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ABSTRACT
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An account is given of the fabrication of beta-stage 25 nesting hemispheres
.

used in neutron multiplication oxporimontw. The method of fabrication, hot pressing~

ia deaoribed in detail~ and a list of the various metal Iosaes involved in fabrioa.

tion is given. Tho wmpositiona of.the various lots, and oanpoaition of the various

hemispheres by lot numbers are given in Table II. Beoause of a mlstako in the Iso.

toplo composition of one of the lots’of 25 (BFl~)o the isotopic imposition origin-

ally computed for one of the hemiapherernwas in error.
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I?ROWC21ONOF HEMISPHERES OF tlRANIUJ4AND 25 MTHOT PRESSING

INTR~UOTION

Shortly @@r the firot amounta of beta-stage 25 were reoeived, it was de-

oided to tune the first two kilogrem for oritiax!d=amxmeqerimonts. Those experi-

ments first I.nvolved,thefabrioatian of,a solid 2.5n-diameter uphore made in two

halves, with an l%mm=diamoter hole in the oenter, to house a mook fission aouroe.

As more material arrived, a shell of beta+tage 25, 1.5n inside with IN wall warn

to be made to fit around the initial solid spherej and finally, a 2’Z-IDflpherewith

1P wall was to ftt around the first ASell. Hence, a larger and larger solid sphere

would be

7%, and

assembled for teats.

The percent 25 in the first, seoond, and third

~~ respectively. The maasos in the same order

W46 g. making a tOtd of’ 2520 g. The aotual aompositioms andweightB of the indiv-

idual hemispheres are givm in Table 111.

HOT PPWXSIMGTECHNIQUE

The aaaiast method for fabrication of the Opherioal

pressing teohnique originally suggested by C. S. Smith, whioh

ahapea WAC the hot

had been used pre-

tiou~lyfor.fabrication of 2W-diameter beta-stage dimoa and various tuballoy ohapes.

This method has the advantage over oasting that greater aocuraoy of shape is poaaibleO

and no natal ie left in gates or risers.
,

Hot pressing of tuballoy and 25 is oarried out in graphite dim. The slug

of qotal of the oorreot weight is plaoed in the die oavity, the die plunger fitted on

top, and the matal is protectedthm oxidi~ing bya slow stream of argon passing into
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heated by a high-frequency hiuction coil to the hot pressing temperature, 8000 to

90000. Ths maximum pressure used is limited by the strength of graphite to about

5g&)0lbs per square irmh, but fortumtelythe pressures required ezoeod this value

only in the production of very thin-walled objeots of oonaiderable area whare fric-

tion inhibits flow to an important extent. For emample, diffioultywae experienced

in produaing the 2“-ID hemiophero of .080” wall thiokness, but a

with 1~ wall presented no trouble.

SOIMJexperiments havo boon oarried out using die blook

other than graphite with scmewhat encouraging results. Steatite

beryllium oxida appear promising.

similar size sphoro

insez% ofmat0ria18

and hot-pressed

The anticipated advantages of the6e materials over graphitm are smoother

surfaoe and more acourate dimensions of the preaaed objeats; possible ccmplete

elimination of maohintng on the final part; In tho oaae of some oeramio die bloaka,
,

eaaior fabrication than graphites and. mpeaially important$ ability to withwtand
.

high8r pressing loada.

PRESSXNGCONDITIONS IN PRCHXJCTIONOF RElAI=STA(3E25 EEMISPEERES

In all oane8. 10to 30 minutea are requiredto heat the

temperature. The outside die wall reaches a temperature of about

side of’the

applied and

and size of

.

die whsre tho rsampleis looated is only about 8500 C.

die to the desired

950°, but the in-

The pro80ure is

held for 2 to 3 minuteM, and the amount of pressure varie~ with the &ape

the piece as indicated below, Depending upon the 8izc9 d tho die, 45

mintiteato an

100° C, where

The

iuTab16 1,

hour and a half are required to 0001 the die and oontents Qown below

the oxidation on removal into the air i6 negligible.
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TA~E I. Preesures Used in Forming the Hemispheres

~ Maximum Pressure

1.5n-d3a. solid hemisphere 1800 p.s.i. on projected area

l’J5n-IDoI@.wall hollow 2000 p.aoi. n w n

hemisphere

200~1-D0 1~-wall hollow 1600 posoi. n N n

hemiaphame

2.0~.~, .080’~-wallhol~ou *5M)0 p.soi. n n n

*Slight craoking of die par%~
noted.

.

The shape of the metal prior to hot pressing ia not very important as long

w it is chunky and rewonably solid, and oan fit into the die cavity. Metal whioh

is allowed to freezo in the cruoible is quite satlsfaotory oven though auoh pieoes
.

invariably have shrinkage oavitie6 or ‘pipe”. Attempts ham boon made to press two

01*more piece6 together in the graphito die with only partial SUOCOLSS. After pres=

sing, the motsd is oleaned and a few minor maohining operations aro made to turn off

any flash and to size the hemi6phera moro aoouratoly.

In the ease of tho Bolid, oentral hemispheres, an 8-mm spherical hole waa

maohined in the aenter for Iooating c sourcm,

Fig. 2 its a photograph of the aasembly as usad in the

pMoation experiments. Bits of Woo-

the asmaubly togethor.
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Lot NO.

w-6

BI’”’7

BF-8

RF-g

C5-A91-112

SF-lo

BF=’11

BF-12

BFo13

EF-4

BF-15

BF-16

k-l?

BF-18

5071*

5072*

—. —

iiNCIMSIFIm

TABLE II. CanPosition of the Lotm, and

Ccmpoaition of Speoimons by Lot Mumbers

Peroent 25 HORlispher@no.

\

65.2

&h

74.1

64.0

75.5

72.7

7308 -- 70.95**

73.0

72.cj

7302 ‘

6?!+.0

64+.0

. .

No. ~

b

No. XI

k
o

2837

2986

29f37

“, 2953

2954

CQooaition in Gram

w gBF”9
99 gRF-10
76 “g BF=oll

100 g BP-g
91 .g &w-lo
82 g BF-U

.
1’g SW-11

19g g BF-13
176 g BF-al+

145 g BF08
&g w-n

I* g EF-12
36 g BF-14

1* g BF-M
212 g W-M
122 ggoql
31 g #5072
745 #C5-A91-112

M&2g W-6
208 g BF-15
197 g B&l~
30 g #507~
60 g #5072

MO g#5071
76 g #c5-A$&l12

66 g #jo~l
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PREPARATION OF MATERIAL BEFORE HOT PRESSING

The ‘bisouitn metal or reduced buttons (received from R. D. Mker) are

waighed in and broken up into euitablo pieoes for melting. These Mttonc$ normally

weigh about

fw moltlng

might of a

250 g. The pieoes are weighed and

in vaouum or argon. The weight of

hot pressing.

\’
chexgod into an /!4g0or S4 cruoibla

metal oharged is o~mntially the

Tha mwtal is molted in argon rather than vaouum to minimize the amount of

splattering in the furmce caused by roaidual oalelum in the r~duoed biscuit metal.

After attaining a temperature of about L!@OO C, the high-frqwmcy furnace is iuhut

off!and the mrtal allowed to solidify.

When cold, the ingot is removed i’rcmth~ crucible, okaned, and inmertsd

in ~he cavity of the hot-pressing die.

METAL LOSSES IN FABRICATION

The losses involved

●

in the Etep of the fabrication aro listed in Tablo 113.

Both the loan in grmms and tho loss in peraent are given. Aotuo.lly,*ha&e amounts of

material were not lost, but mwre sent to reoovel*y;but mane ac%ual loa~ ia Anevl%nble.

TVIOlots of motsl 6ont to reoovery have been msqed for isoompmriaon be-

tween amount sant in and amount reoovered. One of them wae the 2fi=ID,EKkmil-wdl

Sph@rOs and the other the 2’t-ID, 1~-wall sphere. The mcoverywm notiorn%ifafaotory

in the firet Ehnpe, aa out of 6.277 grama @en% %nte recovery, only 4.98 gram warn

rec~vared. Thera was a loss of 1.297 g~ or m*6 perOent. “pafi Of th~ ~roub~@ h@r@

waa the exooswivo handling during hot pressing; the pieca hsd%o ba rqxmtedly hot

pressed owing to the diffioult shape (very low ratio of wall thioknoso to diameter).
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The total amount of metal handled was 2879

wna 84.3 g, but this inoludes loss from machining of

machining. On this baeis the loam was 3%. However,

counted, and the other Iosaes totalod, the 10SEInas about 1%. The eftioionoy of the

fabrication wa~ aotually mmmwhere between these two figures, and m~y be taken aa

approximately %.

A8ide

This in turn i~

preo8ing.

It iB

lessened bytho

from maohining, the large~t lomos arise from the cleaning operation.

necessitated by the oxidation of’the metal.,particularly after hot

believed that thi% tjourceof material for reoovoryma~ be greatly

uae of hard and smooth die inserts previously disousoed.

XnTublo IV

of the qmbols can be

are given the final dimnsiona of the hemispheres; the mos.dng

seen in Fig. 3.
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