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necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
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TRACER SURFACE DIFFUSION ON 002 

by 

S. Y. Zhou and D. R. Olander 

Surface diffusion on U02 was measured by the spreading of U-234 

tracer on the surface of a duplex diffusion couple consisting of wafers 

of depleted and enriched U02 joined by a bond of uranium metal. The Uvo 

wafers were bonded together so that surface exchange of uranium isotopes 

across the wafer-wafer interface was reasonably efficient. Isotope 

exchange across the interior portion of the interface by volume diffusion 

also occurred, but very slowly compared to exchange by surface diffusion. 

When heated, uranium isotopes transferred bebveen the uvo wafers but no 

net uranium flaw took place. The face of the enriched wafer lost the 

light isotopes by volume diffusional exchange with U-238 supplied by the 

depleted wafer. The reverse process occurred on the face of the depleted 

wafer. Transport of the uranium isotope was along the surface, but storage 

of the tracer in quantities sufficient to measure by detection of the 

alpha particles emitted by U-234 required diffusion into the solid from 

the surfaces. Even though an interface resistance arising from imperfect 

joining of the bvo wafers was present, the symmetry of the duplex specimen 

streamlined the mathematical analysis of the coupled surface and volume 

diffusion model of tracer spreading. These processes led to radial 

distribution of the alpha radioactivity along both faces of the specimen 

following an anneal. 

The duplex specimen was heated in the rig shown in Fig. 1, which was 

located in·a tungsten resistance furnace. Holes in bottom of the crucible 

permitted access of the slowly-flowing gas (hydrogen saturated \vith water), 

to the specimen. Rhenium foils 25 ~m thick covered both faces of the 
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specimen to eliminate VOZ vaporization and vapor transport of the tracer 

during the anneals. Because of the wet hydrogen atmosphere in the experi­

ments, the oxide should have been very close to exact stoichiometry. 

After each anneal, the radial distribution of alpha activity on the 

depleted face of the duplex specimen was measured using the aperture 

technique of Marlowe and Kaznoff (1). The depleted face was partially 

covered with one of a series of brass disks with apertures of various 

sizes. The alpha radioactivity of the uncovered portion of the sample 

surface was measured in a gas flmv proportional counter. The activities 

of the enriched and depleted faces were measured in the same counter. 

Following the activity distribution measurement, the enriched and depleted 

faces of the duplex specimen were ground to a mirror finish with abrasives. 

Sufficient material (~ 10 ~m) was removed in this process to return the 

alpha radioactivity of each face to the value characteristic of the 

original materials. The duplex specnnen \vas then ready for use in the 

next experiment. 

The surface diffusion coefficient \vas deduced from the activity dis-

tributions using the method described in Ref. 2, which accounts for the 

effects of competing bulk diffusion as well as the presence of a transport 

resistance at the wafer-wafer interface. The resulting values of the 

surface diffusivities are shown in Fig. 2. The quantity needed in 

analyses of mass transport along the surface is the product of the surface 

diffusivity Ds and the surface layer thickness 0, which in the present 

model is equal to the ratio of the areal density of uranium atoms on the 

surface to the bulk uranium atom density in the solid (~ 3 ~). Consequently, 
-9 -8 3 the product oDs varies from 3xlO to 6xlO em /s over the temperature 

range investigated. 
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Bonzel's theory (3) of nonlocalized surface migration was applied to 

the measurements and was found to be capable of explaining the large pre­

expontial factor of Ds provided that the migrating species is the DOZ 

molecule capable of free rotation. However, a consequence of this require­

ment is a long mean free path of the migrating molecule on the surface, 

which covers distances equivalent to many grains between activation to 

the nonlocalized mobile state and deactivation back to the bound adatom 

state. This very large predicted mean free path is directly related to 

the assumption of unhindered rotation of the activated UOz molecule on 

the surface. 
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FIGURE CAPTIONS 

1. Duplex-wafer diffusion couple with rig for annealing in a furnace. 

The crucible, sleeve and weight are fabricated of molybdenum. 

Z. Tracer surface diffusion coefficients on UOz in wet hydrogen 

atmospheres. 
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