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[57] ABSTRACT 

A method of producing dense bodies of irradiated 
metal in various geometrical shapes to achieve near 
theoretical density specimens of such metal is pres~ 
ented. These specimens are excellent radiation sources 
of high speci?c activity for medical therapeutic and in 
dustrial radiographic applications. The process starts 
with a target metal which is encapsulated in a metallic 
jacket and irradiated with a flux suf?cient to convert a 
substantial portion of the target metal to a radioiso 
tope. The irradiated metal is removed from the capsule 
and a given amount of the irradiated metal sufficient to 
give a known energy output is segregated and either (a) 
are melted or (b) inductively cast to achieve a desired 
con?guration as a radiation source. The process gives 
irradiated metal with a very small focal point and a very 
high density. 

11 Claims, 2 Drawing Figures 
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DENSIFICATION 0F IRRADIATED METAL 

BACKGROUND OF THE INVENTION 

Development of production-size gamma irradiation 
facilities has created a fresh approach to industrial pro 
cessing that meets the demand of modern manufactur~ 
ers. This equipment provides a tool of controlled irradi 
ation intensity with the potential for creating new prod 
ucts and new processing operations. 

Irradiation produces changes in materials that are 
often impossible to duplicate with other manufacturing 
methods. Through a process called “ionization”, en 
ergy emitted from radioactive isotopes causes certain 
effects that are desirable in a variety of manufacturing 
and processingoperations. ' 

For example, ionization kills bacteria and produces 
chemical changes in many organic substances. Thus, 
irradiation processing can be used for a variety of in 
dustrial and other purposes, such as sterilizing medical 
supplies and foodstuffs, increasing the storage life of 
fresh foods, improving the physical properties of com 
mercial plastics and ef?ciently producing bulk chemi 
cals. 
One of the most attractive forms of ionizing energy 

used in large scale production is gamma irradiation. It 
utilizes “gamma rays” emitted from a variety of radio 
active isotopes. Of these, cobalt-60 seems particularly 
well suited for industrial and other uses. 
The cobalt-60 radioisotope is widely used for medical 

therapy, especially cancer therapy. In cancer therapy, 
the cobalt-60 source must have a con?guration which 
furnishes a high intensity output and a small localized 
focal point. This requires a cobalt-60 source having a 
small volume with high intensity output per given vol 
ume. 

Current methods of fabricating sealed sources from 
irradiated metal include making wafers (?at disks of 1 
mm. in thickness and 1 to 2 cm. in diameter) and stack 
ing the wafers in a source body (usually a stainless steel 
cylindrical can). Another method involves placing a 
given weight of loosely packed pellets of irradiated 
metal in a source body (again usually a. stainless steel 
cylindrical can). The use of wafers limits the con?gura 
tion of the sealed source which limits the ?exibility in 
?nal intensity output of the sealed source. Wafers of 
target metals have poor activation capabilities, i.e., 
poor ability to absorb neutrons as a target material dur 
ing exposure to neutron ?uxes. To overcome the draw 
backs with wafers, the cylindrical can is ?lled with irra 
diated pellets (right cylinders of 1 mm. in diameter and 
1 mm. in height). This gives more flexibility to the con 
figuration of the source and gives good activation capa 
bilities. But the use of pellets introduces the problem of 
low density of the irradiated metal per given volume 
due to the uniform shape of the pellets. 
Use of fabrication techniques involving melting has 

been avoided by the prior art due to problems with con 
tamination of the surrounding environment with the ir 
radiated metal (called contamination spread) and con 
tamination of the irradiated metal itself such as with ox 
ides. 
Accordingly it has remained desirable to have a pro 

cess for fabricating dense geometrical shapes of irradi 
ated metal to achieve near theoretical density speci 
mens. This process should include the desirable fea 
tures of the prior art process using pellets, namely good 
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2 
activation of the target material and ?exible con?gura 
tion of the irradiated metal. 

SUMMARY OF THE INVENTION 

It is accordingly an object of this invention to provide 
irradiated metallic specimens of a high density, prefera 
bly a density of at least 95 percent of theoretical den 
sity. 
Another object of this invention is to achieve irradi 

ated metallic specimens having very small focal points 
to enable concentration of the radiation intensity. 
A still further object of this invention is to provide a 

process for producing a dense cobalt-60 radioisotope in 
various con?gurations while minimizing contamination 
spread and contamination of the cobalt-6O. ' 
The foregoing and related objects will be apparent to 

a person skilled in the art from a reading of the follow 
ing speci?cation and the appended claims. 

It has been discovered that irradiated metallic speci 
mens having very high density and possessing desirable 
radiation focal points can be achieved using the process 
of the present invention. The process starts with parti 
cles of the metal in an unirradiated condition (target 
metal) and encapsulates the particles of target metal in 
a thin metallic annulus promoting the absorption of 
neutrons throughout the target metal. During the re 
mainder of the process the target metal is enclosed in 
shielded zones to con?ne radioactive energy release. 
Next the encapsulated target metal is subjected to irra 
diation sufficient to enable some of the atoms of the 
metal to capture neutrons and the irradiated metal is 
removed from the aluminum encapsulation. A given 
weight of the irradiated metal suf?cient to provide a 
known irradiation output is measured and the irradi 
ated metal is subjected to sufficient thermal energy to 
be liqui?ed and then solidi?ed in a desired shape. The 
irradiated metal thus treated is ready to be positioned 
in a source holder. 

The important steps of the process are the liqui?ca 
tion and solidi?cation steps which achieve the densi? 
cation and impart the desired shape to the irradiated 
metal. It has been found that there are two preferred 
practices of these steps as follows: (l) are melting the 
irradiated metal with solidi?cation in a crucible of de 
sired shape or (2) induction casting of the irradiated 
metal with solidi?cation in a crucible of desired shape. 
These two preferred practices produce irradiated metal 
specimens of very high densities. 

DETAILED DESCRIPTION OF THE INVENTION 
In greater detail, the present invention provides a 

process for the densi?cation of any metallic radioiso 
topes with a melting point up to about 2,000°C to pro 
vide approximately theoretical density specimens of 
such irradiated metal in various con?gurations. This 
process enables an improved radioisotope product for 

V use in sealed sources having con?gurations giving very 
small radiation focal points of very high intensity. 

In general the process will be described by using un 
derlined headings corresponding to the process steps 
given in the flow chart of FIG. 1. In general the process 
begins with the unirradiated commercially available 
metal (target metal) corresponding to the desired me~ 
tallic radioisotope (e.g., cobalt-59 when cobalt-60 is 
the desired radioisotope and iron-58 when iron-59 is 
the desired radioisotope). The target metal may have 
one or more coatings on the metal especially where it 
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is desirable to prevent oxidation of the metal or possi 
ble loss of the metal such as through vaporization. It is 
preferable to have the metal in the form of dense pel 
lets such as platelets or small cylinders and metals un 
available in this form such as powders are converted to 
such compacted pellets. The target metal is preferably 
in the form of pellets having a geometrical con?gura 
tion of a right cylinder of 1 mm. in diameter by 1 mm. 
in height. 

ENCAPSULATE TARGET METAL IN METALLIC 
JACKET 

The metal pellets are first encapsulated in a metal 
jacket such as between two concentric aluminum cylin 
ders to form a capsule with the thickness of the metal 
pellet annulus being about 0.050 to about 0.100 inches, 
The aluminum cylinders are joined by welding. The 
aluminum cylinders enable the metal pellets to absorb 
neutrons throughout the metal whereas with geometri 
cal configuration of thicker cross sections, the metal 
pellets would not be uniformly activated (pellets in the 
center of thick cross sections would not absorb neu 
trons as readily). In general it is preferred that the alu 
minum cylinders be about 0.03 to about 0.04 inches in 
thickness. 
From this point careful handling of the capsule with 

the included metal is necessary as the metal becomes 
radioactive in later processing. Accordingly, the cap 
sule is preferably kept in shielded zones and manipu 
lated by conventional remote control instruments and 
manipulators. 

IRRADIATE TARGET METAL 

The capsule of aluminum encapsulated metal pellets 
is next enclosed in a chamber and subjected to irradia 
tion. Generally the ?ux of the irradiation applied is suf 
ficient so the encapsulated metal will absorb neutrons 
throughout so that a substantial portion of the metal is 
converted to a radioisotope and emits radioactive en 
ergy. By way of example when the encapsulated metal 
pellets are cobalt-59, a flux of at least about 4 X 10“ 
neutrons per square centimeter per second is applied 
which converts a substantial portion of the cobalt-59 to 
the cobalt-60 radioisotope. 

REMOVE METALLIC RADIOISOTOPE FROM 
METALLIC JACKET 

The metallic radioisotope is removed from the cap 
sule by various means such as by cutting through the 
aluminum jacket and prying open the jacket so that the 
radioisotope pellets are released (again by use of re 
mote control instruments in a shielded zone due to the 
radioactive nature of the irradiated metal). 

MEASURE DESIRED WEIGHT OF RADIOISOTOPE 

The ultimate use of the irradiated metal will dictate 
the quantity of metal needed to give a known intensity 
output. For example for radiography applications a 
sealed source is used which has up to about 4 grams of 
irradiated metal such as cobalt-60 in a given con?gura 
tion sealed in a stainless steel holder. Accordingly the 
desired weight of irradiated metal is measured for liqui 
fication and solidification in the desired shape for the 
sealed source. 

LIQUIFY AND SOLIDIFY THE RADIOISOTOPE 

The desired weight of the irradiated metal pellets is 
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4 
solidi?ed to a given shape by a liquification 
solidification sequence which achieves densification. 
The radioisotope pellets are subjected to sufficient 
thermal energy to be liqui?ed and are then solidi?ed in 
a desired shape. The metal is heated in one practice to 
a sufficient temperature by arc melting in a metallic or 
ceramic crucible using a heliarc torch under a con 
trolled atmosphere. In another practice the irradiated 
metal is induction cast at a suf?cient temperature in a 
metallic or ceramic crucible with the heating being 
done by inductive coils surrounding the crucible under 
a controlled atmosphere. 
The liquification and solidi?cation are conducted in 

“hot cells” which are highly shielded, controlled atmo 
sphere enclosures with lead glass Windows to enable 
viewing the process. The hot cells are equipped with 
externally manipulated mechanical instruments for, 
conducting the process. The incoming atmosphere is 
controlled for moisture content and the atmosphere 
withdrawn from the hot cell is run through a high ef? 
ciency ?lter to remove all radioactive particles. The liq 
ui?cation and solidi?cation steps are conducted within 
controlled temperature ranges generally no higher than 
about 100°C above the melting point of the metallic ra 
dioisotope to avoid vaporization of the radioisotope. 
An especially preferred process of the present inven 

tion is the conversion of cobalt-59 to cobalt-60. The 
process begins using a metallic coated cobalt-59 such 
as a nickel coated cobalt59 which is in the form of pel 
lets preferably in the shape of right cylinders having the 
dimensions of 1 mm. in height and 1 mm. in diameter. 
The pellets of cobalt-59 are encapsulated between two 
concentric aluminum cylinders with the thickness of 
the cobalt annulus being about 0.050 to about 0.100 
inches. The encapsulated cobalt-59 is irradiated with a 
flux of at least about 4 X 1014 neutrons per square centi 
meter per second for a time period of about 1 year to 
about 3 years. After irradiation the cobalt is removed 
from within the aluminum encapsulation. A given 
weight of irradiated metal sufficient to give a known ir 
radiation intensity output is segregated, liqui?ed and 
solidi?ed to the con?guration desired. The liqui?cation 
and solidification are accomplished by either (1) arc 
melting the cobalt-60 in a copper crucible (e.g., a cru 
cible having a spherical shape) using a heliarc torch at 
a temperature of about l,500° to about 1600° C under 
a controlled atmosphere (e.g., argon, nitrogen, helium) 
or (2) induction casting the cobalt-60 in a ceramic (Al 
2O3) crucible with heating being done by high fre 
quency inductive coils surrounding the crucible at a 
temperature of about l,500° to about 1,600” C under 
a controlled atmosphere (e.g., argon or vacuum). The 
cobalt radioisotope is then allowed to solidify in the 
crucible. 
The liqui?cation and solidi?cation are conducted in 

a hot cell which is a highly shielded, controlled atmo 
sphere enclosure with a lead glass window to enable 
viewing the process. The hot cell is equipped with ex 
ternally manipulated mechanical instruments for con 
ducting the process. The incoming atmosphere is con 
trolled for moisture content and the atmosphere with 
drawn from the hot cell is run through a high ef?ciency 
filter to remove all radioactive particles. The liqui?ca 
tion and solidi?cation steps vare conducted within the 
foregoing temperature range to avoid vaporization of 
the cobalt-60. The solidified cobalt-60 shape is ready 
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to be placed in a source holder such as a stainless steel 
source holder. 

FIG. 2 presents the relationship between the size of 
the metallic radioisotope body and the weight of the ra 
dioisotope in the body for a spherical con?guration 
when the irradiated metal is cobalt. The irradiated 
metal containing bodies for which this relationship is 
presented are produced by are melting. 

in the following portion of the speci?cation, an ex 
ample of the process of this invention is given for the 
purpose of more fully illustrating the invention and is 
not to serve in any manner as a limitation on the teach 
ing of the invention. 

EXAMPLE 
Fifty. grams of nickel coated cobalt-59 pellets in the 

form of right cylinders of 1 mm. in diameter and 1 mm. 
in height were encapsulated between two hollow alumi 
num cylinders to form a capsule with the pellet annulus 
being 0.050 inches in thickness. The outer aluminum 
cylinder has an outside diameter of 1.125 inches and an 
inside diameter of 1.095 inches and the inner alumi 
num cylinder has an outside diameter of 0.995 inches 
and an inside diameter of 0.965 inches. The height of 
the capsule is 4 inches. The capsule was then placed in 
an irradiation chamber and irradiated with a flux of 4.5 
X 1014 neutrons per square centimeter of surface area 
of the metal per second for one year. Using remotely 
operated tools on the capsule in the chamber, the co 
balt was removed from the aluminum encapsulation. 
Four samples were then taken from the 50 grams of ir 
radiated pellets. The weight of irradiated cobalt for 
each sample is given in the table below. Samples A and 
B were are melted in a copper crucible at a tempera 
ture in the range of l,500° to l,530°C under an argon 
atmosphere using a heliarc torch. Samples C and D 
were induction cast in an alumina crucible at a temper~ 
ature in the range of l,500° to 1,530°C under vacuum. 
Heating of the alumina crucible is done by high fre 
quency inductive coils surrounding the crucible. The 
following table gives the resulting densities of the four 
samples of cobalt-60 as a percent of theoretical density. 

TABLE 

lnitial 
Initial density 
weight of sample Final density 
of as 
pellets percent as percent of 
in of 
each theoreti- ?nal weight theoretical 
sample cal 

Sample (grams) density of samples density 
A 342] 55% .3421 96% 
B .3481 55% .3445 96% 
C 3470 55% .34l9 96% 
D 3448 55% .3432 96% 

It will be understood that this invention is not to be 

10 

20 

25 

30 

35 

45 

55 

60 

65 

6 
limited to the details given herein but that it may be 
modified within the scope of the appended claims. 
What is claimed is: 
l. A method of producing dense specimens of metal 

lic radioactive bodies from a corresponding target 
metal comprising the steps of 

a. encapsulating the target metal in a metallic jacket 
to form a thin cross section of the target metal, 

b. irradiating the encapsulated target metal with a 
neutron ?ux sufficient to convert a substantial por 
tion of the target metal to a radioisotope, 

c. removing the irradiated metal from the metallic 
jacket, 

d. liquifying a measured weight of the irradiated 
metal sufficient to give a known radiation output, 
and 

e. solidifying the irradiated metal in the desired con 
figuration. 

2. A method according to claim 1 in which the liqui? 
cation step is performed by are melting the metal in a 
crucible under a controlled atmosphere. 

3. A method according to claim 1 in which the liquif 
cation step is performed by induction casting the metal 
in a crucible under a controlled atmosphere. 

4. A method according to claim 1 in which the per 
cursor metal is cobalt-59 and the radioisotope is cobalt‘ 
60. 

5. A method according to claim 1 in which the per~ 
cursor metal is iron-58 and the radioisotope is iron-5 9. 

6. A method of producing dense specimens contain 
ing metallic radioisotopes of desired configuration 
from a given weight of pellets of the irradiated metal 
comprising the steps of 

a. liquifying the given weight of pellets of the irradi 
ated metal, and 

b. solidifying the irradiated metal in the desired con 
figuration. 

7. A method according to claim 6 in which the liqui? 
cation step is performed by arc melting the irradiated 
metal in a crucible under a controlled atmosphere. 

8. A method according to claim 6 in which the liqui? 
cation step is performed by induction casting the irradi 
ated metal in a crucible under a controlled atmosphere. 

9. A method according to claim 1 in which the irradi 
ation of the target metal is conducted at a flux of at 
least about 4 X 10“ neutrons per square centimeter per 
second. 

10. A method according to claim 1 in which the liqui~ 
fication step is conducted at a temperature in the range 
of about l,500° to about l,600°C for an irradiated 
metal of cobalt. 

11. A method according to claim 1 in which the me 
tallic jacket is comprised of aluminum. 

* * =0! 1* ll! 
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