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THE RECOVERY OF PLUTONIUM METAL FROM TANTALUM CRUCIBLES BY HYDRIDING 

Robert P. DeGrazio and James W. Berry 

Abstract. A procedure is described for the recovery 
of plutonium metal, in the form of melts, from 
tantalum crucibles by hydriding. 

INTRODUCTION 

Vacuum deposition (coating) experiments utilizing 
a hot hollow cathode electron beam were performed 
at Rocky Flats during the past several years. 

In these experiments, tantalum crucibles were used 
as receptacles that contained alpha-plutonium as 
melts. The melts were the source of plutonium 
for the coating experiments. The crucibles were 
designed to contain 1.5 kg plutonium metal. 1 

During coating runs, plutonium was depleted in 
varying amounts from the crucibles. The quantity 
of plutonium used depended on the length of 
the run. Because of operational problems, new 
crucibles were used for each run, and plutonium 
remaining in the spent crucibles had to be recovered 
prior to the crucibles being discarded as contami, 
nated waste. It was experimentally determined 
that if the crucible containing the melt was 
exposed to a hydrogen atmosphere, the melt was 
released and dropped free from the crucible.2 

The crucibles were submitted to the Hydriding 
Laboratory for plutonium recovery. The quantity 
of plutonium remaining in the crucibles, when 
received for recovery, ranged between 0.5 kg to 
1.5 kg, depending on run con.ditions. 

Prior to utilizing hydriding for plutonium recovery, 
the melts were dissolved from the crucibles usine 
an acid solution; however, acid dissolution proved 
a slow and ineffective procedure for complete 
removal of the plutonium. It was demonstrated 
that removal of plutonium by hydriding had the 
following advantages: (1) solutions were not 
produced that require additional processing for 
plutonium recovery' (2) complete recovery of 

plutonium from the crucible was obtained 
(consequently, additional aqueous processing, in 
most cases, was not necessary), and (3) release of 
the melt from the crucible was relatively rapid. 

EXPERIMENT AL 

Hydriding Prototype System 

The hydriding system shown in Figure 1 was used 
for recovering melts from the crucibles. The proto
type system consisted of five major sections (see 
Figure 1): (1) an argon-inerted glove box, (2) 
hydriding and oxidizing reactors, (3) hydrogen
burning apparatus, (4) master control console, and 
(5) a master instrument panel. A detailed.descrip
tion of these sections are described in another 
report. 3 

Melt Recovery Procedure 

Tantalum crucibles containing the melts were 
placed in the hydriding reactor in an inverted 
position. This allowed the melts and plutonium 
hydride to fall free from the crucibles. The 
crucibles were usually processed one or two at a 
time to prevent exceeding a Nuclear Safety limit of 
3 kg of plutonium. The reactor was purged with 
argon to remove residual air contamination and 
was then evacuated to "'l torr. The reactor was 
backfilled with hydrogen to -500 torr. The 
crucible(s) was allowed to remain in the hydrogen 
atmosphere until the melt was released. 

After release of the melt from the crucible, excess 
hydrogen was pumped fr.om the reactor and was 
burned in the hydrogen-burning apparatus. The 
crucible was removed from the reactor, and the 
melt was converted to the hydride. The hydride 
was then air oxidized to plutonium oxide (Pu02 ) 

for additional processing. Conversion of the. 
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FTGURE 1. Hy<lrirline Prototype System Showin~ Major Sections, 

hydride to the oxide was carried out to produce a 
plutonium compound that was compatible with 
the metal preparation systems at Rocky Flats. 
Oxidation procedures are described in a separate 
report. 3 

DISCUSSION 

Crucibles, used in the coating experiments, were 
machined from tantalum rod stock and weighed 
-I .4 kg (without the melt). During coating 
operations, the upper edges of the crucibles were 
damaged; consequently, they could not be reused 
for additional experiments. The unused portion of 
plutonium in the crucibles was then recovered by 
hydriding techniques. 

2 

Melt Release Mechanism 

The mechanism by which the melts were released 
has not been verified, but It ls pustulalell lu ucw1 
in the following manner: 

Tantalum (Ta) has the property to absorb 
relatively large volumes of hydrogen that will 
increase the tantalum's specific volume by 
10%.4 Hydrogen absorption is greater al 
lower temperature than at higher temperatures, 
as illustrated by the curve shuwn in Figure 2; 5 

therefore, the temperature of the crucible 
during processing was kept to a minimum. 
The plutonium melts tended to partially 
separate from the bottom and sides of the 
. walls of the crucible during the residence time 
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FIGURE 2. Hydrogen-Tantalum 
Solubility Isobar (One Atmosphere). 

in the hydrogen atmosphere. In addition, 
hydrogen reacted with plutonium in these 
areas to form plutonium hydride (PuH2 ). 

10 

1400 

The layer of hydride produced at the Pu-Ta 
interface assisted, as a result of the volume 
increase of PuH2 , in dislodging the melt from 
the crucible. It appears that the combined 
conditions of the crucible increasing in volume 
because of hydrogen absorption, and the 
formation of hydride at the Pu-Ta interface, 
facilitated the release of the melt from the 
crucible. 

Melt Release Time 

The time required for release of the melts was 
dependent upon the surface contact area of the 
melt that was adhering to the walls of the 
crucible . 

> 
J: 

The curve shown in Figure 3 represents the time
temperature relationship that was obtained during 
the release uf the melt from this particular crucible. 
The melt weighed 1.2 kg and was released in 
~35 minutes at a crucible temperatu1e of 
approximately 120 °C. Approximately 17 grams 
of plutonium hydride was produced during this 
separation. 

Unused hydrogen in the recovery procedure was 
pumped from the reactor and was burned in the 
hydrogen-burning apparatus. Plutonium hydride 
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FIGURE 3. Time-Temperature 
Relationship for Melt Release. 

that was produced during melt-recovery operations 
was collected until a sizable batch was obtained 
(~LO kg). The hydride was then converted to 
oxide by air oxidation. 

Figures 4 through 8 are photographs showing a 
tantalum crucible containing the melt prior to 
processing and also the crucible and melt after 
separation. The same tantalum crucible and the 
same melt appear in these photographs. 

PHOTOGRAPHS 

Figure 4 shows an unused tantalum crucible prior 
to being filled with plutonium, and Figure 5 is the 
tantalum crucible as received for processing. The 
tantalum ring shown around the crucible in 
Figure 5 was used as a support for the crucible in 
the coating equipment. This particular melt , as 
received , was oxidized, as shown in the photograph; 
however, the oxide coating did not prevent the 
melt from being released from the crucible. This 
partir.nl;:ir crucible contained a plutonium melt that 
weighed 1.4 kg. 
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FIGURE 4. Configuration of Tantalum Crucible Used in Coating Experiments. 

FIGURE 5. Tantalum Crucible Prior to Hvdriding. 
i471S-5 
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14740-6 
FIGURE 6. Tantalum Crucible After Melt Release. 

FIGURE 7. Bottom View of Melt After Release from Crucible. 
14740-4 
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FIGURE 8. Top View of Melt After Release from Crucible. 
14740-2 

The same crucible, after the melt had been 
recovered, can be seen in Figure 6. There was 
oxide adhering to the inside surface of the crucible; 
however, the oxide was removed easily with a wire 
brush. The photograph also shows a circular 
discoloration area at the bottom and center of the 
crucible. This area was the location where the 
melt had adhered to the crucible. 

Figure 7 depicts the bottom of the melt after it 
was released from the crucible. The discolored 
area on the melt is the location where the melt 
had adhered to the bottom of the crucible. The 
top of the melt is shown in Figure 8. The melt's 
circumference appeared to be "chipped," a 
condition that was probably produced by rapid 
hydriding at the "chipped" locations. 

This technique of separating plutonium melts from 
tantalum crucibles is used routinely in support of 
Coating Research and Development Operations 
and of Chemical Recovery Operations. 
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