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Fabrication of UO,, - Stainless Steel Fuel for a Fast-Reactor

Safety Test*

H. V. Rhude, G. B. O'Keefe, and R. A. Noland

As part of its fast breeder reactor (LMFBR) safety research program, Ar-

gonne National Laboratory is conducting a series of tests in the TREAT Reactor

to clarify the boilup and freezing behavior of UCL fuel and stainless steel in

the transition phase of an accident sequence. To simulate debris that would

occur in a transition phase accident sequence, it was desirable to have a homo-

genenous mixture of enriched UCL and stainless steel, preferably a sintered

UO- fuel mass with about 15 volume percent stainless steel dispersed uniformly

in the UO-, and with a density of at least 91% of theoretical density (TD).

Although much work has been done on U0_ dispersed in a stainless steel

matrix, no references could be found on work relating to the dispersal of

stainless steel in a U0_ matrix. Consequently a development program was started

to produce the necessary fuel. The major difficulty encountered is attributable

to the melting range of 316 stainless steel (1391-1399°C) which is well below

the normal sintering temperature of U0» (1750°C). Attempts to produce the re-

quired fuel pellets by standard sintering techniques did not work. Typical of

the problems encountered is bleeding out of the stainless steel as shown with

a tubular specimen in Figure 1. This specimen was cold-pressed at 69 MPa

(10,000 psi) and sintered at 1500°C.

Alternative approaches to sintering were investigated to determine the den-

sity achievable without sintering. Different mixtures of various U0 2 particle

sizes mechanically mixed with the stainless steel powder were cold-pressed at

172 MPa (25,000 psi). Maximum density achieved was an inadequate 56% TD.

*Work performed under the auspices of the U.S. Department of Energy.

Period between fuel melting and attainment of a coolable mass.
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Attempts to use high-density sol-gel spheres of UCL of graded sizes to fill

the maximum pore volume produced only 64% TD. It was concluded that only a

process capable of causing sintering of the Wn could produce a product with

the desired density.

Accordingly \rarious hot-pressing techniques were subsequently investigated

using pressures up to 69 MPa (10,000 psi) and temperatures up to 2000°C. It

was found that even at 2000°C, the steel was retained in the matrix of the UO,

if the pressure were maintained throughout the sintering period and during the

cool-down.

Final fuel requirements were for solid cylindrical pellets, 50% and 93%

235
enriched in U . These were 23.3 mm diam. by 25,4 mm long (0.917 in. diam.

x 1 in. long), with 91% TD, and with 15 volume % (12.4 w/o) stainless steel

dispersed in the U0«. These requirements were ultimately achieved by hot

pressing.

The process worked out to produce the pellets required the use of super-

sinterable U0_ powder (produced by Los Alamos Scientific Laboratory). The

powder was mixed with the required amount of stainless steel powder (100 mesh)

and ball-milled in alcohol for three hours to thoroughly mix the powders. This

slurry was then dried and sieved through a 60 mesh screen to break up any lumps.

The required amount of the resultant powder, without any binder, was then load-

ed into a high density graphite die* and pressed at 14 MPa (2000 psi) and 1300°C

for 6-8 hours, under a vacuum of 10~ Torr. The length of time was determined

by the subsidence of the U0_ and stainless steel in the die. This tended to

vary from pellet to pellet. The subsidence was determined bv measuring the

stroke of the ram in the die, so that when a pellet of the desired length was

achieved, further pressing was stopped and the pellet allowed to cool down to

*Poco graphite HPD-1, made by Poco Graphite, Inc., Decatur, TX.
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room temperature in the die while maintaining the pressure. The resultant

microstructure is shown in Figure 2.

These pellets have been used in tests RX-1 and RX-2. Results of these

tests will be reported later when post-test analyses are complete.
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Figure 1. Bleeding of stainless steel from

tubular specimen of UO?-SS, cold-

pressed at 69 MPa and sintered at

n~ o u»..«»



Figure 2. Stainless steel dispersed in UO ,

hot-pressed at 14 MPa and 1300°C

for six hours.


