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Abstract

The phase assemblage of aluminum-urania is a nonequilibrium
mixture and a cermet fuel of this mixture will ultimately tend to
change phases. Early studies of this reaction recognized the
potentially large energy release accompanying the phase change.

.This paper reviews the studies of the reaction and concludes that
increasing the uranium content to the level necessary for
low-enriched fuels will not add significantly to the chemical
reaction hazard.

Introduction

When aluminum7-urania cermet fuels were first introduced in the 1950s,
it was recognized that the phase assemblage was a nonequilibrium mixture
that would ultimately change phases with potentially large energy releases.
Howeverl at temperatures up to 500'C, little reaction occurs, and up to the
aluminum melting point at 660% the worst behavior noted was time-dependent
reaction sometimes leading to fuel plate swelling and warpage. This was of
concern mainly to fabricators who had to braze elements at temperatures up
to about 600'C. The advent of roll swaging for element assembly allowed
fabrication temperatures to be maintained below about 500'C. Operating
temperatures in research reactors are much lower than this, often about
100'C. Thus, the potentially high energy release from the Al-U 308 reaction

is inconsequential except in the event of a loss-of-coolant accident. In
view of this possibility, studies of the high temperature thermal behavior
of the system were undertaken.

The most recent study at the Oak Ridge National Laboratory (ORNL) was
done specifically because the conversion to low-enriched uranium fuels
would necessitate U 30 -Almixtures in the composition range expected to

release the maximum energy. 192

This paper is a review.of the ORNL study of the U 308-Al reaction and

includes a review of the highlights from earlier work on this subject.

1Research performed under Memorandum Purchase Order No. 31-109-38-4529
with Argonne National Laboratory under Union Carbide Corporation Contract
No. W-7405-eng-26 with the U.S. Department of Energy.
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Experimental Studies

The major features of the Al-U 308 reactions were delineated by Fleming

and co-workers 3 and German studies. 4 Investigators at Argonne National

Laboratory (ANL) studied the consequences of rapid heating in reactor on

fuel plates. 596 Later studies were conducted at the Savannah River
7

Laboratory. These studies generally agreed on several points. The amount

of heat released is dependent on composition. Most of the reaction heat is

released in a concentrated temperature range (the "ignition" temperature)

between 800 and 1000'C. The reactions occur in at least two stages, an

initial rapid reduction of U 3 08 to UO2 followed by a slower reaction

forming uranium--aluminum compounds.

Fleming and co-workers calculated the maximum credible energy release

as a function of composition. This maximum was about 12 kJ/g of fuel at

about 65 to 75 wt % U 3 08* Qualitative differential thermal analysis (DTA)

showed the effect of composition but they did not quantitatively determine

the amount of heat actually released.

The studies at ANL dispelled many of the fears concerning the behavior

of the cermet fuel plates during overheating in reactor. They used nuclear

heating in the Transient Reactor Test Facility (TREAT) to observe the

effects of rapid overheating. Fuel of 41 wt % U 308 was subjected to rapid

fission energy inputs up to 445 kJ/g in water temperatures of 30, 120, and

285'C. The samples retained their platelike shape at energy inputs to

1.84 kJ/g even though an energy input of 096 kJ/g was sufficient to melt

the aluminum cladding and matrix. Plates subjected to energy input greater

than 21 kJ/g lost their plate shapes. These results indicated that the

U308-Al reaction "may not be an important energy source in the transient

meltdown of the cermet fuel."

Workers at the Savannah River Laboratory examined the reaction of

aluminum with UO 3 and U308 using DTA. They estimated energy releases of

1.7 to 21 kJ/g at about 1000'C.

The study at ORNL was done quantitatively with a calibrated DTA. Two

unknowns" with transformations in the range of interest were run to test

the accuracy of the calibration. The heats of transformation for germanium

at 937'C and for SrCO 3 at 925% were measured within 7 of their literature

values. Observed transformation temperatures were within 1% of their

literature values. Using this system, DTA curves were obtained for a range

of 30-Al powder mixtures and sections of fabricated plates.
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The energy release from the exothermic reaction of 79 wt % U 30. powder

samples at about 900% averaged only 74 J/g whereas Fleming ts calculations
predicted about 1090 J/g. For these same runs, the aluminum melting
endotherm measured 386 J/g compared to the literature value of 397 J/g.
For sections of plates containing about 35 and 45 wt % U3 08 (the meat

contained 75 wt % U308 ) the nergy release at about 900'C was 71

and 243 J/g compared to Flemings calculations of about 680 and 860 J/g.
The aluminum contents back calculated from the melting endotherms agree
very closely with the actual value. The thermograms are sensitive enough
to indicate the separate melting points of the two types of aluminum
present 6061 cadding and 1100 matrix). Both types of samples showed
previously unreported exothermic peaks in the region of 13000C. These
peaks are not understood and are beyond the range of calibration for
quantitative analysis. They do indicate a significant energy release of
the same order as the 900'C release. The heats of reaction measured for
the standards and for the aluminum melting endotherm lend confidence to the
low energy releases measured at about 900'C. The energy released
is low compared to the thermal energy required to initiate the reactions.

The ORNL study also included heating four miniplates to above the
900% reaction temperature range to observe their behavior. Plates were
heated to 1020, 1050, 1110, and 1405'C. These four miniplates showed no
disruptive effects that could be ascribed to the exothermic reaction.
The cladding melted and the meat warped and sagged somewhat but remained
intact. These results agree with those of Fleming who heated a plate above
the aluminum melting temperature and observed that the meat remained intact
and its strength increased by a factor of four.

Conclusion

A review of the papers studying the AI-U 308exothermic reactions leads

one to retain the conclusions of the ORNL study,

1. Measured heats of reaction evolved from high-uranium U 308-Al

mixtures at temperatures near 900% are low compared with the
thermal energy required to initiate the reactions.

2. The first conclusion plus. the lack of disruptive thermite
reaction effects in heated miniature fuel plates indicates
that switching from the present low U 308 loading to higher

levels does not add a significant chemical reaction hazard to
other considerations of safe reactor operation.
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