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voids. The upper regions of the slugs were found to be 
smooth, whereas the lower regions, continuously heated 
by the high-temperature melt during the casting 
processes, had a slightly coarse surface. 

The amount of dross formed on the surface of the 
melt was found to increase with its charged RE content, 
as did the reaction areas of the graphite crucible. The 
melt residue in the crucible and the melting crucible are 
shown in Figs. 3a and 3b, respectively, after casting the 
U–10wt%Zr and U–10wt%Zr–7wt%RE fuel slugs. 
Dross generally forms due to reactions of the melt with 
oxygen when the casting is not performed under high-
vacuum condition, or from interactions with the casting 
components in contact with the melt. Since the two fuel 
slugs were cast under the same conditions, the increase 
in the amount of dross observed here for the second 
slug must mainly be the result of its higher charged RE 
content. 

The casting yields were quantified by measuring the 
material balance before and after injection casting. 
Assuming their soundness, the casting yields of the U–
10Zr, U–10Zr–3RE, and U–10Zr–5RE fuel slugs were 
approximately 15.9%, 15.8%, and 13.4%, respectively, 
indicating that the casting yield decreases as the 
charged RE increases. The yields with injection casting 
are lower than using other casting methods such as 
gravity casting because a large portion of the charge 
occupies the bottom of the crucible. This problem can 
be solved to an extent by large-scale production and by 
optimizing the depth of the molten fuel in the mold and 
the array pattern of the mold bundle  
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Fig. 2. Photographs of U–10wt%Zr fuel slug 

containing (a) 0wt%RE, (b) 3wt%RE, and (c) 7wt%RE 
after injection casting 
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Fig. 3. Photographs of a melt-residue (left) and a 

crucible (right) after casting the (a) U–10wt%Zr and (b) 
U–10wt%Zr–10wt%RE fuel slug 

 
4. Conclusions 

 
Herein, U–10wt%Zr fuel slugs containing 0, 3, and 

7 wt%RE were prepared by an injection casting method 
and their characteristics were evaluated.  

The as-cast fuel slugs were generally sound and 
fabricated to the full length of the mold. However, the 
increased amount of the charged RE noticeably 
deteriorated the quality of the casting components such 
as melting crucible. Chemical analysis of the U–10Zr 
and U–10Zr–3RE slugs showed that the target 
composition was matched to within 1.0 wt%. In contrast, 
the composition of the U–10Zr–7RE fuel slug differed 
by as much as 4.6 wt% from the target. Therefore, more 
protective casting variables should be considered, when  
casting high RE-bearing fuel slugs.  
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