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Approximately 2700 metric tons of spent nuclear fuel, representing over 40 years of 
reactor research and development, has accumulated within the DOE complex. This fuel 
reflects the varied purposes of DOE reactors and covers a wide range of composition, 
enrichment, cladding, and chemical reactivity. The varied nature of these fuels 
complicates their long term disposal. To attempt to individually qualify each type for 
disposal in a repository would be prohibitively expensive. The electrometallurgical 
treatment technique, developed by Argonne National Laboratory, is designed to 
homogenize the wide variety of spent fuel types into a single set of acceptable disposal 
forms. 

The central part of Argonne’s electrometallurgical treatment technique is the process 
known as electrorefining. Electrorefining is used to separate the components of the 
spent fuel into three product streams. Pure uranium is collected separately and will be 
held in interim storage until its ultimate disposition is decided. The other two product 
streams lead to stable high-level waste forms, one metal and the other mineral. The 
metal waste form contains the cladding material, either stainless steel or zirconium, and 
the noble metal fission products such as molybdenum and ruthenium. The mineral 
waste form contains the more chemically active fission products such as cesium, 
strontium, and barium. Both of these waste forms are being designed for ultimate 
repository disposal. The transuranic elements will be incorporated in one of these 
waste streams, depending on the results of current research. 

There are six main categories of fuel composition: metal, carbide, hydride, cermet, 
uranium-aluminum alloy, and oxide fuels. Metal fuels require no pretreatment other than 
mechanical disassembly prior to undergoing electrorefining. Oxide fuels must first be 
sent through a reduction step to convert the oxide compounds of the actinides to the 
metallic state. Carbide, hydride, and cermet fuels must first be treated to convert the 
fuel materials to oxides, which are in turn reduced to the metallic state. By making 
provisions for pretreatment of different types of fuel, Argonne‘s electrometallurgical 
process is applicable to over 90% of the DOE fuel currently held in storage. 

To accomplish the reduction of oxide fuel materials, engineers and scientists at 
Argonne National Laboratory have developed a process that uses metallic lithium to 
accomplish the reduction. The lithium reduction of oxide fuel has been demonstrated 
here at the Chemical Technology Division of Argonne, using engineering-scale 
equipment specifically constructed for that purpose. This tape presents a brief 
description of the process, the equipment, and its operation. 
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Argonne's lithium process can be divided into two steps. The first step is the reduction 
of the metal oxide components of the fuel. Here lithium reacts with the metal oxide 
components of the fuel, designated generically as MO,. Thus M can represent uranium, 
plutonium, and other transuranics as well as certain fission products. The oxides are 
reduced to the metal by the lithium forming lithium oxide. The process is carried out in 
molten lithium chloride at a temperature of 650 degrees C. 

In the second step, the lithium oxide produced in the reduction step is electrolytically 
decomposed to recover the lithium metal; this process is known as electrowinning. 
Electrowinning allows the same charge of salt and lithium to be reused in subsequent 
reductions. The reduction-electrowinning sequence can be repeated as often as 
desired. 

In 1991 researchers in the Chemical Technology Division began planning an 
engineering-scale experiment to demonstrate the lithium reduction process using 
batches of up to 20 kg of simulated spent fuel. Construction of the process equipment 
and the glovebox enclosures started in 1993 and was completed early in 1995. The 
facility is qualified to handle limited quantities of plutonium and other transuranics. 

As the process equipment is completely contained in inert atmosphere gloveboxes, the 
major components are not easily visible; so they are shown here in cut-away view. 

The first major component is the reduction vessel. It is designed to support and insulate 
the stainless steel crucible holding the molten salt and lithium at the process 
temperature of 650OC. The entire vessel, along with heaters and surrounding cooling 
jacket, is approximately 1.2 meter tall and 1 meter in diameter. 

A variable speed mixer is used to provide agitation to the salt-lithium mixture during the 
fuel reduction. 

A fuel basket assembly is used to hold the fuel during the reduction step. It consists of 
a series of trays. mounted one on top of the other along a central rod. The trays are 
formed from mesh screens to allow the salt and lithium ready access to the fuel. The 
basket assembly is designed for easy removal from the vessel after the reduction step 
is complete. 

The second major component is the electrochemical vessel. An internal stainless steel 
crucible holds the molten salt during the electrowinning stage, when the lithium oxide is 
electrolytically decomposed to recover the lithium metal. 
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The anode assembly, located in the center of the vessel, is made of a platinum-rhodium 
alloy and is surrounded by an alumina shroud. This design allows oxygen evolved at the 
anode surface to be removed from the vessel. The inner wall of the stainless steel 
crucible serves as the cathode. The anode can be positioned at various heights 
depending on the process requirements. 

The third major component is the casting station, designed to allow recovery of the salt 
by casting it into ingots. The casting station holds a stainless steel mold designed to 
cast up to 22 liters of salt into 11 ingots. The mold rests on a chill block supported on 
copper rods. These rods conduct heat away from the mold to the water cooling jacket 
on the outside of the vessel. 

Molten salt and lithium are transferred between the process vessels through two 
transfer lines. These are stainless steel tubes capable of being heated to 800 'C. The 
transfer lines can also be moved up and down to allow control of the melt level and the 
amount of salt transferred. 

The lithium reduction process begins with melting the lithium chloride in the reduction 
vessel. For a 10 kg charge of spent fuel approximately 73 kg of salt is used. The 
temperature of the melt is checked, and preparations are made to load the fuel basket 
assembly. 

The individual fuel baskets are loaded, weighed, and then mounted onto the central rod. 

Once assembly is complete the basket is moved using an overhead crane to the 
reduction vessel and lowered into the molten salt. 

The basket is lowered until it rests on the bottom of the reduction vessel and is 
completely immersed in the salt. Preparations are made for adding the metallic lithium 
to the reduction vessel. 

The initial charge of lithium is added in strips through a feed port in the top of the 
reduction vessel. To reduce the metal oxides in 10 kg of spent fuel, a total of 1.3 kg of 
lithium is added. 

At this point the mixer is energized and the reduction step begins. The duration of the 
reduction step varies depending on the physical characteristics of the spent fuel and is 
determined prior to starting the reduction. Once the required time has elapsed, the fuel 
basket is raised to allow salt adhering to the baskets to drain back into the melt. 

After draining, the fuel basket is removed from the reduction vessel using the overhead 
crane and allowed to cool. The entire fuel basket assembly is now ready to be sent to 
the electrorefiner for further processing. 
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After the fuel basket assembly is removed from the reduction vessel, the melt is 
sampled for later chemical analysis. Preparations are now made to transfer the melt to 
the electrochemical vessel for the second step of the process. The preparations involve 
positioning the transfer line to ensure a complete transfer of fluid, and lining up the 
vacuum system to draw a slight vacuum on the electrochemical vessel. 

Transfer begins when a sufficient vacuum is present in the electrochemical vessel to 
draw the melt through the transfer line. A vacuum of three inches of mercury in the 
electrochemical vessel is sufficient. The transfer continues until the melt level in the 
reduction vessel drops below the inlet of the transfer line tube. Pressure is automatically 
equalized between the two vessels through the now empty transfer line. 

The second phase of the process, the electrowinning step, now begins. The anode is 
lowered into the melt, and a constant three volt potential is applied between the anode 
and the stainless steel wall of the crucible. 

During the electrowinning step oxygen is evolved at the anode, and lithium metal forms 
at the cathode. The current applied to the melt is continuously monitored, and the 
electrowinning is continued until the current has decayed sufficiently to indicate that the 
process is complete. The power supply to the anode is turned off, and the anode is 
raised from the melt. 

The melt can now be immediately reused to reduce another load of fuel by transferring it 
back to the reduction vessel. This cycle of reduction and electrowinning can be 
continued as often as desired. 

Because this experiment was designed as a batch process, it is necessary to recover 
the salt-lithium effluent, for storage and reuse between runs. This is accomplished by 
casting it into ingots. The transfer line connecting the electrochemical vessel with the 
casting station is positioned. To avoid overfilling the molds, only about a third of the 
melt will be transferred into the casting station at a time. The transfer is initiated in the 
same manner as before: a vacuum is drawn in the casting station and the transfer 
beg ins. 

Transfer stops when the bottom of the transfer line is clear of the salt level. Although 
the time required to complete a transfer is only a few minutes, the salt in the molds must 
cool before the ingots can be removed. This may take about 10 hours. For the final 
transfer, the transfer line is lowered to the bottom of the crucible. 

After the mold cools to a point where it can be handled, the casting station is opened. 

This is the top of the mold as seen while still in the casting station with the salt ingots 
visible. 

4 



Script for Argonne Lithium Process Video 

The mold is lifted out of the casting station using the overhead crane. 

The mold is placed on a device called an upender, which allows the 500 Ib mold to be 
inverted just by turning a handcrank. Once the mold is inverted, the ingots fall out of the 
mold into a tray. 

The finished ingots seen here each weigh approximately 2 kg. 

The ingots can be crushed for reuse using the device shown here in operation. A series 
of metal teeth reduces the ingot into a pea-sized product, which is then collected and 
stored. 

Argonne's electrometallurgical technique offers a number of advantages for treatment of 
spent DOE fuels. The technique produces the same set of waste forms regardless of 
the type of fuel being treated. This avoids the requirement to qualify a large number of 
fuel types for repository disposal. The technique removes fissile materials from the 
waste product, dispelling concerns about the likelihood of an in situ criticality event. The 
resulting waste volume is also smaller, as only fission products and transuranic 
elements must be disposed of in a repository. Also, this electrometallurgical technique 
is applicable to over 90% of the spent fuel in the DOE inventory. All these factors 
combine to make the electrometallurgical treatment of DOE fuels a versatile and cost- 
effective option. 
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