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. VOLOXIDATION AND DISSOLUTION OF. IRRADTATED PLUTONIUM RECYCLE FUELS

J. R. Cadieux and J. A. Stone, E. I. du Pont de Nemours & Co. (Inc.),
Savannah River Laboratory, Aiken, SC 29801 '

Voloxidation (roasting under controlled conditions) has been proposed as-
a method for rémoving tritium from LWR fuels prior to .aqueous dissolution.

 Uranium-based fuels are heated in ‘the preéence of oxygen, coanverting the U0,
ceramic into a fine U30g powder. Tritium released during the reaction appears

in the off-gases as HTO. Previous studies have dealt with the voloxidation and
dissolution of enriched uranium fuels (pure U0,).1-3 This paper describes initial
expe:iments at Savannah River with LWR plutonium recycle fuels (Pu0y driver).

Hot-cell tests with irradiated mixed-oxide (MOX) fuels have 'demonstrated the
removal of tritium and other volatiles by the voloxidation process. The impact

of this process on subsequent dissolution of the fuel have also. been evaluated.

Samples (200 g each) of UO2/Pu0y fuels from the Saxton, Big Rock Point, and Quad
Cities reactors were used. These MOX fuels had been fabricated by mechanical
blending and were Zircaloy clad. PuOy concentrations in the fuels before irra-
diation were 6.6, 1.5, and 2.6Z, and burnups were 40,000, 25,000, and 9,450

" MWD/MTHM, respectively. Cooling times ranged from 3 to 7 years. Five of a total

of seven runs were with the Saxton MOX fuel. This fuel most closely resembled
projected commercially recycled fuel in initial PuOy concentration and high
burnup. : o :

Segments (1.0-inch) were sheared from the appropriate fuel rods and placed
in the voloxidizer/dissolver. The test charge included broken fragments of fuel
that separated from the hulls on shearing. The samples were roasted at either
490 or 590°C in 20 or 100% oxygen with rotary agitation. An off-gas system
attached to the voloxidizer/dissolver assembly trapped tritium, 1 c, 8 Kr, and
1291 released during each test.! ' Oxygen consumption and cumulative 89Kr evolu-
tion were measured online to monitor the progress of the reaction.

The voloxidation reactions proceeded smoothly and .usually were complete in
one to four hours after reaching operating temperature. Figure 1 shows 87kr data
from the five Saxtom MOX runs. A 100% oxygen atmosphere increased the reactidq
rate by a factor of two over that obtained with 20% oxygen. Temperature (490 or
590°C) had no apparent effect on the rate. 'In all cases, greater than 99.4% of
the tritium was removed by the voloxidation. One of the runs at 490°C and 20%
02 had an unusually slow rate of reaction. There was some evidence that the
shearing process may have crimped the ends of several of the hulls used in this
run, thereby reducing the surface area of fuel ‘exposed for reaction and, in turn,
the reaction rate. ‘ '
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The U30g8/Pu0y- products were dissolved in nitric ac1d by a batch -procedure
previously used for voloxidized U0, fuels.2  The spent hulls were then leached
two more times with nitric acid. Off-gases were again collected during these
steps, and the dissolver solution was centrifuged and analyzed. Table I shows
‘the distribution of the volatlle activities between the voloxidation and dissolu-
tion steps. :

Approx1ma:e1y 1 gram of ‘an insoluble residue was recovered .for each 100
grams of heavy metal (U+Pu) dissolved. As previously observed with pure U0,
fuels, voloxidation concentrated noble metal fission products (such as ruthenlum,
palladium, and molybdenum) in the residues.?:;3 Of. the total ruthenium in the
fuels, 60 to 80% was fouund in the residues. However; unlike residues from
processing enriched uranium fuels, the MOX residues also contained considerable
amounts (2 to 5Z) of the total plutonium inventory. A dissolution experiment.

. w1th non-voloxidized Saxton fuel from the same rod found 0.81% of the plutcnium

in a total residue of approximately 0.7 g per 100 g of. heavy metal. -Thus, &
‘considerable amount of insoluble plutonium and residue is inherent with the
dissolution of this fuel and not associated with the volox1dat10n treatment.
This may be attributable to prior fabrication and irradiation history of the
fuel.

Wet chemical leaching with 1OM nitric acid and Thorex reagent (134 HNO3 -
0.1M A1*3 - 0.05M HF) removed most of the plutonium from the residues. The
fluoride leaches were repeated until ahalyses of-the supernate did not show
significant amounts of plutonlum to be present. Finally, the remalnlng material
was dissolved in aqua regia at high temperature -and pressure in a dissolution
bomb. Table II llsts the plutonlum recoveries from the treatment of a typlcal
Saxton residue. : ' :

Further work is planned to characterlze the vclox1dlzed fuels In partic-.
ular, the residues will be analyzed by electron microscopy to determlne pluton1um
dlstrlbutlon in the particles. ’
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TABLE I
Removal of Volatilé ACtivitigs from Saxton Fpel .

Quantity of Isotdpé Reﬁo#éd, VA
3 14 85 : 129
C Kr 1

Voloxidizer - >99.9 39 10 8
0ff-Gas -

Dissolver - - = = = 61 - 90 92
0ff-Gas

'Dissolve: : <0.1
- Solution ’

* Each value is an average of 5 runs and is
reported as percent of total isotope collected.

TABLE II

Plutonium in a Saxton Fuel Residue

" Leach Conditions =~ ..  Total Pu Collected, % Residue Dissolved, wt Z . -
- 10M HNOs3; . 0.94 : “14.8

90°C, 8 hr . ' '

Three Leaches ' 2.22 , " . . 18.3'

with Thorex;
90°C, 8 hr each

HC1/HNO3 0.41 | 66.9
Dissolution; ‘
200°C, 24 hr

Total - - . 3.57%

* The majority of the plutonium (96.43%Z) was recovered from the nitric acid
dissolver solution. S :



L R TN T P SR i PR S A ey

100 p—

o .
(@]
!

l

5H
T

® 100% 02, 490°C
. A 20% Op, 490°C

Cumulative 85Ky Evolufion, %

A 20% 0p, 590°C
20— '

1 T S O T N I Y N MO N N N |
o 1 2 3 4 5 6 . 7 8 9 o n -2 13

~ Time, hr ‘

FIGURE 1. Effect of Oxygen Concentration and Temperature

- - ‘of the Voloxidation of -Saxton Fuel
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