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The Development of a Bench Scale Metal distillation Furnace (Retort) 

M. A. Vest, J. L. Smith, and R. Dean Pierce 

Processes for the recovery of actinides from spent reactor fuel being studied at Argonne 
National Laboratory required the design of a high-temperature vacuum furnace. the furnace has 
to be able to melt actinides, distill volatile metals (Zn and Mg), be operable in a nitrogen glovebox 
with low head room, and heat reasonably fast while being capable of holding temperature. A 
drawing of the glovebox shell, opened bell jar, and interior components is shown in Fig. 1 

Induction heating was chosen over resistance heating because of equipment durability, 
long-term reliability, and compatibility with metal vapors. The power supply was sized and 
matched to the circuit using standard induction calculations’ and 10 kHz impedance 
measurements on a mock coil susceptor system. The two methods are compared in Table 1. 
The efficiency shown in Table 1 includes power losses to the transmission lines, the bell jar, the 
coil support, the isolation transformer, and from inefficient coupling. The inductive component of 
the impedance was useful for matching the supply to the circuit. The resistive components were 
used to predict heat loss and efficiency. A sweep frequency power supply nominal 10 kHz/l5 kW 
was chosen. 

A tight vacuum seal is necessary because nitrogen will react with the actinides. Viton 
O-rings, epoxy pipe dope (Torr Seal by Varian, lnc.), and Viton Conax connections are used. 
Water cooled platecoil and machined channels are used to prevent a hot bell jar from damaging 
the glovebox. 

Low glovebox head room necessitated a lifting system consisting of twin jacking screws. 
Each is threaded through a lifting block; as the screws turn, the blocks move up or down carrying 
the bell jar. 

There is a thermocouple located on top of the condenser and one located below the 
stillpot. These thermocouples signal distillation by a sudden rise in the condenser temperature 
and a change in slope of the stillpot temperature. A third thermocouple is at the induction coil. 

Heat is generated by an induction coil coupled to a graphite secondary melt container 
(susceptor). The coil is cooled by radiation to the bell jar wall. The charge is contained in a 
1.0 L Be0 or MgO primary crucible to allow release of actinide ingots and avoid carbide 
formation. The stillpot lid contains a vertical tube for the escape of the metal vapors into the 
condensing region where a ring shaped ingot is collected in an annulus. Zn and Mg are 
removable from the graphite collector. 

The system was assembled in the glovebox and the furnace tested by melting 2.7 kg of 
uranium in beryllia. The distillation (retort) function was tested with Zn and Mg. Successful 
distillations were obtained after problems such as violent boiling (bumping), blockage of the riser 
tube, and reboiling at the collector were overcome. 
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Fig. 1. Metal Distillation Furnace (Retort) 



Table 1. Comparison of Calculated and Measured Electrical Parameters 
of Working furnaces 

Calculated 

Resistance (ma) 93.0 

Reactance (mn) 726 

Voltage (V) 161 .O 

Current (A) 220 

Efficiency (%) 67 
c 

Measure 

82.5 

61 0.4 

143.8 

233.5 

54 

The voltage and current are predicted for 4.5 kW output. The actual output was 4.5 kW 
and the voltage and current were 149.5 V and 247.5 A. 
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