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DISCLAIMER 
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process disclosed, or represents that its use would not infringe privately owned rights. Refer- 
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mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the 
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CONTRACTUAL ORIGIN OF TEE INVENTION 

The United States Government has rights in this 

invention pursuant to Contract No. W-31-109-ENG-38 between 

the U . S .  Department of Energy and The University of Chicago 

representing Argonne National Laboratory. 

Background Of The  Invention 

This invention relates to a process and apparatus for 
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electrochemically refining spent nuclear fuel from a nuclear 

reactor and recovering purified uranium and a mixture of 

uranium and plutonium for use as fresh blanket and core fuel 

in a nuclear reactor. The invention relates to a 

electrorefiner of the type wherein spent blanket and core 

fuel is refined in a single electrorefining cell by 

transferring uranium and plutonium from the spent fuel 

optionally to a molten cadmium pool or directly to an 

electrolyte and thereafter electrolytically depositing 

purified uranium on a solid cathode and subsequentially 

electrolytically depositing a mixture of uranium and 

plutonium on a second liquid metal cathode, preferably 

cadmium. More particularly, this invention relates to a 

device and apparatus which is capable of functioning both as 
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a solid cathode and a liquid cathode in an electrolytic cell 

of the type hereinbefore described. 

Electrorefining processes have been generally used to 

recover high purity metal or metals from impure feed 

materials and more particularly to recover materials such as 

uranium and plutonium from spent nuclear fuel. Electro- 

refining of spent nuclear fuel is carried out in a 

electrolysis cell of the kind disclosed in U . S .  patent no. 

2,951,793, 4,596,647, 4,880,506, 4,855,030 and 5,009,752, 

the disclosures of each of these patents being incorporated 

herein by reference and are generally indicative of the 

prior art in this field, with the '030 patent being 

particularly relevant since the present invention is an 

improvement of the device disclosed therein. 

In such cells as disclosed in the above-mentioned 

patents, the spent nuclear fuel forms the anode or is 

dissolved in an anode pool. An electrolytic cell is used, 

and the purified metal is transferred electrochemically and 

collected on the cathode. In other designs, an anode pool 

is located at the bottom of the cell, and the cathode may be 

located above the anode in the electrolyte pool. It has 

been shown in the prior art that relatively pure uranium can 

be electrolytically deposited on a solid cathode and 

thereafter mixtures of uranium and plutonium can be 

deposited on a molten metal cathode such as cadmium, see the 

above-identified U . S .  patent no. 4,880,506. In all of the 
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art cited above, and in the electrorefining process as it 

now exists, the cathode design is such that different 

mechanism are required for the liquid cathode and for the 

solid cathode, it being understood that the solid cathode is 

used to separate and collect substantially pure uranium 

while the liquid cathode is used to separate and collect 

mixtures of plutonium and uranium. There is an advantage to 

providing the same mechanism for an electrolytic cell which 

can be used either to collect substantially pure uranium 

deposited on a solid cathode or to collect both uranium and 

plutonium values on the surface of a liquid cathode. 

Moreover, when plutonium and uranium are collected on 

the surface of a liquid cathode, there is the additional 

problem of the dendrites which are formed on the surface 

thereby necessitating mechanisms for mixing dendrites into 

the pool of liquid cadmium which serves as the liquid metal 

cathode. To this end, reference is made to U . S .  patent no. 

4,855,030 cited above which is specifically directed to the 

problem of removing dendrites from the surface of the liquid 

cadmium. 

Summary o f a t h e  Invention 

Accordingly, it is an object of the present invention 

to improve the collection efficiency of mixed uranium and 

plutonium values from spent nuclear fuel in an 

electrorefiner. 
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It is another object of the invention to provide an 

apparatus which may be used either as a solid cathode to 

collect substantially pure uranium values or as a liquid 

cathode to collect mixed values of uranium and plutonium 

Another object of the invention is to provide mechanism 

for removing dendrites of mixed uranium and plutonium values 

from the surface of a liquid cathode. 

The invention consists of certain novel features and a 

combination of parts hereinafter fully described, 

illustrated in the accompanying drawings, and particularly 

pointed out in the appended claims, it being understood that 

various changes in the details may be made without departing 

from the spirit, or sacrificing any of the advantages of the 

present invention. 

Brief Description of the Drawings 

For the purpose of facilitating an understanding of the 

invention, there is illustrated in the accompanying drawings 

a preferred embodiment thereof, from an inspection of which, 

when considered in connection with the following 

description, the invention, its construction and operation, 

and many of its advantages should be readily understood and 

appreciated. 

FIGURE 1 is a schematic representation of a power 

Supply arrangement for an electrolytic cell of the type 

herein disclosed; 
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FIG. 2 is a view of a cathode of the type useful in the 

electrolytic cell illustrated in Fig. 1 having a liquid 

metal therein, wherein the associated piston is in the up 

position ; 

FIG. 3 is a cathode of the type useful in the 

electrolytic cell illustrated in Fig. 2 wherein the piston 

is in the down position; 

FIG. 4 is a schematic view of a cathode of the type 

useful in the electrolytic cell illustrated in Fig. 1 

wherein the piston is in the up position for a solid 

cathode; and 

FIG. 5 is a view of the cathode illustrated in Fig. 4 

wherein the piston is in the down position. 

Description of the Preferred Embodiments 

Referring now to the drawings, there is disclosed in 

Figure 1, an electrolytic cell 10 of the type hereinbefore 

referred to for the electrorefining spent nuclear fuel. 

More particularly, the cell 10 includes a container 11 which 

houses a molten salt electrolyte 15. The molten salt 

electrolyte 15 may include various halides of the alkali and 

alkaline earth metals, it baing understood that the 

preferred salt is the eutectic of lithium and potassium 

chloride which also may contain the chlorides of uranium and 

plutonium during operation of the. cell or refiner 10. The 

exact make-up of the electrolyte 15 is well known and is to 

some extent dependent upon the use for which the cell is 
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operating. In addition, as is understood, the plutonium to 

uranium ratio in the cell 10 varies depending on what part 

of the cycle measurements are taken. 

An anode 20 is located within the cell or refiner 10 

and is specifically immersed within the electrolyte 15, as 

is well known in the art. The anode 20 design is 

specifically adapted to enhance the flow of electrolyte 15 

through and around the anode container 22 which may be in 

the form of apertured baskets mounted on a central support 

21, all as well recognized and understood in the art. The 

anode 20 may be designed in a variety of configurations, 

none of which is critical to the present invention 

configured and arranged to provide maximum contact of the 

electrolyte with the spent nuclear fuel chopped into 

segments and maintained in the anode baskets 22 as is 

understood. 

A plurality of cathodes are provided in the cell or 

electrorefiner 10, there generally being two different types 

of cathodes, one solid for the collection of substantially 

pure uranium values and the other being liquid for the 

collection of mixed uranium and plutonium values, all as 

well understood in the art. % 

Referring now to Fig. 2, there is disclosed a liquid 

cathode 30 which includes a container 31 preferably in the 

form of a cylindrical crucible of ceramic or other non- 

electrically conducting material having an inner surface 32 
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in the form of a cylinder. 

a liquid metal preferably cadmium having a liquid surface 

34. 

electrolyte 15 as illustrated and as provided with an 

axially and vertically extending metal support 36. 

drive tube 37 is provided for vertical and rotational 

movement of the attached ceramic piston 40. 

piston 40 has an outer cylindrical surface 41 and a bottom 

circular surface 42 having at the center a downwardly 

extending collar 45 having a distal end surface 46 forming 

an annulus about the metal current lead member 35. 

The piston 40 as illustrated in Figs. 2 and 3 is movable 

from an upward position illustrated in Fig. 2 to a downward 

position illustrated in Fig. 3. In the upward position of 

Fig. 2, it is important to note that the piston 40 protects 

the current lead 35 from contact with the electrolyte 15 by 

extending above the surface of the electrolyte 15 on the one 

hand and having the collar portion 45 and distal end 46 

thereof extending below the surface of the liquid metal or 

cadmium layer 34 on the other hand. By virtue of the fact 

that the piston 4 0  extends above and below the electrolyte 

15 level, and more particularly into the molten cadmium 

layer 33 electrolyte 15 is effectively prevented from 

continuously contacting the metal current lead 3 5 .  The 

purpose of this construction is to prevent the deposition of 

uranium on the current lead 35 while the liquid cathode or 

Housed within the cathode 30 is 

The liquid cathode 3 0  is submerged within the cell 

A metal 

The ceramic 
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cadmium 33 is acting to separate mixed plutonium and uranium 

which have been transferred from the anode 20 to the 

electrolyte 15, all as is well known in the art. It is 

further understood that the piston 40, like the crucible 31, 

has to be a non-electrical conducting material, such as a 

ceramic like Al2O3, B e 0  or other suitable material- 

Referring to Figs. 4 and 5, there is shown the cathode 

30A constructed and arranged to function as a solid cathode 

for the deposition of uranium values thereon. 

30A is the same mechanically a5 the cathode 30 but does not 

have the liquid metal 33, such as cadmium therein, using the 

metal tube or rod current lead 35 as the cathode. In the 

present situation, electrolyte 15 is able to flow into the 

container 31 to take the place of the liquid metal 33 and 

thereby contact the metal tube or rod 35 depositing 

substantially pure uranium values on the tube or rod 35. 

The collar 45 acts as a scraper assembly during the vertical 

movement of the piston 40 between its up position 

illustrated in Fig. 4 and the down position illustrated in 

Fig. 5. Uranium which deposit on the metal rod or tube 35 

is scraped by contact with the collar 45 of the piston 40 

and falls to the bottom of the crucible or container 31 and 

is thereafter collected. 

The cathode 

The piston 40 is provided with a series of removed 

portions 50 which may have an inner surface 51 spaced from 

the rod or tube 35 and a periphery 52 which may or may not 
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intersect the outer surface 41 of the piston 40. A removed 

portion 60 may lie entirely within the piston 40 as 

illustrated in Fig. 1, it being appreciated that the removed 

portion provides for greater contact between the electrolyte 

and the surface of the liquid metal 33 when the construction 

is used as a liquid metal cathode. It has been found that 

configuring the piston 40 with two or more removed portions 

50, 60 is preferable to the construction illustrated in the 

'030 patent. Moreover, the pie-shaped removed portion of 

the '030 patent extending to the central support is 

inoperable in the present invention, since such a 

construction would expose the solid cathode 35 to the 

electrolyte when liquid metal 33 is present. Pie-shaped 

removed portions 50 are acceptable if the apex does not 

extend to the rod or tube 35, leaving non-conducting 

material to prevent the electrolyte 15 from contacting the 

solid cathode 35 when liquid metal 33 is present. The 

piston 40 must have sufficient weight to create a force 

great enough to push the dendrites of mixed plutonium and 

uranium below the surface 34 of the liquid metal 33, but the 

piston 40 does not actually have to contact the surface 34 

of the liquid metal 33. 

while the up and down movement of the piston 40 is 

important to cause the dendrites of mixed uranium plutonium 

which occur on the surface of the cadmium 33 to be pushed 

down below the surface 34 of the molten cadmium layer to mix 
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the dendrites into the cadmium as is described in the '030 

patent it is also important to rotate the piston 40 so that 

electrolyte 15 can come in contact with all portions of the 

cadmium surface 34 and so all portions of the cadmium 

surface is exposed to a downward force when the construction 

30 is used as a liquid cathode. 

By using the piston 40 with the collar 45, and the new 

removed portions 50, 60, the present invention allows the 

same construction to be used as a liquid cathode 30 or a 

solid cathode 30A, the piston 40 being useful both as 

mechanism for mixing the dendrites into the liquid metal 33 

and as a scraper for uranium deposited on the solid cathode 

35. 

While there has been disclosed what is considered to be 

the preferred embodiment of the present invention, it is 

understood that various changes in the details may be made 

without departing from the spirit, or sacrificing any of the 

advantages of the present invention. 
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Abstract of the Invention 

An apparatus capable of functioning as a solid cathode 

and for removing crystalline structure from the upper 

surface of a liquid cathode, includes a metallic support 

vertically disposed with respect to an electrically 

insulating container capable of holding a liquid metal 

cathode. A piston of electrically insulating material 

mounted on the drive tube, surrounding the current lead, for 

vertical and rotational movement with respect thereto 

including a downwardly extending collar portion surrounding 

the metallic current lead. At least one portion of the 

piston remote from the metallic current lead being removed. 

Mechanism for lowering the piston to the surface of the 

liquid cathode and raising the piston from the surface along 

with mechanism for rotating the piston around its 

longitudinal axis. 
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