?ed dried argon gas is allowed to ?ll 
the system. Evacuation and ?ushing with argon is done 
three times. The leak rate is measured as the mass of 
the air that leaks into the apparatus per minute, and is 
mathematically proportional to the micron pressure change 
per minute multiplied by the volume of the apparatus in 
liters, and thus expressed as “micron-liters per minute.” 
When the leak rate is below 200 micron liters per minute, 
the cell is tight enough for the electrolysis. 
The cooling water is turned on, the bars 11 are energized 

and the temperature is raised to 900° C. A chromium 
plated stainless steel cathode is lowered into the elec 
trolyte, while impressing a small voltage upon it, until 
the lower end of the cathode is two inches above the bot 
tom of the crucible. The DC. recti?er is turned to 200 
amperes, a voltage in the range of from about 5 to 10 
volts being required. After one hour, the direct current 
is shut off and the cathode and deposit are withdrawn into 
cooling chamber 40. Valve 41 is closed, the cathode with 
adhering deposit is allowed to cool and then is removed 
from the chamber 40. 
The deposit with entrapped salt is chipped from the 

cathode and crushed and leached with distilled water 
until all traces of electrolyte are gone. The metal powder 
is compacted by pressing in a steel mold and melted into 
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a thorium metal ingot in an atmosphere of pure argon 
in a water-cooled arc furnace. 
The best mode of the invention known to us is the 

example given. The apparatus described is the best now 
known to us and the principal way to improve it is to 
make it bigger. 

It will thus be seen that there has been provided by this 
invention a process for the extraction of relatively pure 
thorium in which the various objects hereinabove set forth 
together with many thoroughly practical advantages are 
successfully achieved. As many possible embodiments 
may be made of the above invention and as many changes 
might be made in the embodiments above set forth, it 
is to be understood that all matter hereinbefore set forth 
or shown in the accompanying drawing is to be inter 
preted as illustrative and not in a limiting sense. 
We claim: 
1. Process for the preparation of thorium which com 

prises passing a direct electric current through a cell 
having a solid anode and a solid cathode in a direct cur 
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the positive side of the electric circuit and collecting the 
thorium metal electrolytically liberated at the cell cath 
ode. 

2. Process according to claim 1 in which the anode is 
made of said carbide. 

3. Process according to claim 2 in which the major 
portion of the fused halide is chloride. 

4. Process according to claim 3 in which the major 
portion of the fused chloride is alkali metal chloride. 

5. Process according to claim l1 in which the major 
portion of the ‘fused halide is chloride. 

6. Process according to claim 5 in which the major 
portion of the fused chloride is alkali metal chloride. 

7. Process according to claim 1 in which the major 
portion of the fused halide is alkali metal halide. 

8. Process according to claim 7 in which the anode is 
made of said carbide. 
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