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[57 ] ABSTRACT 

A fuel element comprises highly a enriched uranium 
bodies coated with a nonfissionable, corrosion resis-
tant material. A plurality of these bodies are disposed 
in layers, with sodium filling the interstices therebe-
tween. The entire assembly is enclosed in a fluid-tight 
container of nickel. 

1 Claim, 9 Drawing Figures 
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preferred composition of the jacket and cap is nickel, 
NICKEL CONTAINER OF HIGHLY-ENRICHED titanium or stainless steel. 

URANIUM BODIES AND SODIUM Within the jacket 12 is a plurality of solid spheres 18 
of fissionable material, i.e., a material containing a 

This invention relates to fuel elements for a neutronic 5 fissionable isotope, such as U235. U235-enriched uranium 
reactor. In particular it pertains to the structural make- is used in the fast neutron reactor of my copending 
up of material containing fissionable isotope for a nu- application, supra, and the U235 content is about 93.5% 
clear reactor. of total uranium content in a uranium sphere. The 

Reference is made to my copending application, Ser. spheres may be made by forging short lengths of ura-
No. 721,108, filed Jan. 9, 1947 now U.S. Pat. No. 1 0 nium wire in a two-piece die. Each sphere is provided 
2,975,117 issued Dec. 19, 1960 and to the copending with a coat 20 of corrosion-resistant material, such as 
application of Leo Szilard, Ser. No. 698,334, filed Sept. nickel or silver. The purpose of the coat is twofold, 
20, 1946, now U.S. Pat. 3,103,475 issued Sept. 10, namely, to retain the fission gases as much as possible 
1963, for a showing o f t h e type of reactors involved. within the particular sphere in which they are gener-

This invention involves a partial departure from con- 15 ated, and to prevent corrosion of the fissionable mate-
ventional fuel elements having a single cylindrical body rial. Inasmuch as the spheres do not occupy the entire 
of material containing a fissionable isotope, such as volume of the jacket 12, it is proposed that the unoccu-
uranium. Such a body is difficult and costly to manu- pied portion be filled with a heat-conducting metal, 
facture because of the necessity to machine to precise which is liquid at room temperature or which is easily 
dimensions. Also the body develops undesirable elon- 2 0 liquefiable. Sodium is an example of an easily liquefi-
gated crystals in the direction of rolling operation pre- able heat-conducting metal. Also, a space 22 provided 
ceding the step of machining. Further, uranium is a between the top layer of the spheres and the cap 14 is 
relatively poor heat conductor. filled with the liquid metal. This space is provided to 

An object of this invention is to provide a structure allow for expansion of the spheres at elevated tempera-
for material containing fissionable isotope for a reac- 2 5 tures. 
tor, which structure can be manufactured cheaply and The majority of the fuel elements for a neutronic 
easily by such simple operations as stamping or upset- reactor preceding this invention have contained solid 
ting without a need for machining to accurate size. bodies of fissionable material covered with corrosion-

Another object is the provision of a structural make- resistant metals, such as aluminum and stainless steel, 
up for material containing fissionable isotope which 3 0 Most of the fuel elements have used uranium as the 
does not exhibit a pronounced tendency to grow in a fissionable material. Since uranium is not a good ther-
single direction. mal conductor compared with other metals, it is evi-

A further object is to provide a structure of a fuel dent that a heat gradient would develop between the 
element for a reactor which structure has improved center and the exterior of the uranium body. This gra-
heat conductivity. This permits the heat of fission gen- 35 dient has been a limiting factor in the power output of 
erated in the fissionable isotope to be dissipated more a reactor using the uranium fuel elements in large 
repeatedly and consequently the reactor to be operated masses. Consequently, it is proposed that the uranium 
at a higher specific power. be manufactured in bodies having smaller cross-sec-

Other objects and advantages of this invention will, in tions in order to reduce the heat gradient within each 
part, be obvious and appear hereinafter. 4 0 body. A sphere is the preferred shape due to the ease of 

For a more complete understanding of the nature and manufacture and the largest ratio of surface to volume, 
scope of this invention, reference can be had to the By immersing the bodies in a liquid coolant having a 
following detailed description taken together with the comparatively higher coefficient of thermal conductiv-
accompanying drawings in which: ity than uranium, the heat produced within each sphere 

FIG. 1 is a vertical sectional view of a first embodi- 4 5 is conducted by the coolant to the jacket 12 which is 
ment of the present invention; cooled externally. 

FIG. 2 is a horizontal sectional view, taken on the line If we consider that the spheres are die-shaped from 
2—2 of FIG. 1; short pieces of a length of wire, the growth that will 

FIG. 3 is a vertical sectional view of a second em- occur in the direction of such length because of the 
bodiment of the present invention; 5 0 working required to produce the wire will not occur in 

FIG. 4 is a horizontal sectional view taken on the line a single direction on the individual spheres in a given 
4—4 of FIG. 3; casing, because the balls will not orient themselves in 

FIG. 5 is a vertical sectional view of a third embodi- the casing according to the original length, 
ment of the present invention; Having sacrificed volume of fissionable material in 

FIG. 6 is a horizontal sectional view taken on the line 5 5 each element 10 for the advantage of a lower heat 
6—6 of FIG. 5; gradient, it is necessary to pack spheres 18 in the jacket 

FIG. 7 is a chart in which the ordinate is the ratio of 12 as efficiently as possible. It is convenient to make all 
space occupied (volume of spheres/volume of jacket) the spheres o f t h e same size in a given jacket, and this 
and the abscissa is the total number of spheres; enables the spheres to be packed in layers that extend 

FIG. 8 is a vertical sectional view of a fourth embodi- 6 0 generally transversely of the jacket 12. Two types of 
ment of the present invention; and packing are proposed. As shown in FIGS. 1 and 2, the 

FIG. 9 is a horizontal sectional view taken on the line layers are disposed one above the other in such a man-
9—9 of FIG. 8. ner that a sphere of each layer contacts only one sphere 

In the drawings a fuel element is generally indicated in an adjacent layer; that is, the centers of the spheres 
at 10. It is preferably encased in a closed cylindrical 65 lie in vertical lines. In FIGS. 3 through 6, however, each 
jacket 12 having one end covered with a cap 14 in a sphere contacts two spheres of an adjacent layer; that 
fluid-tight manner by means of a weld 16 at the upper is, the center of one sphere lies between those of the 
peripheral interface of the jacket and the cap. The two spheres upon which is rests. Manifestly, packing 
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the spheres interstitially, as shown at 23 in FIGS. 3 and 
5, is a more compact method, because the uppermost 
point of a sphere on a lower layer is higher than the 
lowermost point of contiguous spheres in an upper 
layer. 5 

In FIG. 7 is a graph of two curves showing the varia-
tion of cylinder space occupied with the number of 
spheres. One curve shows the layer packing as set forth 
with respect to FIGS. 1 and 2, and the other shows the 
interstitial packing as described with respect to FIGS. 3 1 0 

through 6. Both curves show that the ratio of space 
occupied within a jacket is greater where a number of 
spheres in a given layer is an odd whole number. More 
precisely, the diameter of the container is an odd multi-
ple of the diameter of the spheres. Hence, the greatest 1 5 

ratio of space occupied is that layer having only one 
sphere. The next greatest ratios are for seven and nine-
teen spheres. Although a layer having one sphere is not 
shown in the drawings, it is evident that the body would 
have a diameter equal to the inside diameter of the 2 0 

jacket 12 which would be a relatively large mass of 
uranium having the objectionable high heat gradient 
alluded to for cylindrical bodies. For this reason a layer 
having only one sphere has been ignored. The layers 
having seven and nineteen spheres are shown in the 
drawings. As shown in FIG. 2 a layer having seven 
spheres is arranged with a central sphere and six orbital 
spheres disposed around it. For a layer having nineteen 
spheres for the same size jacket, spheres having smaller 3Q 
diameters are used. They are disposed, as shown in 
FIG. 6, so that the central sphere has six spheres 
around it in an inner orbit and an additional twelve 
spheres in an outer orbit adjacent the jacket. From the 
arrangements shown in FIGS. 2, 4, and 6, it is evident ^ 
that a central sphere is disposed with its center on the 
jacket axis. In addition, it is pointed out that the inside 
diameter of the jacket is an odd multiple of the diame-
ter of each sphere. 

Due to the fact that the central spheres of each layer 4 0 
are necessarily disposed on the axis of the jacket, these 
spheres can only be disposed above each other without 
interstitial packing as set forth in FIGS. 3 and 5. Conse-
quently, the column of central spheres in each figure 
extends above the surrounding spheres which are inter- 4 5 
stitially packed. 

In order to increase the ratio of space occupied 
within each jacket the spheres, after being placed in 
their layers as set forth in FIGS. 1, 3, and 5, may be 
subjected to a force great enough to permanently dis- 5 0 
tort the sphere so as to occupy part of the space be-
tween the undistorted spheres. In this manner, more 
spheres may be placed into each jacket. This modifica-
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tion of the invention is shown in FIGS. 8 and 9. The 
element 10 comprises the jacket 12 and a compact 
agglomeration 24 of fissionable material which entirely 
fills the jacket. The agglomeration is the distinguishing 
feature of this embodiment over the previous ones. In 
general the agglomeration is formed by pressing a plu-
rality of individually coated spheres into a compact 
cylinder. Specifically the preferred embodiment is 
composed of uranium spheres having 0.097 inch diam-
eter and having an exterior coat of nickel or silver. The 
spheres are placed in a double acting die in vacuo and 
subjected to sufficient pressure at 450°C. to achieve the 
proper compactness; that is, 15 tons per square inch. 
The compact is then ground to 0.400 inch diameter and 
0.5246 inch length and inserted into the thin walled 
jacket 12 in which it is sealed in the manner set forth 
above for the previous embodiments. If machining 
removes the coat of nickel or silver, a new coat is ap-
plied to the cylinder. 

As shown in FIGS. 8 and 9, the spheres flow into all 
voids assuming various configurations. Each mass of 
the deformed spheres is contained within its original 
coat 20, for which reason the coats of adjacent bodies 
are pressed together so as to appear fused. Hence, the 
agglomeration 24 is a compact cylinder segregated into 
a number of parts equal to the original number of 
spheres by the coats of each sphere. 

This form of the invention has the advantage of ran-
dom orientation of the deformed spheres with respect 
to the direction of the original length of wire or rod 
from which the spheres were made. Thus growth due to 
working of the wire or rod will not be concentrated in 
a single direction. 

Other variations from the preferred methods de-
scribed will be apparent and may be made without 
departing from the spirit of and scope of the invention. 

What is claimed is: 
1. A fuel element for a neutronic reactor comprising 

a cylindrical fluid-tight container of nickel, a plurality 
of solid substantially spherical bodies of uranium con-
taining about 93.5% U235 within the container a coating 
of nonfissionable, corrosion-resistant material covering 
each body, the bodies having substantially equal diame-
ters, the diameter of the container being an odd multi-
ple of the diameter of the bodies, the bodies being 
disposed in layers between the ends of the container 
each layer having a central body with two orbits about 
it, the inner orbit having six bodies and the outer orbit 
having twelve bodies, and sodium within the container, 
the sodium and the uranium bodies entirely filling the 
container. 
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