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ABSTRACT

éThe hot~presaing method for forming uranium is deacyibed in detail,
giving data on temperatures, preasures, idJ.e vmatoriala, tolors.t;zcoa, eta, This
method is primarily of interest for fornjling very simple shapes, such ag selid,
or thiok-ﬁallcd hollow hemispheres, etc;? and is not feasible for moderately
complicatéd shapes, such as octants of épheros and other shapes of low synmetry.

I'B is not :a highuproductibn method, and oannot oempete with precision casting

where manjr picces are required,
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DENELOPEMELT OF GAMMA-PHASE HOT=PRESSING OF URANIUM

IFTRODUCIION

| 3

:By gamme. phase hot-pressing oé uranium is meant pressing in a suitable
die in thé temperature range of 770°0 ﬂ; the melting peint, the rongoe in whieh
uranium id in the soft, duptile, highwt;mperature gamma modifieation. In pract-
jce there 'is no nesd to exceed 950 Co and most pressing is done close to 850°C.

:Both ordinary uranium end uragium»255 have been formed by hot pressing.
Though there is no difference in bphaviér. greater care 1s necessary in handling
"25" to avoid loss, sven recoverable teﬁporary loss; hence particular attention
must be p‘id to avoiding aexidation. |

Hot pressing has been used aaf&n altornative to casting for certain
simple shapes such as amall discs and adlid and hollow hemispheres. Ths main
advnntage'of hot pressing over casting is the elimination of hot tops with cone
sequent hqld-up of materlal; and of mncﬂ machining with consequent large temporary
and & little permanent loss. The produ&t,.moreovero is of greater density and
free from blovholes. Another advantagefof hot pressing over cesting is the short-
or time of preparation of the graphite Jia uaoa, compared to the time reguired
to produce an imvestment (silioa) mold for preeision casting. This advantage

‘

naturally holds only when one or twe piﬁcea are roquired. When many pieces are
necessary, the time involved favors caaﬁingo Hot pressing of certain very simple
shapes may allow greater dimensionsl acéuraoy than is readily poesible by cast-

' ing, except after prolonged trial and error. Lastly, in hot pressins, one does

not have to contend with feeding a casting and hence run the risk of having

shrinks (depressed areas) which mgf cqpsg-“e:c:uuog.
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HOT=-PRESSING PROCEDURE

Fige 1} shows a typical die, ordinarily made of mschined graphite
piecos. The metal of the necessary volums to fill the dis cavity is placed in
the die; an inert gas, either argon or helium, is passsd into the die to swrep
out air and maintsin a neutral atmospherwe, and the die itself with the metal in-

side is heated to the prossing temperature of about 85000- High=frequency inducte

ion heating is usually most convenient. The die is placsd on the bed of a hydraul-

ie press, and when the thermocouple inserted im the punch or die wall indicates
the correct tomperature, the punoh is forced inte the die by the press, and held
for a few minutes at a pressing corresponding to 1000 to LOOQ pounds per sq. in.
of projected aras, The dies and contents are then allowed to coocl to about 1oo°d
or below with argon malntained to keep out air, At this temperature, the amouat
Af oxidation cocurring on removing the plece is nogligible,

The very low pressure required is made posmsible by the exceedingly low
deformation resistamoe of uranium in this temperature ramge. It is this low
oressure which makes possible the use of graphite for the dies,

It has been found convenient to use a water-cocled coppor plate umder
the rraphite dies to prevent heating the press bad and to speed up die cooling to
soms extent, althou~h a stream of air is mainly relied upon for this purpose.

VARIABL™S AND LIMITATIONS OF HOT PRESSIXG

F‘.f"if'act of Blenk Shapeo UHGLASSIF 'EB

By blank is meant the slly sterdetrdsepisress’in the die to be pressed

to tho desired shape. It has beerf dsirmifell tfsh:*the blank shape is relatiyaly
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unimportant as long as it is chunky and in one piece. Proferably, folding of
the blank should not oocur, as this is apt to cmuse a lamiration in the finral
pressing. Similarly, an extremesly irregular piece with re-entrant sections,
¢toc., should be avoided if maximum smoothness is desired.
fthen coylinders are pressed out to flat discs;, it has been found ade
vantageous to round thé cormers to scoure good surface finish of the flat surfsces,
However, irregular blanks, such as the ones with holes drilled im them,
have been pressed out, filling up the holes so that it is difficult to sce where

the holes wore.

Dimensional Tolorances

The dimensional sccuracy possible im hot pressing vaturally deponds
corsliderably upos the size and shape of the piece boing proessed, Im the case
of & solid cylinder of 1 to 2" diameter and height, perhaps the easiest of all
shapes, an accuracy of diameter of ecbout 003" is possible. Im the case of
soiid or thiock wmlled hemispheres up to about 2.5" dismeter, the corresponding
accuracy is about ,003 to ,005". Accuracy is limited by die wear which is serious
in the case of gfaphite. and also by the sccuracy of machining graphite which
i8 not as good as im the case of stesl. In the case of large pieoba up to 6"
diamoter, metal shrinkage plays an important part, and the reproduoibility of
asomtraction between 850°C and room temperature ie a limiting faotor, Amother
important point is die fimish or smouthmess, Obviocusly, o comparatively rough
surface, characteristic of most grades of zraphite, does not allow as close

cimoensions as im pressing in pol&thoq.gtpel.géqa, .o

L g assipe
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Shape Limitetions

EPPM

It is very difficult to press objects which have a high ratio of
surface area to thickness. A case in point ia the pressing of a thin-walled

nemisphere of 2" 0D and ,080" wall thickness, This represents a limiting shape.

Such shells have been presssd but with rather pocr dimensionsl tolerances, ut a
unit pressure of 5100 pounds per sg. im. which fractured the die,

Apparvatly frictiomel offects im thoese thim=walled shapes are very
important, ond limit metal flow considerably, hence requiring comparatively high
pressures,

Anothor diffioult operatiom is flatteming out a flat wedge of metal
of perhaps 1/14" average thickmass, but where tho thickness varies semcwhat from
one side te the other., Im the omse of & metal rimg about L 1/2" (B, 3" ID, and
1/4" thick, it was found impessible to mske the thickness uniform whoa the maxi-
aun to minimum ring thickness varied om opposite sides by absut .030". Here
againg metal flow was apparently imhibited by frictiom of the die walls around
the ring.

Theoretioally, by the use of specially shaped bleonks, pieces ocould
be rade with cored holes by the use of graphite inserts, and drilling or chipping
cat the graphite cores after pressing. The omly work done along this line was
the ring described above, It weuld probably be impractical in most cases, eg-
peoially with small holes, because of the fragility of the cores and the difficulty
of proparing a suitable blank.

Gomorally speakimg, hot pressing is limited to rather simple shapes,

free of umdercuts and asymetric sol¥itils

=
—
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Scrap Preduction, Imcluding Flash and Ozxidation

In most oesses, flash (metal sgucezed betweem die and purch walls) is
not important in a wellemade die with good fit between the compoment parts.

Oxidation is more & source of concern, together with rough surfacoes.
ubviousi&,‘in a die with poor surfece fimish, thero is mores surface area to bo
oxidized, and also & rough surfaced die allows more air to ombter, because the
fit between punch and die is poor.

It has often besen considerad that another source of oxifatiorn, parti-
cularly irx the ocase of the coarsersgrainmed graphites, is air ebsorption oa the
surface of the dic, This polimt has mever boem thorcughly checked., However, it
has beem showm that veryqfineugrained grades of graphite not omly produce a
. smooth surface, but show much less oxidatiom. This, however, may be because &
smoath surfsce doos not form as much oxide as a rough surface,

Deperding upcn the size of the picce boing pressed, the less Que te
oxidation (most of which is recoverable) ia nearly always less than 1 per cent,
and with picoces weighing 300 te 600 grame, the loss is usually of the order ef
0.5 per cent. The per cent loss naturslly depsmds or the ratio of surface te
volume.

Gas purity of the argor or helium iz a very important factor in exida-
Won, For mimimum loss, the gas is purified of oxygen, nitroger, and water vaper

by passing it over uranium chips heated to 600°C.

Pressing Temperl.'bure_ ¢ 600 o e0e eeq oo

while any temperature ovsy, 780%. (thp et to-gamma transformation poimt)

IR
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should be hot enouch, in practice it has been found that a temperature of 850°C
is satisfactory. Because of some températuro lag between die and metal, and
because the thermocouple junction camnot bo embedded in the metal itself, it
is necessary to excoed the mimimum possible temperature by a safe margin to
avoid pressing during thevbetavgtmma transformatior. This has frequently
happened whem attempting to press at or about 800%C, with the result that part
of the metal flows, while other pertions de not. Successful prsssings have been
made in the ranzs from 850° te 925° with 1ittle moticesble difference in bohavior,

Pigo 2 shows the eftect of varyimg temperature im pressing uramium in
a flat faced cylindrical die, in which the metal was pressed but mot “coired®,
That is, the metal was not forced out te the die wall, but allewed te flow edge-
wise freely exoept far surface friction. The pressure em the original samples,
(0,50" im diameter and about 0.42" high) was 1500 pounds por sq. im. The same
load was rmainteixed until flow ceased, when the (inal area was measured and the
final pressure computed.

The results show that in the range between 850°C and 9509C, the fimal

pressure or amount of deformationm of the samples varied very littla.

Kffeot of Forming Pressure

As indlonted in the discussion on part tolerances, difforent pressurea
ure required for different shapes. The pressure appesrs to dopemnd largely upom

the ratio of surface area %o thickmess. Im the cmse of a 2"-0D hollow hemiasphero

with 080" wall, over 5000 pounds ‘pér $sq3, ing ssredidquired, About the same

wis required for a 1.5%M sphere\éi.ﬁ‘g&%ﬁm 4 :" i}.n On the other hand, & 1.5"

eee . e
Py o ar M
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501id hemisphere omly required about 1800 pounds per sq. ia. te £ill the éoraers
sharply. Short solid cylimders require about the same presssure.

At this stage of the art, actual trial ia mecessary to determine
mirimum pressure. The pressures quoted refor te the prejected area ef the part,
1.00, the OD circle area in the case of a hemisphere. Alse, these pressures
are those reguired to completely form or "coim" the part, If a cylimder should
be reduced to half its height im & die whose imside diameter is greater them
the D of the pressed part, the pressure required would be comsiderably under
2000 poumds por 8q, im. The cylimdrical surface would also be barrel shaped,

The pressures applied im a graphite dle must mot excrced the low stremgth
of graphite, which varies with differert grades of the material. Gemerally
speakimg, 5000 pourds per sq. im. is about the limit fer the ordinary AGR grades
used im most of this work., The die walls must be fairly heavy, about one imch
thick or more, to withstand the hoop temsion set up im the hollow die during
the final stages of "ceiming-out" or completely fillimg tho die,

When semo of the smoother grades ef graphite are usod, or whon smooth
die imserts are employed; the reauired pressure is somewhat less because of re-

duced frictiom. Thia is particularly importart im pressing thim gections.

PressiqgﬁTimo

Fig., 3 shows tho effect of time in pressing uraniua cylimdrical shapes

about 0.50" im diameter by o369 te 402" high., It will be meted that after about

2 minutes, the deformation doos'ﬁutf ciiangei aipré«;iabl'y. The imitial pressure

was 1500 pounds per 8q. im. and, thg, Seqperatyre yas 800°C. As ir the experimemts

L hpdaisdid 2 =
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whore temperaturs was the cemtrolled variable, the die was large emough compared
10 the samples se that coiming did not escur. The samples were compared, as

before, on the basis of “"fres flew",

DIE MATERIALS

General Requirements

'L.‘he material for hot pressing dies should have the following character-
istios:

L. Ease ef shaping (castimg or machiping)

2, Smooth surfsce

3a Nonereactive with urarium

L. Therma) sheok resistanse

5, Mechanical atrength at 900%C

6. Ability te stand prolenged heating at 900°C

Early im the woerk, it appesred that if metal or ceramic imserts {dle
and pumch facing) oeuld be used, much smeother surfaces amd cleser dimensionel
telerances could be held; and if a castable seramic was empleyed, complex shapes
could ocasily be molded, This firat comoclusicm bas been proved correct by
several experimente with both types of imserts.

However, thero seem to bde almost insurmeuntabdle difficulties in the
cortinued use of non-grn.phitic dies. After cne, or at the most; twe or three
pressings with die imserts they have imvariably failed fer one reasom or amother.
The metala alloy with uranium, o!t}m* }- 16!112." b}? badly that the insert hea to

pe chiseled awey from the preaai%;'e.ﬂu

\@,al are pickod up or tho insert

...';;

!
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or pressing, thus ruining the pressimg and the imasert simultansously.

Ia the ocuse of seramic inserts, fellure is appareatly due te® thernal
shook, or thermsl shock plus the loadimg stress.

At the present stage of the art, the most likely solution te the

brroblem is vory fine greined graphite, when available.

Metal Imserts

tarious metals aund alloys used as inserts will be discussed very
briefly imdividually.

As might ba amticipated, ordimary grudes of teool stesl, ircludirg -
"Grocar" oomiaining 13 per cent chromium, alley very badly with uramium at 850°C
“‘n the olean atmosphere required te praveat exidatiom of the preesimg. Deliberately
sxidizing the stewl first impreves matters slightly, but the attasck still persists.
The preprietery special hipgh teamparature alleys, Stellite, Hastelloy, amd
Steodite, were no better than ceumon steeld.

& high chremium=high mickel steel with comzidorable additions ef
turgsten and molybdenum, now belng used in gas turbines, super<chargers end the
iike, was also tried, It has very high strength at alevated temperatures, A
straess of 5000 pounds at SO0®C causes hardly measurable defermatiem for short
weriods of time, but it was feurnd te react very rapildly with uraxium. Twe dies
wore made or this materifl us & substitube for graphite, and it appears te b
guitable for this appllaation if die inserts of somc other non-resstive meterial
zould be uped for the surfaces is contact with the urenlum.

A tumgsteon plates stood up as well as any metallioc materiel with the

poseible exvepticn of tumgstoa c}ﬁoi%eg.bué 1§.ris§tod in spots. Tentalum sheet

APPROVED ECQR PLRIILC BFI FASE
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vas not as good as tungsten. Molybdemum alloys very readily with uranium, and
has ne value for this purpese.

sufficiently large pieces of silver-tungsten alley (Elkomite) were
1not avallable for a good test, but on the basis of & small sample test, alloying
ias hardly moticeable, This is pessioly werth following up.

For a timas, cebalt-bended tunmgston carbide mppcared te affer the most
promise of amy insert material, as soveral tosts locked very good, with exceed-
ingly smooth surfaces. However, more exhaustive tests showed a marked tondemoy
of seme carbide samples te spall, and in semo gases, there was & slight tendency
for the uranium teo stick im spots te the carbide. This difficulty, plus that
of fabrication of the carbide imto seme of the shapes that might be required,

caused further werk im this direotiom te be drepped.

Ceramic Inserts

Magnosia 18 qulte susceptible to thermal shoock and preved te be teo
brittle. 'Added MgFa made & demser, cmoother structure, but the oracking tendency

was worse,
Hot proessed BeO vwas as successful as any ceramioc insert, but the
tendency to crack awiy near edges aend sharp coruners could mot be aveided.
Mullite (A12°3)' Steatite (magnesium silicate), and Alsimag (aluminume
magnesium silicate) wore all found to be too susceptible teo thermal shock. Al}
sanples of alundum cements tested were quite porous and gave a rough surface,
Theoy alse oracked in use.

Zircon (Zircenium silicate) has high resistance to thermal sheck. The
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testod samples were of w rather coarse structure, and wero not fired very high,
Thore seemed to be some reaction with the uramium which caused surface flaking
of tho ceramic. A fimeregrained, highar-fircd zirocon might bshuve reasomably
woll,

After the oxpleratery werk om the metal and ceramic die materials,
attention was again turmed to graphite, with the idee of using finer-graimed
material than the normal AGR gracdes.

Several typos of fine graimed graphite wero tested, and feumd to
yield much impreoved surfaces ever the AGR. The AGNT amd C-15 grades of graphite
(Natiemal Carbon Company) lecked promisimg, and C=17 earbom wae good, but
difficult to machime, A disedvantage ef the C=15 amd C-17 materials is that
they are available in platos only, rather than long roumds.

Anothor advantage of the finer-graimed grades is a somewhat higher
strength Lhan that obtained with the cosrssr-grained grades,

While the tests on metal and ceramic inserts were not exhuustive,
further vork aleng these lines appeared umserramted, Tho tests on the fine-
grained graphite were very promising, and compared with the difficulty and time
raquired te prepars either metal or die inserts, it seemed as though the better
grades ef graphite provided the bsst solution te the preblem. With graphite,
mechining & moderately complicated die is rapid and easy compared with using a
coramic imsert where a mold must first be made, them careful fired te aveid
cracking, and follewed prebably by & difficult grimding or finishing operatiom

to imsure smeoth surfaces and teleramces. Even if a ceramic piece could be

APPROVED FOR PUBLI C R
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pressed smooth enough in & steel die, shrinkage on firing will alvays be dif-

ficult to compermsate for accurately.

EVALUATION OF THE GAMMA HOT PRELSSING PROCESS

The gamma hotepressipg process was originmlly useful for the pre-
paration of small discs and hemisphercs (selid and hollew) ef "25".1) It was
a satisfactory method for this sarly work when the shapes were vory simple and
the amount of material limited, ze that metal was not held up as in casting
risers.

Hewever, ae the shapes required becams more cemplioated, the cest of
dies and time cf pressing renders the hot-pressing method unfeasible, and the
smaller cubes and larger sphers segments Cor coritiocslity tests wore made by in-
vestment casting. Centrifugal casting was the natural method to use im making
sample rings, but hot pressing is returning to favoer as the best method of shap-
ing heavy hemispherical parts, either solid or hollew.

I¥ appears probably that frem the standpeint of work for the projec?o
gamma. hotepressing has seen itz heyday and will scon be an ebsolete method, ox-
cept pessibly for aan occasiomal piece for speocial meaasurements, or feor the 25
implosion gadget, if used,

It is alse used as a step im the preparation of sheet aad foil. MNuoch
time can be saved in relling by starting with a comparatively thim hot pressed

plate instead of a thiock castime,

1l
) See LA Report 238, Jan. 13, 1945
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