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7 Claims. (Cl. 313-330) 
This invention relates to methods of producing 

a new and improved plate forined of different 
materials and to the plates thus formed. More 
particularly the invention relates to the produc 
tion of Copper-beryllium plates particularly-use 
ful as targets in cyclotrons. 

It has hitherto been the practice in preparing 
copper-beryllium plates for cyclotron targets to 
unite to a plate copper, strips of beryllium -se 
cured thereto by “easy-flo’ soldering under pres 
Sure. As these targets are designed to be 
bombarded with intense beams of deuterons it is 
important to insure the secure bonding of the 
beryllium to the copper in a good thermal junc 
tion, to the end that the heating of the beryllium 
target may be controlled by surface cooling of the 
copper plate by passing a stream of water there 
O). 

It has been discovered, however, ... that these 
targetS have a short life due to the rapid failure 
of the bond resulting from severe thermal stresses 
induced by the unequal co-efficients of thermal 
expansion involved and the frequent heating and 
cooling attendant the turning on and off of the 
deuteron beam. The targets burn out for when the 
bond between the copper plate and the beryllium 
strips is broken the thermal conductivity of the 
bond becomes so poor that the beryllium becomes 
Severely overheated and rapid target destruction 
follows. The result has often been that a run is 
continued long- after the target has unknowingly 
bene destroyed by the heat with a consequent 
loSs of bombardment time as well as exposing the 
Operating perSonnel to radiation by the deuterons 
which were no longer stopped by the beryllium 
target. The targets thus formed were destroyed 
after merely 20,000 microampere hours of 
bombardment. 
The present invention contemplates the use of 

metallurgy in the production of a new and im 
proved target. In accordance with the present 
invention a recess is milled in a thick copper plate 
and a thin layer of mixed copper and beryllium 
filings is placed therein. Over this layer is laid a 
Second layer composed of beryllium filings and the 
layers are united and alloyed under the heat and 
pressure. Beryllium filings rather than powder 
are used in Order to reduce oxidation. The tar 
gets produced by this method have proved to have 
lives in excess of 65,000 microampere hours not 
Withstanding the increase of the deuteron beam 
intensity to 250 microamperes. 

Accordingly it is one object of this invention 
to improve the process of manufacturing plates 
composed of different materials. 
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therein to a depth of 'A'. 

2 
It is another object of this invention to inprove 

the bond and thermal junction of plates com 
posed of different materials. 

It is, another object of this invention to pro 
vide an improved process for the manufacture 
of beryllium cyclotron targets. 

It is a further object of this invention to pro 
vide an improved beryllium cyclotron target. 

It is a further object of this invention to pro 
Vide: a process for manufacturing a new and in 
proved target composed of beryllium bonded to 
Copper. 

Further objects and advantages will be ap 
parent from the annexed specification in Which: 

Fig. 1 is a fragmentary elevation; partly in 
Section of a target in the process of manufacture. 

Fig. 2 is a plan view of a completed target. 
Fig. 3 is a cross-section of the finished target 

shown in Fig. 2. 
Referring particularly to Fig. 1, there is shown 

a target in the process of manufacture. A copper 
block 20 of cylindrical form and 3% inches in 
diameter by 1' thick had a target area 2 roughly 
rectangular in shape and 1% '' by 2% millied 

A thin layer 22 of 
copper filings mixed with a small amount of 
beryllium filings is then placed in the target area 
2f over which is laid a layer 23 of beryllium fil 
ings. Approximately 8 grams of beryllium-filings 
is used, which provides in the finished target a 
layer of approximately 0.06'' thick beryllium... 
A 16 million electron volt deuteron bean such 

as generated by the 60' cyclotron employed has 
a range of 150 mg./cm2. The equivalent density 
of beryllium being about 1.85gm./cm.?, 1 mm. of 
beryllium is equivalent to 185 mg./cm2 and 1% 
mm. (or 0.06') of beryllium therefore gives 275 
mg./cm. or 50% more absorber than is neces 
sary to stop the beam. The targets thus produced 
therefore have a safety factor of 50%. 
A plunger 24 having a face designed to fit the 

target area. 2 is provided and the block 2) is 
placed on the bed 25 of a suitable press and the 
powder is compressed. About 25 tons pressure is 
used. The pressure is then released and an 
asbestos strip 26 is placed over the target area and 
another asbestos strip 27 is placed under the 
block 20 to protect the bed 25. The pressure is 
again applied and simultaneously heat is applied 
by heating the plunger 24 to a bright led heat 
until the copper-beryllium alloy begins to flow 
from under the plunger. The heat is then re 
noved and the block is allowed to cool. During 
the heating, the pressure is reduced to 5 tons per 
Square inch and maintained at that point. 
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After the assembly has cooled it is removed and 
milled down to form the finished target 29. As 
shown in Figures 2 and 3, the finished target 
is "/s4 inch thick and has a target area, 28 filled 
as above described is inch deep. 
In the event it is desired to provide a strip of 

beryllium bonded to the target, the asbestos strip 
26 may be replaced by such a strip of beryllium 
which will also be heated to the flow point dur 
ing the process, thus welding it to the mat of 
Compressed beryllium filings. 
From the foregoing description it will be ap 

parent that the target 29 is composed of a plate 
of copper 30 containing a target area, 28 the 
upper layer of which is largely beryllium while 
the lower layer thereof is a copper-beryllium 
alloy. This structure provides a greatly im 
proved bond and insures a good thermal junc 
tion in the target. - 

It Will also be apparent that the above de 
scribed process results in the uniting of a strip 
of beryllium to a Strip of copper in a simple, 
economical manner without resorting to the suc 
CeSSive Sintering StepS hitherto employed. 
While there is described what is at present 

considered a preferred embodiment of the pres 
ent invention, it is apparent that various 
changes may be made without departing from 
the invention and it is intended to cover all such 
as come Within the true Scope and Spirit of the 
appended claims. 
What is claimed is: 
1. In a method of forming a target for bom 

bardment by a high energy beam and including 
a beryllium target material bonded to a body 
formed of copper, the steps which comprise po 
sitioning a body of said beryllium target mate 
rial on a body of copper and separated there 
from by a granulated layer composed of an al 
loyable mixture of copper and beryllium, and 
bonding said two bodies together by applying 
high pressure to Said bodies across said layer and 
heating Said layer to the flow point of said mix 
ture. 

2. A cyclotron target comprising a copper 
plate, a Solid layer of beryllium, and a solid layer 
of a beryllium copper alloy bonding said beryl 
lium layer to said copper plate. 

3. In a method of making a cyclotron target, 
the improvement which comprises placing a layer 
Composed of a mixture of copper and beryllium 
powder in a recess formed in a copper plate, 
placing a layer of beryllium powder over the 
layer composed of Said mixture, and pressing 
Said layers against Said copper plate under high 
temperature conditions, whereby the materials 
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4. 
in said layers fuse to form a solid layer of beryl 
lium bonded to said copper plate by an inter 
Vening Solid layer composed of beryllium and 
Copper. 

4. A cyclotron target comprising a copper 
block having a recess formed in one face thereof, 
a beryllium plate arranged in said recess, and 
a layer of copper and beryllium alloy bonded 
both to said block and to said plate. 

5. The method of making a cyclotron target 
Comprising placing a mixture of copper and 
beryllium filings in a recess formed in a copper 
block, placing a beryllium plate in said recess in 
engagement with Said mixture, and subjecting 
Said mixture to pressure between said block and 
Said plate under high temperature, whereby said 
mixture is fused into a coherent layer bonded 
both to said block and to said plate. 

6. In a process for the production of a cyclo 
tron target, the steps comprising disposing a 
layer of a mixture of copper and beryllium filings 
in a recess formed in a copper block, disposing 
a layer of beryllium filings over said mixture lay 
er, compacting said filing layers by the applica 
tion of pressure, and bonding the assembly com 
posed of Said block and said compacted layers by 
the application of heat and pressure, thereby 
producing a target having a beryllium surface 
which is bonded to a copper block by a beryllium 
Copper alloy. 

7. In a method for manufacturing a cyclotron 
target, the steps comprising disposing a layer 
Comprising a mixture of beryllium and copper 
filings in a recess formed in a copper block, plac 
ing a beryllium body in said recess and above 
Said layer, and applying heat and pressure si 
multaneously whereby said beryllium-copper fil 
ing layer fuses and flows to bond said beryllium 
body to said copper block. 

JOSEPH. G. HAMILTON. 
THOMAS M. PUTNAM. 
JACOB. E. WIENS. 

REFERENCES CITED 
The following references are of record in the 

file of this patent: 
UNITED STATES PATENTS 

Number Name Date 
1948,384 Lawrence ---------- Feb. 20, 1934 
2,096,924 Schwarzkopf ------- Oct. 26, 1937 
2,116,387 Driggs et al. --------- May 3, 1938 
2,329,320 Atlee -------------- Sept. 14, 1943 
2,359,361 GleSZer et al. -------- Oct. 3, 1944 
2,362,353 Cate --------------- Nov. 7, 1944 


