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This invention relates to the production of 
radioactive materials by bombardment With high 
velocity Sub-atomic particles and more par 
ticularly to a method of preparing radioelements 
Such as, for example, radioiodine by bombard 
ment with a stream of deuterons in a cyclotron. 
The invention further relates to an improved 
target for use in such a method. 
In recent years there has been considerable 

interest in the production of radioactive isotopes : 
of various elements by bombardment of a Suitable 
target placed in a stream of high-velocity sub 
atomic particles produced, for example, by a 
cyclotron. Radioelements may be prepared by 
bombardment with particles such as deuterons 
Or protons of a target composed of or comprising 
an element suitably selected to cause a nuclear 
reaction producing the desired radioactive iso 
tope. The target element may be the same ele 
ment as the radioisotope produced or may be a 
different element. In cases where the bombard 
ing particles are produced by a cyclotron, the 
target may be inserted into the cyclotron casing 
where the intensity and energy of the beam of 
particles are relatively high or the beam may 2. 
be brought out of the cyclotron through a suit 
able window or opening and caused to impinge 
on the target at a point outside the cyclotron 
casing. In most cases greater efficiency can be 
obtained by inserting the target into the cy 
clotron and in some cases the desired nuclear 
reaction will not proceed at all or will proceed 
only to a negligible extent unless the target is 
So inserted. 

. Due to the Severe conditions existing within 
the cyclotron during bombardment, i. e. the 
high energy level and intensity of the beam, the 
preparation of suitable targets has presented a 
Serious problem, particularly in those cases where 
unusually high energies are required to cause 
the nuclear reaction producing the desired radio 
element to proceed, and bombardment within the 
cyclotron is mandatory if reasonably efficient 
conversions are to be obtained. 
The character of the beam is such that it tends 

to heat the target to very high temperatures 
which may fuse or vaporize one or more com 
ponents of the target and the physical impact of 
the bombarding particles tends to cause mechan 
lical disintegration of the target. In order to ob 
tain desirable yields of radioactive materials in 
Such cases, the target should be sufficiently re 
fractory to withstand the high temperatures gen 
erated by the incident beam without melting, 
vaporizing, or decomposing chemically and should 
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be sufficiently coherent to withstand the in 
pact of the bombarding particles without me 
chanical disintegration. 

For the purpose of reducing undesired temper 
atuire effects it has been the common practice 
to prepare targets comprising a relatively thin 
layer of the material to be bombarded on a heat 
conductive base, and to cool the base and associ 
ated layer with a rapidly flowing Stream of cool 
ing water. However the energy of the incident 
bean is so great that even when an attempt is 
made to cool the target in this manner, the target 
temperatures rises to Waiues Sufficient to vaporize 
many elements and compounds. 

It is apparent that mechanical disintegration 
of the target should be avoided if high yields of 
the radioelement are to be obtained. When such 
disintegration occurs the target material may 
be Scattered by impact of the incident particles. 

i Furthermore, since atoms of the radioactive ma 
terial are formed by collision of the bombarding 
particles, With atoms of the target element, it is 
evident that when the target material lacks co 
herence the probability that an atom of the 
radioactive material will be scattered is rela 
tively greater than the probability that an atom 
of the target element will be scattered. 
One of the radioisotopes that is of consider 

able interest is radioiodine (I31) which has a half 
life of 8 days. This isotope of iodine may be used 
for a variety of purposes including, for example, 
its use as a "tracer' in pathological studies of 
the utilization of iodine by the human body. In 
preparing radioiodine it has been customary to 
bombard a target comprising an alloy of copper, 
cobalt and tellurium containing somewhat more 
than 50% tellurium with a stream of high-veloc 
ity deuterons in a cyclotron. Several nuclear 
reactions occur which may be represented by the 
following equations, the first reaction being the 
predominant one. 

Tel30--H2=1131--n 
Tel30--H2-130-2n 
Tel30--H2 =H1--Tel31-131 --g 

A relatively high energy beam is required to cause 
these reactions to proceed satisfactorily and 
therefore the reactions are desirably carried out 
within the cyclotron. 
The conventional copper-cobalt-tellurium tar 

get has the advantage that it contains a rela 
tively large proportion of tellurium. However 
its physical character is such that a considerable 
portion of the activity in the target is either 
vaporized or otherwise dissipated during exposure 
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of the target to the cyclotron beam and therefore 
the yield of radioiodine using such a target is 
relatively low. 

It is an object of the present invention to pro 
vide an improved target for use in the production 
of radioiodine by bombardment of tellurium with 
high-velocity Sub-atomic particles. 

It is a further object of the invention to pro 
vide a target containing tellurium that is rela 
tively refractory to the temperatures generated 
during boroadment by a stream of high energy 
deuterons and that is sufficiently coherent to 
prevent disintegration by impact of the deu 
terons. 

It is still another object of the invention to 
provide a method of making such a target. 

It is a still further object of the invention to 
provide a method of producing radioiodine 
and/or other radioelements by bombardment of a 
target comprising thailous tellurite. 
Other objects of the invention will be in part 

"obvious and in part pointed out hereinafter. 
In one of its broader aspects the present in 

vention comprises an improved target for use in 
the production of radioisotopes of iodine and/or 
keither elements by bombardment with high-ve 
locity sub-atomic particles. Such as deuterons, the 
target comprising a heat-conductive base having 
a relatively thin, adherent layer of thalliuin tel 
lurite thereon. It has been found that thallous 3 
tellurite when pl'operly applied to a Suitable Sup 
porting base is unusually resistant to the condi 
tions existing within a cyclotron during bom 
bardment and that a relatively high yield of 
.radioiodine may be obtained when this material : 
is used as a target. 
The thallous tellurite is preferably used in the 

form of a relatively thin, vitreous layer on a heat 
conducting base such as copper. The optimum 
thickness of the layer is largely determined by 
the characteristics of the bombarding particles 
and the layer should be of such a thickneSS as to 
utilize these particles with maximum effective 
iness. As the bombarding particles penetrate the 
-target layer their energies decrease, and the re 
duction of energy is a function of the distance 
the particles penetrate. On the one hand the 
layer of target material should be sufficiently 
thick to fully utilize the energy of the bombard 
sing particles, i. e. thick enough to reduce the 
energy of the bombarding particles to the thresh 
ield energy for the desired nuclear reaction. On 
:the other hand the layer should be made rela 
tively thin so that it may be more readily cooled 
by the cooling water brought into contact with 
the heat-conductive base and so that the spe 
-cific activity produced will be high. If the layer 
is made too thick, the inner portion of the target 
telement serves no useful purpose and acts in 
effect as a diluent to reduce the activity pro 
duced per unit weight of material. This point is 
particularly important where the target element 
is the same element as the radioisotope result 
ing from the nuclear reaction. Where the radio 
isotope produced is a different element from the 
*target element it may usually be separated there 
from and concentrated by chemical means. 
The target as described above is preferably 

mounted on a conventional water-cooled probe. 
The particular structure of the probe forms no 
part of the present invention and any of various 
known probes may be used such as, for example, 
those described by Livingston, "Journal of Ap 
plied Physics," volume 15, Number 2, pages 128 to 

s 

O 

3. 5 

d) 

50 

60 

35 

70 

centimeter of copper plate. 

4. 
of the present invention the following specific 
example is given of a preferred method of making 
the target of the present invention and of a suit 
able mounting for the target. In this specific 
example reference Will be made to the accorn 
panying dra Wing wherein Figure 1 is a top plan 
view of a target and probe and Figure 2 is a ver 
tical section taken on the line2-2 of Figure 1. 

Referring to the drawing the probe comprises a 
hollow chamber to made of a suitable heat-con 
ductive material such as copper. The interior 
of chamber 0 is supplied with water by an inlet 
tube 2 and Water is withdrawn from the chan 
ber 0 through an outlet tube 4 in such manner 
that the walls of the chamber O are continuously 
COOled. 
The target proper, generally designated f, is 

affixed to the upper surface of the chamber 0 
and comprises a thin copper plate 8 which 
may be, for example, inch square and is inch 
thick. The upper surface' of plate 8 is provided 
with a series of V-shaped ridges or notches 20. 
The sides of the ridges 20 form an ange of about 
45' with the surface of the plate and approxi 
mately 50 ridges are used. 
The plate 8 forms a heat-iconductive base for 

a layer of target material 22 which is preferably 
applied to the base f8 before the base is secure 
to the probe chamber 10. Application of the 
target material .22 to the base 8 is effected by 
Spreading a relatively thin layer of thallous tellu 
rate (TITFeO4) on the ridged surface of the base 
and then heating the base and tellirate layer 
to a tenperature of about 800° C. to convert the 
tellurate into a tellurite (TITeG)3). The quantity 
of material used is such as to give a serie 
layer of approximately 2.03milligrams per square 

The tellurite fuses 
to form a coherent vitreous mass that adheres 
strongly to the Copper base. The target as thus 
formed is then affixed to the top of probe chain 
ber --0 in any suitable manner such as by soldiers 
ing and the probe and associated target, are ia 
(serted in the cyclotron. 
The target layer is preferably so positieshed as 

to form a relatively small angle with the plane 
of the beam, i. e. the angle ef incidence of the 
beam should desirably be of the erder of 80. 
Furthermore the target should be arranged 
lengthwise with respect to the beam so that the 
iridges are -approximately parallel to the bean 
and a maximum surface of the target haterial 
-is exposed to the beam. 
The target is then exposed to a beata of 95 

M. E. V. deuterons having an intensity of about 
one kilowatt for a period of time suitcient te 
produce the desired activity of radioiotine. It 
has been found that an activity-ef about 0:05 in 
licurie per hour of exposure may be obtainee. 
The activity obtained tinder similar oorieities 
using a copper-cobalt-tekuriurn target varies 
somewhat with the characteristics of the per 
'ticular cyclotron used but in general is of the 
order of one tenth to one half of the activity 
obtained with the target of the presentinvertion. 

It is to be understodd that the foregoirig de 
scription is illustrative only and that various 
changes might be made therein and in the scope 
of application of the present invention. Thus 
the target described above may be bombarded 
with other types of particles such as alpha parti 
cles and protons and a variety of nuclear reac 
tions may be carried out. By an appropriate 
choice of bombarding particles and beam energies 

47. In order to point out more fully the nature 75 the target of the present invention may be tised 
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in the production of radioisotopes of elements 
such as antimony, xenon, mercury, thallium, lead 
and bismuth. In general the present target may 
be used in conjunction with known nuclear re 
actions to produce radioisotopes of elements hav 
ing the atomic numbers 51, 52, 53, 54, 80, 81, 82 
and 83. 
Since many embodiments might be made of 

the above-described invention and since many 
changes might be made in the embodiment de 
scribed, it is to be understood that the foregoing 
description is to be interpreted as illustrative only 
and not in a limiting sense. 
I claim: 
1. A target for use in the production of radio 

isotopes of elements selected from the group hav 
ing the atomic numbers 51 through 54 and 80 
through 83 by bombardment with high-velocity 
sub-atomic particles, said target comprising a 
heat-conductive base having a relatively thin, 
adherent layer of a thallium tellurite thereon. 

2. A target for use in the production of radio 
iodine by bombardment of tellurium with high 
velocity Sub-atomic particles, Said target cOn 
prising a heat-conductive base having a relative 
ly thin, adherent layer of thallous tellurite there 
O. 

3. A target for use in the production of radio 
iodine by bombardment of tellurium with high 
velocity deuterons, said target comprising a cop 
per base having a relatively thin, vitreous layer of 
thallous tellurite thereon. 

4. A target for use in the production of radio 
iodine by bombardment of tellurium with high 
velocity deuterons, said target comprising a cop 
per base having a ridged surface, said ridged sur 
face having thereon a vitreous layer of thallous 
tellurite of such thickness as to reduce the energy 
of said deuterons to a value just below the thresh 
old energy for production of radioiodine from 
tellurium. 

5. A method of making a target for bombard 
ment with high-velocity sub-atomic particles 
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6 
comprising the steps of coating a heat-conductive 
base with a relatively thin layer of thallous tel 
lurate and heating said base and tellurate layer to 
convert said tellurate into a firmly adherent, 
vitreous layer of thallous tellurite. 

6. A method of making a target for bombard 
ment with high-velocity sub-atomic particles com 
prising the steps of coating a heat-conductive 
base with a relatively thin layer of thallous tel 
lurate and heating said base and tellurate layer 
to a temperature of about 800° C. to convert said 
tellurate into a firmly adherent, vitreous layer of 
thallous tellurite. 

7. A method of making a target for production 
of radioiodine by bombardment with high-velocity 
sub-atomic particles comprising the steps of coat 
ing the ridged surface of a copper plate with a 
relatively thin layer of thallous tellurate and 
heating said base and tellurate layer to form a 
firmly adherent, vitreous layer of thallous tellurite, 
the quantity of said tellurate applied being such 
as to give a tellurite layer of such a thickness as to 
reduce the energy of Said particles to a value just 
below the threshold energy for production of 
radioiodine. 
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