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MICROWAVE ENHANCED PYROCHEMICAL REACTIONS OF PuO 2,

UO2, AND U308

E. F. Sturcken and L. E. McCurry, Westinghouse Savannah River
Company (WSRC), Aiken, South Carolina 29808

ABSTRACT

Experiments in the high level cells at WSRC have established that PuO 2

has an extremely high absorption factor for microwaves: temperatures in
excess of 1000oCwere reached in less than 5 minutes with a multi mode,
2450 MHz, 600 watt, microwave oven. In other microwave heating
experiments: stoichiometric compositions of PuO2-UO 2 were prepared

and U308was reduced to U409.

BACKGROUND

The first reportof a strongcoupling of microwave energy with uranium
oxidewas due to PaulA. Haas(1)• Haas observeda "glowing"area in a
sample ofU03 gel spheresbeing microwavedriedas part of a nuclear
fuel preparationprocess.Dry U03 did notheat, but U308 and U02 heated
stronglyso Haasdeducedthat the UO3was reducedby traces of NH3
and organicmaterialsremainingin the gel after washing.

COUPLING MICROWAVEENERGY WITH PuO2

Experiments inthe high level cells (HLC) of the Savannah River
Laboratory (SRL) demonstrated that PuO2 had an extremely high
absorption factor for microwaves.

The experiments were performed in a CEM Corporation, Model,
MDS-81 microwave oven that was remoted(2)for use in high radiation
fields. The oven had a nominal power rating of 600 watts. A 17.6 gram
sample of PuO 2 was inserted into a cylindrical MgO crucible; .032 m
(1.25 in.) OD X .025 m (1.00 in.) lD X .064m (2.5 in.)length, and the
crucible was mounted in a block of fused quartz foam insulation.



The sample was run at a microwave power setting of 100 percent. The
sample heated rapidly and glowed with a cherry red color in less than 3
minutes,Figure 1. The photograph is of poor quality due to its being taken
behind 4 ft of lead glass shielding in the SRL high level cells.

i

Fig. 1 Plutonium dioxide heating in a microwave oven.

The power was turned off to prevent damage to the microwave oven,
since for this first experiment, a cover of insulation had not been placed
over the MgO crucible. The experiment was repeated two more times and
gave the same result.

One can calculate the microwavepower absorbed, Pa , by the PuO 2

using the expression:

Pa= Cp K m (Tr- Tl ) m/t (1)

where Cp is the specific heat, K is the conversion factor from calories to
watts, so K = 4.184 joules/cal, Ti and Tf are the initial an final
temperatures in degrees centigrade, m, is the sample mass in grams
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Fig. 1 Plutonium dioxide heating in a microwave oven.

The power was turned off to prevent damage to the microwaveoven,
sincefor this firstexperiment,a coverof insulationhad not been placed
over the MgO crucible.The experimentwas repeated two more times and
gave the same result.

z One can calculate the microwavepower absorbed, Pa , by the PuO 2

using the expression:

Pa= Cp Km (Tf-Ti)m/t (1)

where Cp is the specific heat, K is the conversion factor from calories to
watts, so K = 4.184 joules/cal, Ti and Tf are the initial an final
temperatures in degrees centigrade, m, is the sample mass in grams
and, t, the time iri seconds required to heat the sample from Ti to Tf.



Using equation (I), The power absorbed by the 17.6 grams of PuO2in

going from room temperature to 1000oC, in 200 seconds, is about 25

watts; where Cpfor PuO2(3) is 0.0611 at 23oC and 0.0810 at 1000 oC.
Hence, assuming the majority of power delivered to the microwave
cavity is absorbed by the sample and the heat transfer within the sample
is good; one should be able to rapidly heat kilogram quantities of
plutonium oxide to 1000oC with a 2 kilowatt microwave power source.

FORMING A PuO2-UO2SOLID SOLUTION

In a second HLC experiment, 17.6 grams of UO2was added to the 17.6
grams of PuO 2 in the MgO crucible and the mixture stirred thoroughly.
The MgO crucible was fit snugly into a cylindrical hole in a fused quartz
foam insulation block and a second fused quartz foam insulation block,
with a cylindrical hole, was fit snugly over the top of the crucible.

The assembly was inserted in the microwave oven and heated at a
power setting of 100 percent for 30 minutes.At the completion of the
experiment, it was discovered that the top and bottom insulation blocks
had melted next to _.heMgO crucible and fused to it; indicating that the
crucible temperature had reached a minimum of 1600 oC and probably
much higher. The PMO2-UO 2mixture appeared to be a sintered mass in
the bottom of the crucible, Figure 2. Scanning electron microscope
(SEM) analysis in the SRL "Contained" SEM indicated that the PuO2-
UO2 reaction was complete and x-ray diffraction analysis confirmed the
formation of a one to one solidsolutionbetweenthe two oxides.
Chikalla'sphase diagram(4)of the systemPuO2-UO 2 indicates that the
solidto liquid transitiontemperaturefor a one to one solidsolutionis
2600 oC. The meltingpointof PuO2 is near2300 oC and the melting

= point of UO2 near 2700 oC.



Fig. 2 Microwave sintered PuO2-UO 2in MgO crucible. Note the space
adjacent to the crucible where the insulation melted away.

MICROWAVE REDUCTION OF U308TO U409

!

A 3.36 gram sample of "depleted" U308was heated in a 600 watt, Floyd,
Inc., RMS-150 microwave system for 30 minutes at 100% power.

The sample was contained in a 0.016 m (0.625 in.) OD X 0.010 m (0.375
in.) lD X 0.051 m (2.00 in.) length boron nitride, BN, crucible. The BN
crucible had a BN cover and was contained in a 0.032 m (1.25 in.) OD X
0.025 m (1.00 in.) lD X 0.064 m (2.5 in.)length MgO cylindrical crucible.
The MgO crucible was fit snugly into a cylindrical hole in a block of fused
quartz foam insulation. A fused quartz foam cover was also fit snugly on
top of the MgO crucible. The three walled containment was designed to
keep the fused quartz foam insulation from melting. Boron nitride was
selected because it is transparent to microwaves and sublimes at 3000 o
C. The sample was small because only a .016 m diameter rod of BN was
available to fabricate the BN crucible.

Scanning electron micrographs were taken of the sample after
microwave heating. The grain boundary structure, Figure 3, showed that
the U308 particles had sintered.
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Fig. 2 Microwave sintered PuO2-UO 2 in MgO crucible. Note the space
adjacent to the crucible where the insulation melted away.

MICROWAVE REDUCTION OF U308 TO U409

A 3.36 gram sample of "depleted" U308 powder was heated in a 600
watt, Floyd, Inc., RMS-150 microwave system for 30 minutes at 100%
power.

The sample was contained in a 0.016 m (0.625 in.) OD X 0.010 m (0.375
in.) lD X 0.051 m (2.00 in.) length boron nitride, BN, crucible. The BN
crucible had a BN cover and was contained in a 0.032 m (1.25 in.) OD X
0.025 m (1.00 in.) lD X 0.064 m (2.5 in.) length MgO cylindrical crucible.
The MgO crucible was fit snugly into a cylindrical hole in a block of fused
quartz foam insulation. A fused quartz foam cover was also fit snugly on
top of the MgO crucible. The three walled containment was designed to
keep the fused quartz foam insulation from melting. Boron nitride was
selected because it is transparent to microwaves and sublimes at 3000 o
C. The sample was small because only a .016 m diameter rod of BN was
available to fabricate the BN crucible.

Scanning electron micrographs were taken of the sample after
microwave heating. The grain boundary structure, Figure 3, showed that
the U308powder had sintered.



Fig. 3. SEM back scattered electron imageof sintered U409.

X-ray diffraction patterns showed that the structure was U409. According

to the literature U308begins to decompose at 1300° C and continues to
decompose with increasing temperature until it becomes UO2which then
melts at 2500 oC. Some melting of the fused quartz foam insulation
occurred adjacent to the MgO crucible so the sample reached a
minimum of 1600 oC.

lt was also noteworthy that such a small quantity of material, 3.36 grams,
was adequate to develop temperatures in the neighborhood of 1600 oC
and higher.

UNUSUAL OBSERVATIONS

Even though the U308 powder was dry in the experiment described
above, the lid was pushed off of the BN crucible and a small amount of
oxide escaped when the microwave power was first turned on. The
power was turned off, the lid placed back on and the experiment
continued with no furlher problems.
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Fig. 3. SEM back scattered electron image of, U409, microwave
sintered from U308powder.

X-ray diffraction patterns of the sintered material showed that the
structure was U409. According to the literature, U308begins to
decompose at 1300° C and continues to decompose with increasing
temperature until it becomes UO2which then melts at 2700 oC. Some
melting of the fused quartz foam insulation occurred adjacent to the
MgO crucible so the sample reached a minimum of 1600 oC.

lt was also noteworthy that such a small quantity of material, 3.36 grams,
was adequate to develop temperatures in the neighborhood of 1600 oC
and higher in the crucibles and insulation.

UNUSUAL OBSERVATIONS

Even though the U308powder was dry in the experiment described
above, the lid was pushed off of the BN crucible and a small amount of
oxide escaped when the microwave power was first turned on. The
power was turned off, the lid placed back on and the experiment
continued with no further problems.



To investigatethe cause of this behavior; thirtygrams of the U308 stock
powder, from whichthe abovesamplewas taken, was microwave
heated in an aluminacruciblefor one minuteand the sample observed
through the microwaveovenwindow.

As soon as the microwave power was turned on, particles throughout the
powder began to spark and occasionally light up like tiny arcs or flames
and some fine particles on the sample surface became airborne. The
"start up" behavior of the U308 powder was reproducible; even after it
was heated to cherry red, in less than 3 minutes, and cooled down.
The rapid heating may be a kind of plasma heating, in which the U308
particles, interacting with the microwaves, discharge small "lightening
bolts".

CONCLUSIONS

The strongcouplingof PuO2, UO2, and U308 with microwave energy
has many practical applications in the Nuclear Industry. Some of these
applications are discussed in the following paragraphs.

Remote Operation in Nuclear Pyrochemical Facilities-Microwave
technologyoffersthe potentialto considerablyreduce furnace heating
times; to "pipe" microwavesintohighradiationcellsand gloveboxes and
thereby greatlysimplifyequipmentmaintenance;to reduce facilitysize
and nuclearwastes andto developnew and more efficientchemical
technology,e.g., in the area of recoveryand purificationof plutonium.

Microwave Sintering of PuO 2 for Space Applications-PuO 2 pellets,clad
in Iridium, are the heat source for a number of thermoelectric generators
in spacecraft. PuO 2 is produced by plutonium oxalate precipitation and
calcination. PuO 2 ,with a larger particle size, is needed to simplify pellet
fabrication, improve safety and increase the power density of the pellets.

Microwave Heating to Produce Nuclear Fuels and Other Nuclear Alloys-
Nuclear fuels are prepared by alloying PuO 2, UO2, or U3° 8 with the
desired material, e.g., aluminum, in conventional furnaces. The heat
treatments are lengthy and require remote operation of electrical and



mechanical equipment that is large and maintenance-intensive.

The solutionchemistryof Pu02, producedby "firing" at high temperature,
may be improvedby alloyingitwith U02 as shownabove.
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