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Thisinventionrelatestoa method ofgom pacting metals,sugh as thorium,uranium, 
zirconium and the like. - 
Therarerefractory metals,thorium,urani 

um,zirconium and the like have a strong 
afinity for oxygen,nitrogen,andothergases, 
and when thüs contaminated are dificült to 
mechanicalywork._Furthermore,thesemet 
als cannot be heatedin the presence of oxy 
gen without.contamination,and when th's Contaminated they gannot be_satisfactorily 
fabricated bythe ordinary mechanical work 
ingprocessesin orderto.compagtthe Same. 

Itisespecially desirable in the use of such 
metals as thorium and uranium as target 
materialin X-raytubes,that the metal be as? 
compact asis possible_to obtain. The more 
compact the metalis the greater will be the 9utput_of X-rays.,Furthermore,ngt.only 
isthe X-rayoutputincreased butinaddition, 
the thermalconductivityisgreatlyincreased, 
since the more free the metalis of voids the 
greater will beits heat gonductivity. 
Inview ofthe foregoingitis an object of 

my invention to provide a method of manu 
facturing a very compact body of a rare re 
fractory metal. 
A more specific object of my invention is 

to provide a method of compactingthorium. 
Other objects of theinvention will become apparent asthe folowing descriptionisread 

in conjunction with the accompanying draw 
ings,in which: 
Fig, is $vertichlsegtion of slugofa 

relativelysoft metal containing the metalto 
be compacted; 
Fig,2is.a transverse section of the slug 

shownin Fig.1;and 
Fig 8 is a vertica section of the slug of m? ina hydraulic press. 
Theinvention briefystated comprisessub 

jectingthemetalto be compactedto compres 
sionwhile constrainingthemetalduringsuch 
compression More.specificaly this is ac 
complished byenclosingthemetalto be com 
pagted in a Soft metal Casing Sugh as lead 
and inserting the slug and c5ntained metal 
in a mold ofiron and thereafter subjecting 
the slug to the compressive action of a 
? while permittingthe softer metalto ow up and aroundthe plunger. 
Referring to the drawings for a better 

understanding_of my invention.a lead slug 
4 approximately one inch in diameter and 
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about_1.5inches_long may be cast and a hole ?drilledcentralyandlongitudinalythereof. 
The holemay preferably be of such sizethat 
the metal6tobe compactedfitsthe Same fair 
ly snugly. The slugand the contained metal 
maythenbe placedin aniron mold7 ofa size 
to_ft_the slüg therein. The mold and con tainedslugmaythenbepositioned onthebed 
plate8 of a hydraulic press 9 and a plunger 
11 of the press thereafter inserted into üe 9penend12ofthemold Theplungershould 
be of sugh size with respect to theopeningin, 
the mold thatit leaves a_space of about ?^ 
o an inch around the plunger. A pressire 
O?.2 tons per Square inch may_first be ap 
plied and this pressure gradualy increased 
tQ approximately 90 tons per square inch. 
The lead,uponincreasing the pressure,is 
extrudedaroundtheplungerinthe form ofa 
tube.18(shownin dottedoutline),while the 
thorium takes the form indicated in dotted 
lines 14 in Fig.3. The deformation of the 
thorum.ogcurs under the restraining but yieldinginfuenge ofthesurroundingleadand 
Compressed bodies thus formed are found 
to besnooth without anyevidence of crack ing Theleadcasingmaybereadilystripped 
from the compacted metal. 

It further appears that a pressed or com 
pacted thorium slug prepared in accordance 
with the foregoing method_may be further 
Compacted without the employment of a re 
Strainingmetalsince [havetakensucha com 
pacted piece of metal and subjected the same 
to furthergompression. Thislatterstep may 
be found desirable ifitis preferable to ob 
tain a perfectly Snooth body free from any 
irregularities produced by the lead. 
Although I have.specifed the employment 

ofanironmolditmaybe desirableto dispense 
with the mold andmerelyenclosethethorium 
or 9therrare refractory metalina soft metal, 
such as lead,aluminum or_copper and direct 
ly press the samein a hydraülio press, 
Itwillbeapparentfrom theforegoingthat 

the principal feature underlying my inven 
tionisto Compressthe metalsundersuch Con 
ditions thatits freedom to fowisyieldingly 
Opposed,preferably bythe employment ofa 
SOfter surrounding metal,and thus avoidthe 
formation of cracks in the compacted metal. 
As an alternative method for compacting 

such.metals asthorium without cracking,the thoriummetalmaybeworked coldinaccord 
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ancewiththeusualswagingprocessto apoint 
where hair line Cracks begin to show,This 
material,after machiningto uniform diame 
ter,may be placedin a mold slightly larger 
and subjected to a pressure of about 180tons 
per squareinch.,The thorium flows untilit 
occupies_the entire internal Cross-section of 
the mold. A piece ofthorium 80.5 milime 
tersiong and having a diameter of 9.8 mili 
meters and weight of 23.15 grams will be 
found,after beingtreatedinaccordangewith 
the foregoing process,to increase in density 
from11.18to l1.23. 

Still another method of compacting the 
metal is to employ a succession of molds so 
graduated that the deformation in each will 
not be suficient to Cause Cracking before the 
sides ofthe mold Constrainsthe edges. This 
method,though Satisfactory,is tedious and 
expensive. 

Modifications of the invention may ocCur 
to those skilledinthe art,but such modifica 
tions are contemplated as come within the 
spirit and scope of my invention as defined 
in the appended claims. 
Whatis claimedis: 
1. The method of compacting a rare re 

fractory metal which comprises subjecting 
the metalin a coherent state to pressure and 
yieldingly restraining the flow of the metal 
while being pressed. 

2. The method of compactingthorium and 
thelikewhich comprisessubjectingthemetal 
ina coherent state to pressure andyieldingly 

?nQVing the lead. 
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restrainingthe fow ofthe metalwhile being 
pressed. 

3. The method of compacting a rarere 
fractory metal which Comprisessurrounding 
the metalin a coherent state with a material 
Capable ofyielding but which will restrain 
the flow of the metal and thensubjecting the 
encased metal to pressure. 

4. The method of compacting a rare re 
fractory metal which Comprises encasing the 
metalin a Coherent state in a soft metal and 
then Subjectingthe metal and the casing ma 
teri@lto pressure. 

5. The method of compacting a rare re 
fractory metal which comprises encasing the 
metalina coherentstateinleadandthensub 
jecting.the metal and the lead to gradualy 
increasing pressure until the lead extrudes 
to a sight extent. 

6. The method of Compacting a rare re 
fractory metal which comprises enCasing a 
metalin a coherent state in lead,subjecting 
the encased metal to pressure,and then re 
moving the lead. 

7. The method of compacting thorium 
which comprises surrounding the thoriumin 
a Coherent state with lead,Subjectingthe two 
bodiesto pressure of suficient degree to pro 
duce the.desired compactness,and then re 
Intestimonywhereof,Thave hereunto sub 

scribed myname,this24thday of May,1926. 
WILLTAM BENJAMTN GERO? 
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