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1
METHOD OF JACKETING

This invention relates o an improved method ol jacket- .

ing bodies in pressure-light jackets. More specifically, the
invention relates o an improved method of jacketing a
member comprising (issionable malerial within a jacket ol
nonfissionable material to form an assembly adapted for use
in a neulronic reaclor.

In a neutronic reactor, a fissionable material, such as
uranium, is commoanly encased or jacketed in a jacket of a
malerial of high thermal conductivity. The jacket [unctions
both to prevent corrosion of the fissionable material and to
prevent the escape of radioactive substances, which are
generated within the fissionable material during operation of
the reactor, into portions of the reactor other than the
fissionable material. For operation of a neutronic reactor at
high temperatures, the body within the jacket is bonded to
the inner surface of the jacket. This is necessary in order to
secure adequate heat transfer to an exterior coolant from the
fissionable material, within which great quantitics of heat
are produced in the operation of the reactor.

The fissionable members commonly employed in neu-
tronic reactors are cylindrical in shape, usually of a diameter
of the order of 1 inch and are of a length rendering them
suitable for easy handling. Such fissionable elements are
commonly called “shugs”.

It has been found that with the methods heretofore used
for making the unitary jacketed siug structure described
above, there have frequently occurred faults in the bonding
between the fissionable member and the jacket. At the points
of occurrence of such faults, there have developed “hot
spots”, points of high temperature, which may cause the
production of blistering, rupturing of the jacket, and other
deleterious effects upon the jacketed slugs during high
temperature operation of the neutronic reactor. The devel-
opment of such defects during operation is extremely
prejudicial, if not fatal, to the continued proper operation of
the reactor.

Because of the factors discussed above, the quality and
uniformity of the bond required between the fissionable
member and the jacket must be perfect to a degree heretofore
never required. The present invention is not directly con-
cerned with the physical construction or the materials of the
fissionable member, the jacket, or the bonding agent. It is the
object of this invention to provide a method of assembling
and bonding a jacketed slug of fissionable material wherein
no air bubbles or other faults exist in the bond between the
fissionable material and the jacket.

Generally, the object of this invention is accomplished by
assembling the above-described assembly of fissionable
member and jacket while these elements are submerged in a
bath of thc moltcn bonding matcrial. For a better under-
standing of the invention, reference is made to the drawing,
in which:

FIG. 1 is an cxploded vicw, partially in clevation and
partially in longitudinal scction, of the parts of a jackcted
fissionable slug madc in accordance with this inveation; and

FIG. 2 is a longitudinal scctional vicw partly in clevation
of a completed slug made in accordance with the tcachings
of this invention. :

In FIG. 1, the cylindrical body 10 of uranium fits into the
cup-shaped jacket 12 of aluminum. The jacket 12 may have,
for example, a length of 9.5 inches, an outside diameter of
1.44 inches and an inside diameter of 1.368 inches, thus
having a wall thickness of approximately 0.036 inches.

It is necessary that the wall thickness of the jacket 12 be
kept relatively small because of the fact that the neutron
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absorption of the juckel, and thus the loss of neutrons to the
chain reaction ol the neutronic reactor, increases with the

quantity of aluminum present. The fissionable body 10 of
uranium or other fissionable material may be, lor example,
§ inches in length and, for example, 1.360 inches in diam-
eler. [ will be seen that the clearance between the [issionable
body 10 and the jacket 12 in the example given is extremely
small, being approximately 0.004 inches. The jacket 12 is
preferably chamfered at the mouth as at 14, and the fission-
able member 10 is preferably bevelled slightly at the edges
as al 16 1o allow convenient fitting of the fissionable member
10 into the jacket 12. The end cap 18 has approximately the
same diameter as the fissionable member 10, and preferably
has an axial boss 20 on the outer surface thereof for
convenient handling.

The elements described above and illustrated in the
drawing do pot in themselves constitute any portion of the
present invention. In FIG. 1 thece is illustrated, in addition
to the elements already described, a cup-shaped sleeve 22
preferably of steel, into which the jacket 12 is designed to fit
tightly. The sleeve 22 is likewise chamfered at its mouth as
at 24 to facilitate insertion of the jacket 12 therein.

In the method of the present invention, the jacket 12 is
first inserted into the sleeve 22, the bottom of jacket 12 then
resting at the bottom of the sleeve 22. Preferably, a ball, for
example of steel (not illustrated in the drawing) is then
inserted into the mouth of the jacket 12. The ball is of larger
diameter than the mouth of the jacket 12, and thus pressure
applied to the ball has the effect of slightly flanging the
mouth of the jacket 12 against the inner surface of the sleeve
22, and thus effectively sealing any clearance which may
exist between the jacket 12 and the sleeve 22 from the
molten bonding agent into which this assembly is subse-
quently plunged.

The assembly consisting of the jacket 12, slightly flanged
at the mouth as described above, and the sleeve 22 is then
plunged into a molten bath of an aluminum-silicon alloy.
Preferably, the bath has a silicon content of 11.2 to 11.5
percent and has a temperature of 590 to 596° C. The
materials, composition, and properties of the bath are not in
themselves the invention of the present inventor. It will be
understood further that the teachings of the present invention
are not limited to the particular bonding agent employed,
nor, indeed, to any particular configuration or materials for
the jacketed slug.

Upon being plunged into the bath of bonding material,
the jacket 12 fills with the bonding material, but its external
surface does not come into contact with the bonding material
because of the Hanging above described. Thercupon, the
uranium body 10, previously cleaned and prepared for
bonding by methods which constitute no part of the present
invention, is inscrted into the jacket 12. Preferably, this
operation is performed while the elements are completely
submerged in the bath of molten bonding matcrial. However,
for convenicnce, the mouth of the jacket 12 cneascd in the
sleeve 22 may be brought slightly above the surface of the
bath in order that the cnd of the uranium body 10 may be
successfully inscrted into the mouth of the jacket 12, the
matcrial of thc bonding bath being opaque. Howecver, it is
important that only a small portion of thc uranium be
inserted into the jacket before the whole assembly is plunged
back into the bath, whercin the uranium body 10 is allowed
to drop to the bottom of the jacket 12. Furthermore, if the
mouth of the jacket 12 is so slightly withdrawn momentarily,
the uranium body 10 should itsclf first be dipped into the
bonding bath. As stated above, the preferable manner of
performing the operation involves the insertion of the end of
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the body 10 into the jucket 12 while both elements are
completely submerged. The procedure involving slight with-
drawal ol the mouth of the jacket 12 (rom the bath for
purpuses ol visibility in commencing the insertion of the
uranium body 10 has been [ound, however, (o be permissible
provided that it is done with great speed, and provided
further that the uranium has first been wetted by the bonding
agent by immediately previous dipping as above described.
The vranium should be removed from the bath for such
commencement of insertion simultaneously with the expo-
sure of the mouth ol the jacket.

Upon completion of the insertion of the uranium body 10
into the jacket 12, while the assembly remains submerged,
the cap 18 is inserted, being held as by tongs gripping the
boss 20. The assembled piece is then removed from the bath
and transferred with tongs to a bath of cold flowing water in
a quench tank vatil the molten bonding agent is solidified.
The slug may then be removed from the sleeve 22 by merely
inverting the latter, since the interfaces between the jacket 12
and the sleeve 22 have not been exposed to the bonding bath.
Thereupon, the end cap 18 may be machined down in a lathe
to remove the boss 20 and any bonding agent which has
adhered to the outer face thercof. Tt will be seen that the
sleeve 22 serves the four-fold function of holding the jacket
in position for slug insertion, preventing the bonding agent
from fouling the outside of the jacket, supporting the thin-
walled jacket to prevent its deformation, and transferring
heat from the molten bath to the jacket.

The method ahove described produces a unitary slug
structure as illustrated in FIG. 2 of the drawing. It has been
found that this method produces a honding layer, designated
by the numeral 26, which is completely free of faults caused
by air gaps or impurities. The closure of the jacket may be
further assured by the weld between the cap 18 and the
jacket 12 at 30.

The teachings of this invention shall not be deemed to be
limited to the exact embodiment illustrated in the drawing
and described above. Equivalent methods utilizing the
teachings of this invention will be devised by persons skilled
in the art.

What is claimed is:

1. A method of jacketing a cylindrical body of uranium
within an aluminum cylindrical jacket having a cup-shaped
body having an open mouth at one end and a plug cap
cffecting closure at said end comprising the following steps:
inserting the cup-shaped aluminum body into a tightly fitting
cup-shaped steel sleeve coterminous therewith; flaring
slightly the mouth of said cup-shaped body to seal the mouth
of the body against thc mouth of the sleccve by pressing a

metal ball of larger diameter than said bodies into the 3

concentric mouths and thereafter removing the ball; immers-
ing said asscmbly in a molten bonding bath of aluminum
silicon having a silicon content of 11.2 to 11.5 percent at
590-596° C., allowing thc aluminum body to fill with
molten bonding matcrial; dipping the uranium into the
bonding bath; inscrting the uranium into the open cnd of said
asscmbly whilc under the surface of the bonding bath;
inscrting the plug cap in the open end of the asscmbly while
under the surtace of the bonding bath; removing the com-
pletc assembly from the bonding bath; quenching in cold
water; and removing the sleeve.

2. A method of jacketing a cylindrical body of fissionable
material within a cylindrical aluminum jacket having a
cup-shaped body having an open mouth at one end and a
plug cap clfecting closurc at said cnd comprising the fol-
lowing steps: inserting the cup-shaped body into a tightly
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litting cup-shaped sleeve colerminous  therewith; [laring
slightly the mouth of said cup-shaped body to seal the mouth
of the body against the mouth of the sleeve by pressing a
metal ball of larger diameter than said bodies into the
concentric mouths and thercafter removing the ball; com-.
pletely submerging said assembly in a molten bonding bath
consisting of an alloy of aluminum and silicon, allowing the
inner body (o fill with molien bonding malerial; dipping the
fissionable body into the bonding bath; inserting the fission-
able body into the open end of said assembly while under the
surface of the bonding bath; inserting the plug cap in the
open end of the assembly while under the surface of the
bonding bath; removing the complete assembly from the
boding bath; quenching in cold water; and removing the
sleeve.

3. A method of jacketing a body of fissionable material
within a nonfissionable jacket having a cup-shaped body
open at one end and a cap eflecting closure at said end
comprising the [ollowing sleps: inserting (he cup-shaped
body inlo a tightly fitting cup-shaped sleeve; completely
submerging said assembly in a bonding bath of a molten
melallic bonding malterial, allowing the inner body to [l
with molten bonding malerial; dipping the fissionable body
into the bonding bath; inserting the fissionable body iato the
open end of said assembly while under the surface of the
bonding bath; closing the open end of the assembly with the
cap while under the surface of the bonding bath; removing
the complete assembly from the boading bath; quenching in
cold water; and removing the sleeve.

4. In a process of jacketing a body of vranivm within, and
bonding said body to, an aluminum jacket, the steps of
completely submerging the body and the jacket in a bath of
molten bonding material consisting of an aluminum-silicon
alloy having a silicon content of 11.2 to 11.5 percent at a
temperature of 590-596° C., inserting the uranium body into
the aluminum jacket, both of said elements being so sub-
merged during substantially all of said insertion, withdraw-
ing the assembly so made from the bath, and solidifying the
molten bonding material.

5. 1n a process of jacketing a body of uranium within, and
bonding said body to, an aluminum jacket, the steps of
completely submerging the jacket and the body in a bath of
moliten bonding material consisting of an aluminum-silicon
alloy, withdrawing the uranium body from the bath, sub-
stantially simultaneously withdrawing a small opening por-
tion of the jacket from the bath to permit viewing thereof,
immediately inserting a small portion of the end of the body
into said opening, immediately thereafter completely sub-
merging said body and jacket and completing the insertion
of the body into the jacket, withdrawing the assembly so
made from the bath, and solidifying the molten bonding
material.

6. A method of jacketing a body of fissionable material

< within an aluminum jacket comprising the following steps:

completely submerging a jacket, enclosed in a tightly fitting
sleeve, the jacket having a flange sealing any clearance
between the jacket and the sleeve, in a molten bath consist-
ing of an alloy of aluminum and silicon; inserting the
fissionable body into the jacket, said fissionable body and
jacket being under the surface of the bath during substan-
tially all of said insertion; removing the assembly from the
bonding bath; solidifying the molten bonding material; and
removing said sleeve.



