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ABSTRACT

An 'a.ccount is given of the fabrication of beta-stage 25 nesting hemispheres
used in neutron multiplication experimonts. The method of fabrication, hot pressing,
is desoribed in detail, and a list of the various metal losses involved in fabrica-
t;ion is givon. Tho compositions of the various lots, and composition of the various
hemi.spheres by lot numbers are given in Table II. Because of a mistake in the iso-
topic oomposition of one of the lots of 25 (BF15), the isotopic composition origin-

&lly computed for one of the hemispheres was in error.
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PRODUCTION OF HEMISPHERES OF URANIUM AND 25 BY HOT PRESSING

INTRORUCTION

Shortly after the first amounta of buta-stage 25 were received, it was de-
oided to use the first two kilograms for coritiocsal-mass oxperiments. These experi-
monts first involved the fabrication of a solid 1.5"-diamoter sphere made in two
halves, with an 8-mm-diamoter hole in the center, to house a mook fisalon sourcs.

As more material arrived, a shell of betaoatage 25, 1.5" inside with 1ﬂ4" wall was
to be made to fit around the initial solid sphere; and finally, a 2"-ID sphere with
1/4" wall was to fit around the first shell, Hence, & larger and larger solid sphere
would be assembled for tests,

| The parcent 25 in the first, second, and third layers was close to 73%,
72%, and 70% respectively., The mssses in the same order were 525 g, 749 g, and
12,6 g, making a total of 2520 g. The actual compositions and weights of the indi.

vidual hemispheres are given in Table III.

HOT PRESSING TECHNIQUE

The oasisst method for fabrication of the spherical shapea war the hot
pressing technique originally suggested by C. S. Smith, which had boen used pre-
viously for fabriocation of 2"-diamoter beta-stage discs and verious tuballoy shapes.
This method has the adventage over ocasting that greater accuracy of shaps is posaible,
and no mstal is left in gates or risers,

Hot pressing of tuballoy and 25 is oarri'ed out in graphite diss. The slug
of motal of the ocorrect weight is plaoced in the die cavity, the die plunger fitted on
top, and the metal is protected from oxidiging by a slow stream of srgon passing into

the die cavity (see Fig. 'i::o: '1&1.6 d}.eti.ar? Eplacad in a 20~-ton hydraulic preu,,'und
meﬁ:g‘;‘ﬂﬁér-:n. R - '
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heated by & high~frequency induction coil to the hot pressing temperaturs, 800° to
900° ¢, The maximum pressure used is limited by the strength of graphite to about
g;OO 1bs per aquare inch, but fortunately the pressures required exceved this velue
only in the produetion of very thin-walled objects of considerable axrova where fric-
tion inhibits flow to an important oxtent. For oxample, difficulty wae experienced
in producing the 2"=iD hemisphere of .080" wall thickness, but a similar size sphere
with 1/4" wall presented no trouble.

Some experiments have boon carriod out using die block inserts of materials
other than grephite with somewhat encouraging results. Steatite and hot-pressed
beryliiun oxids appear promising.

The anticipated advantages of these materials over'graphito are smoother
surface and more acourate dimensions of the pressed objects; possible camplete
olimination of maohining on the final part; in the case of somo ceramic die blocks,
easior fabrication than graphite, anrd, oepeoially importent, ability to withatend

highsr pressing loada.

PRESSING CONDITIONS IN PRODUCTION OF BETA-STAGE 25 HEMISPHERES

In all cames; 10 to 30 minutes are required to heat the die to the deeired
temperatu;e. The outsids die wall reaches a temperature of ahout 950°, but the in-
side of the die whore tho sample 1; loocated is only about 850° C. The pressurs is
applied and held for 2 to 3 minutes, and the amount of pressure varies with the Sh&pa
and size of the piece as indicated below, Dspending upon the size of the die, L5
minutes to an hour and & half are required to cool the die end contents wown beslow
100° ¢, where the oxidation on removal into the eir is negligible.

The actual preaqprqp.qpo ‘gog, hq various hemispherical shapes are given
in Table I.
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TABLE I, Pressures Used in Forming the Hemiaspheres

Shaps ¥oximon Pressure
1.5"=dia. solid hemisphere 1800 p.s.i. on projscted area
1,5"=1D, 1/4"-wall hollow 2000 p.B.ie " " "
hemisphere

2,0"=10, 1/L"=wall hollow 1600 p.s.ie " " "
hemisphore

2.0"-ID, .080"-wall hollow 5100 p.s.i. " " "

#8light cracking of die parts
noted.

The shapo of the metal prior to hot pressing is not vory important as long
as it is chunky mnd reazonably solid, and can fit into the die éavity; Mstal which
is allowed to freezo in the crucible is quite satisfactory oven though such pleces
invariably have shrinksge oavities or "pipe", Attempts have been made to press two
or more pleces together in the graphite die with only partial succesa. After pres=
sing, the motal is cleaned and a few minor machining operations are made to tura off

any flesh and to size the hemisphere more accuratsly,.
In the ocase of tho eolid, central hemispheres, an 8-mm spherical hole was
machined in the center for locating e sourocs,

Fig. 2 is a photograph of the assembly as usad in the final stage for multi-

plication experiments. Bits of WOoéSEEEEE&:ggy

be meen betwoen the layers to hold
——

the assembly togsther.
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TABLE II, Composition of the Lots, and
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Composition of Specimens by Lot HKumbers

URULARMNIFED

Lot No. Percent 25 I Hemisphere No, | Canposition in Grams
EF'=‘6 65.2 % g BF':9
No. I 99 g BF-10
BF=7 Lh.L 76 g BF=11
BF-8 70.4 100 g BF-9
No. II 91 .g BF-10
BF-9 Thod 82 g PF-1l
C5-491=112 é4.0 7 g BF-11
2836 199 g BF-13
BF-10 75.5 176 g BF-1l,
EP=11 69.7 145 g BF-8
’ 6 g BF-11
BF-12 73.6 2837 19, g BF-12
36 g Br-1l
BF-13 72.5
199 g BF-16
BF-14 72.7 212 g REr-18
2986 122 g #5071
BPF=15 738 == T0,95%» 31 g #5072
7L g #C5-A91-112
BP-16 7348
, ' 2 g BF-6
BP-17 72.5 208 g BF-15
' 2087 197 g BF-17
BF-18 7302 30 g #5071
60 g #5072
5071% 64.0
100 g #5071
5072« €40 2953 76 g #C5-291-112
66 g #5071
295l 121 g 35072

* ocmposite of some srall

early lotes
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PREPARATION OF MATTRIAL BEFORE HOT PRESSING

The "bisouit"” metel or reduced buttons (received from R. D. Baker) are
waighed in and broken up into suitable pieces for meltiang. Thens butto\:;m gomally
woigh about 250 g. The pieces are weighed snd chargod into an MgO or BeCG cruocible
for melting in vacuum or argon. Tho weight of metal charged is czsentinlly the
weight of a hot pressing.

The metal is meltsd in argon rather than vacuvm to minimize ths amount of
splattering in the furnece caused by residusl caleium in the rsduced biscuit metal.
After attaining a temperature of about 1400° C, the high-frequency furnace is shut
off and the motal allowsd to solidify.

¥hen cold, the ingot ia removed fram the crucible, cleansd, and inasertsd

in the cavity of the hot-pressing die.

METAL LOSSES IN FABRICATION .

The losses involved in the step of the fabrication are 1isted in Table III.
Both the loss in grames and the loss in percent are given. Actuelly, theee amounts of
material were not lost, but were aent to recovery; but some actual loss is ineviﬁxblo.

Two lots of metal sent to rscovery have been asseysd for a conparison be-
tween amount sent in and amount recovered. Cns of these was the 2"=ID, 8C-mil-wall
sphore, and the other the 2"-ID, 1/4i"-wall ephere. The recovery was not satisfactory
in the first shape, as out of 6.277 grams sent inte recovery, only L.98 grams was
recovered, There was a loss of 1.297 gs or 20.6 percent. ~Part of the trouble here
was tho excessive handling during hcft pressing; the piece hed to bs repcatedly hot
pressed owing to the difficult shape (very low ratio of wall thickness %o diameter).

For the heavy—wa"{l .sg;b.-éfe ,.§é2§,:5.8

IANS WOre TeCoVeredn—a—1off Il idokiss w or 4.8 porcent..
B ~+-300F :

fi.grams was sent in to recovery and 231.50
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TABLE III. Welghts and Lesses in Produotion of Hemispheres and Sh llﬁl of 25

t
Loszes i % Loasos
g
- 80 ) 1 8
g 25 g & & ] - | o B
- B ") o, & 9 ot o i e wt ok -
Job 38 | 95 |38 . g : T U = 3
°§ s-.-ou 335&‘ g e e PO w O ® $ @ 3 Q .
g f2 | £88 |288w | 58 g8 S8 48 | 5w d. BE. W
; 1.5"=0D Solid No. I 262.59 7339 2,153 2,502  Gain 8.910 | 0.683 0.789  0.724, 3.8
Hemisphore 1.960 :
vt e No.II 262.111 73.51 0.583 1.792 0,000  10.870 | 0.106  0.654 0,000 ¢ 3.95¢
> : Z n520° Shell 2836 374.53 72.L4 1,190 3.065  0.040 3.070 | 0.312  0.803  0.011ieeeed N7
% 3/)4"'?&&1 cecses oo
8 deeesd 2837 | 371 | 72.22 | 3,500 2325  Gadn 2150 | 0.916  0.609  Gain 3,,,.8.5F%
é'oooo - eeeeee 0°0h0 0. 011:..... oo
6 «2,0"330" hell 2986 626,72 70.11 0.602 3.625 Gain 6.695 0.109 0.569 Gain seeee} 052
" ﬂ#".‘.‘. 0.125 0.0 T oo
- 2987 619.16 69.0% 2,390 2.847 Gain 12,508 0.483 0.575 Gain 1.976
% 0,107 0.017
] 2.0"=ID Shellxs 2953 181.7% a0 0,199 2.L486 0,290 1,438 0.107 1.336 0,156 0.785
{ -080" Wall :
§
\ 2950 178.35 &40 Gain L.67h 0,785 . 3.505 | cain 2,497 0.420  1.927
0.030 “§ 0,016
S Total Weights 2879.62 10.737 23.316 1,115  L9.ui6 .
B ) ©
&2 * composition changed bscause of clerical error in composition of BF-15 — }
, % at Site-=X. Wes originally 70.1 percent. -
" 1"
1‘%’,” net used in the asaembly, but employed in a somewhat related experiment. g
T
L
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The toval amount of metal handled was 2879 g, and the total "loss™ in grams

was 8.3 g, but this includes loss from machining of holes as well as "clssn-up”

- machining, On this basis the loss was 3%. Howover, if the machining lossss are dis-

oounted, and the other losmes totaled, the lozs waus about 1%, The sffioicncy of the
fabrication was actually somewhere botween these two figures, and may be tsken as
approximately 2%,

Aside from machining, the largest losses arise from the cleaning operation.
This in turn is necessitated by the oxidation of the metal, particularly sfter hot
pressing.

It is believed that this mource of material for recovery may bs greatly
lessened by the use of hard and smooth die inssrts proviously discussed.

In Table IV are given the final dimensions of the hemispheres; the mosning

of the symbols can be seen in Fig. 3.
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fig 3-Rererence Drawings

for Table IV
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TAELE 1V,

Pinal Dimensicnz (Sceo

e 3 for Explenation of Symbbla)

Drawing Ko. 1

Speocimen d, dg hy hy
Job Bumber
1.5"%=0D Solid No. I 1.499" 0.313" 0.7L47" 0.152"
Hemisphers <o to
' 1,501" 0.314"
No. II 1.LoL" N.31L" 0.747" 0.156"
to t
it £t
> 1.49 0.316
>
Weeeoo 0% .
%.:ns 5....- Drawing No. Il
foee 3 Speoimen d, 4 hy hy t) 5,
9"': 2eessl  JOD Number
g:s:: $°s¥°5"-1D shell 26836 1.999" 1.503" 1.013" 0.754" 0.254" 0.2L1"
s o  eecee " Wall to to
S.oo. ..“.J:ﬂ"' 0025673 0.2&6n
& 2837 1.999" 1.,503" 1,008" 0.752" 0.253" 0.2L6"
@ to to
0.256" 0.255"
& 2 925
&= 2.0"-ID shell 2986 2,501" 2.003" 1.273" 1,011" 0.254" 0.2;8"
o 14" wall to to
j—y 0.258" 0.252"
£
,L’; 2987 2,lio" 2.005" 1,286"  1,006"  0.251" 0,25"
L to ‘o
=3 0,255" 0,246
2.0%ID shell 2953 2,180" 2,007" 1.102" 0.995" c,o,es"t c‘.,,oao"t
[+] [»]
0.099" 0.086"
- 2.007" 1.106" 1.000" 0.090" 0.077"
to 1)

%

Q41SSy19Nn
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