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ABSTRACi

/,,/

is described in detail~The hot-prosalng method for formi~ uranium
I

giving da+ on tem.peratureeapreaauresadie nateriala, toloranceaO eta. ‘l!hia

method ls~primarily of Interest $or

or thiak-walled hollow hemispheres~

complioatqd shapes~ such as octants

It is not a high-produotion method.

where man# pieces are requirud~

,

.

1

fo+ng very simple dqes. suoh as selidO

eto.P and is not feasible for moderately

I
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DWELOPEM?J!T OF WWA-PHASE H(YfoPRESSIXGOF URMJJ3JM.-

mTRdDucT’Io21 ,
I

‘Bygamma phase hot-pre8sing of uranium is meant pressing in

die in th~ temperature range of ~O°C ho the molting points the range

uranium id in the soft$ duutiles high-temperature ganma modifi~ation.

ice there ‘isno need to exoeed 950°Ce and most pressing is done close

a 8uitable

in which

In pract-

to 8500c.

Both ordinary uranium and uranium-235 have been formed by hot pressing.

Though th~re is no diffore~ue in b.ehavior~greater care is nacessnry in hand?.ing

‘]25”to avoid IOSSO even recoverable imaporary 106s3 hence particular attention

must be pdid to avoiding qxidation. .’

‘Eatpressing has been used as ‘m alternative to casting for ocrtaln

simple shapes such as small disos and solid and hollow hemispheres. The main

advantage of hot pressing over casting iE the elimination of hot tops ~.tthcon-

sequent bald-up of materiala and of much machinin~ with consequent large temporary
,,

and a lit~le pezznanentloss. The produot,

free fraa blowholes. Another advantage of
I

or time of preparation of the graphite die

to produoe an investment {ailiaa) mold for

!aoreowmO is of greater density and

hot pressing over casting is the short~~

usodg oompared to the time re@,red

preeision meting. YMS advantage

naturally “holdsonly when one or two piqees are required. Whim many pieoes are

neoessarys,the time involved favors cas~ing. Hot pressing of certain very simple

shapes may allow greater dimensional accurauy than is readily possible by cast-
I

ing~ except after prolonged trial and error. Laetlys in hot pres8in~, one does
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HUT-PRESSXNG PROOEDURE

Fig. 1 shows a t+ypioaldie. ordinarily made of machined graphite

~ieces. Tho metal of the necessary volume to fill the die cavity ia placed in

the dies an inert gas. either argon or holiumo is paseed into the die to swiep

out air aridmaintsin a neutral atmoephorea and the die itself with the metal in-

side is haatcd to the pressing temperature of about iYjo°C. ~gh=frequency tnduot-

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

ic press. and when the thermocouple “insertedin the punoh or die wall indicates

the oorreot tompsraturo~ the purmh is forood into the die by zhe pres80 and held

for a few minutes at a preesing corresponding to 1000 to 4000 pounds per sqO in.

01’

or

of

pro$eoted area. The die and contents are then alhwed to aool to about 100°C

below with argon maintained to keep out air. At this tanperalmree the amount

oxidation aocurri~ cm removing the pieoe ia negligible.

The very ~ow pressure required is made pomible by the mocediagly low

deformation resistmoo of uranium in this tempcmatum range. It is this low

pressure which makes possible the use of graphite for the dioa~

It has been found convenient to use a nter-uooled aopper plato under

the ~raphits die to prevent heating tho press bed and to speed up die oooling to

aoms extents althouch a stream of air is mainly relied upon for this purposeo

.VARIABLvSAND LIMITATIONS OF WI’ PRESS13G

~ffect of Blank Shapo u~cuswlfy8*9● .*9 ● ** ● m
●a9 ● ● ● *

● :0 :0 ● *

By blank in meant the sl~ S~”=J&~.p&&:in the die to be pressed
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unimportant as long as it is chunky and in one piece. Pred%mbly, folding of

“Me “blankshould not oocur, aa this Is apt to oause a lamination in the final

pressin~. SimilarlyO an extremaly irregular piece with ro-entrant sections,

~W.@ should be avoided if maximum smoothness is do~ir~d.

“tihonoylinders are prossod out to flat discs~ it has been found md-

vantageoue to round thd corners to scoum good surface finish of the flat wrfaccao

l-lowevor~Irregular blanks. suoh as the ones with holes drilled im them.

have ban pre88@d Outs filling up the holes so that it is difficult to soo whore

the holes wore.

Dimensional Tolerances—— ..

The dimennimml aocuracy possible in hot pressing naturally daponds

comsiderab3y upom the size and shape of the piooe beimg pressodo Ix the cnae

of a solid cylinder of ~ to 2’tdiameter and heights perhaps the easiest of all

shapesg an auauraoy of diameter of ebout ~OOJW is possible. In the ease of

so~id or thiok wmlled hemispheres

accuracy is about *003 to ?005°.

in the case of graphite9 aridalso

up to about 2.5 n diamrter~ the corresponding

Accuracy i6 limited by die wear which $a serioue

by the accuracy of machining graphite which

h not as good as in the case of’steel. In ‘t!i~ ease Of largQ piOOeB Up tO 611

diameter. metal shrinkage plays an important part. and the reproducibility of

contraction between &jO°C and roaa”tempwature is a Mmitiag feotoro AmOther

Important point is die f’iaishor smoothness. Obviously a oompal?ativelyrough

mu?face~ characteristic of most grades of graphite, does not allow as close

dmensions as in pressing in poltsQmt.stwl.iV484 .0
● 0 : : ●*H ~=

●
● :0

● bOe9* :
●* ●** :00 ● e* :00 ● * —.
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Shape Limitations—.

lt is very diffioult to press ob$ects which have a high ratio of

surface area to thiokmmse A case in point is the pressing of a thin-walled

hemisphere of 2~~

Such shells have

uni% pra86ure of

OD and @30a wall thicknsas. This represents a limiti~ shape.

bcon pressed but with rather pocr dimensional tolerances at a

5100 pouds per sq. in. which fraotured the die.

Apparently frictio=l effects in these thira-walledshapes are very

important and limit metal flew oo.usiderably$hence requiring comparatively high

Qrceafaureno

ABothor WX%nilt operation is flattening out a flat wedge @f metal

of perhaps lfi” average thickm?mo but where tho thickness varie~ soimwhat Zrmn

one side te the other. Ia the oaso of a metal ring about

l~f’ thiok, it was found impesaible to make the thickness

mum to minimum ring thicknosa varied on opposite sides by

again~ metal flow was apparently inhibited by frick%o~ of

the ring.

4 1/2” CD. ~n m. and

uniform when the maxi-

about .O~f’. Hero

the die walls aromd

Theoretically. by the use of specially shaped blanks$ pieoes oould

be maae with oored holes hy the use of graphite inserts. and drillin~ or chippiag

out the grsphite sores after pressing. The only work done along this Mne wan

the ring described above. It would probably be impraotiaal in most cases~ ex-

peoially with small holeaq because of the fragiMty of the cores and the difficulty

of prapar%ng a @uitable blank.

Gexiorally apeaking~ hot presai~ i~ limited to rather simple shapesO

?Meo of umderouts ●nd asymotric so$~ip$~; : : : :
●8* 9*.●m

●9*a9 ●oee
● 9 : ● *

●* ●:0 9** ● ** :00 ● m
-

-

.—.

● e
● @*

● .::” :“0 &i:&i$\T\r----:’L-
490

.a. m**-.

● e 9000090 ●
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Scrap Praduotion, Including Flash and Oxidation—.

. In IU06%oasetssflash (metal equoez~d betweea die and punch walls) i8

not important in a well-made die with good fit between the component parts.

Oxidation is more “8source of concern, together with rough mrfao’os.

Obviously, in a die with poor surface fimisho there is more surface area to be

oxidizea$ and al~o a rough surfaced die allows more air to eater= beca~isetho

fit between punoh and die ia poor.

It has often bsen toad.dered that another source of ox.idatioxv~parti-

cularly in the oano of the coarmm=grained graphites is air absorption o&athe

surface d? the die. This point has never beeu thoroughly cheoked. i@wevarO it

has been showm that very’fine-grained grsdes of graphite not only produce a

smooth surface~ but show muoh lose oxidatio)a. This@ however~ may be because a

smooth surtaoe deoa not form ao much oxide as a rough surfaoo.

Depending upon the size of the piece being pressed. the 10B8 due to

ox’’ciation(most ef which is reoom?rable) is nearly always lens than 1 per cmt~

and with piooes wei~hing ~0 to 600 gra.mao ‘&e loss ia usually of the order d

fJo~ per cent. The per cent loss naturally depends OR the ratio of surfaoe to

volume,

tiou For

Gas purity of

mi~imum 10ssO

the argox or helium is a very im~ortant factor in exida-

the gas is purified of Oxygen. nitroge?a,andvuater vapor

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

Pressing Temperature ●89 ● .9* ●*. 9*9°9 : ● ● ● O. .:.. .

:“yJM!NfEB‘“: ~ ~5be

●

... _ —. =

9

.** ●0: ::0
● e ● e* **m 9* —“’” —““--~
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should be hot enow;h, in practice it has been found that a temperature of’8G00C

is ~atiafaatory, Bemuse of some temperature lag between die and metal. and

because the thc+rmooouplejunction cannot bo embedded in the metal itself. it

is necessary to exceed the mitimm possiblo temperature by a safe margin to

avoid praasing during the beta-gazmM tranaformatioa. This has frequently

happeaod whea attempting ia press at or about 8009C0 with the roa~lt that part

of the metil fluwe~ while other pcn?tionsdo not. Successful pr’eseingshave beem

made in the rmga from 8500 to 925eC with little Eoticestblodifference in behavior.

Fig. 2 shows tho effect of varying temperature in pressing uraaium i~

a Tlat faced cylindrical dieO inwhioh the metal %wm pressed but mot “coined”.

That is~ the mstal was not forced out to the die Wallp but allewod to flew edge-

wise freely e%eept far 6urfaoa f’rict%on. The pressure em the original mmples~

(0.~0” in dkmcterand about 0.42” high) was 1500 pounds por sq. im. The same

Load was maintai~ed until flow ceaood, when the final area was measured and the

riml pressure cmsputod.

The results

pressure or amount of

show that in the range betiecn 850QC and 95C)0t’J,the final

deformatio~ of the eample~ varied vary Mttle-

IMfeot of Forming Pros6ure

As Iadioated in the disousaion on part toleranoeeP different pressures

are r6quired for different rshapea~ The pressure appears to depemd largely upom

M-x3ratio of aurfaoe area to thiokneaso In the ease of a 2“-OD hollow hemiaphero
●ma ● ●00 ●*9 90

with 0080n wallr over ~(XIOpounds “~$r~sq~cin~ &ra~&uired~ About tme came

vii(iretyxhd for a l#dXI sphere
tliiiki?f!~;i:”

on the other hand. 3105fi
--. ..** ●*O ●

● **** ● *O ..—
● b : 9.*●ma ..-.**

●e ●*a ● ● ———. “—

— —
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solid hemisphere o~ly required about 1800 pounds per sq. in. to &ill “&e coraers

@harply. Short solid cyliudore require about the ssme pressure~

At this stage of the artO aotual trial is aeoesaary to dotx?rmine

Mniraum pressure. The pressures quotod rethr Im the prejeoted area ●f the part,

i.o.a the OD oirolo area iu the ease of a hemisphere. Al&@. these)pressures

are those required to completely form or ‘tcoimt~the part~ If a oylimdew should

be reduced to half its height im a die wkke imid~ diameter is greater tham

the CD of the pressed partO the pressure required would be considerably t.uidsr

.%00 poudls pm sq. ia. Tho cylindrical surface would also be barrel shaped.

?.’hepremzres applied in a grsphite die must mot exored the low streagth

Sf graphiteO which varies with differemt grades of the ~terialo Generally

BpeaiciwO ~000 poumds per’sq. ix. is about the Mmit for the ordinary AGR gradea

used iB most of this work. Tho die WZt116 must be f%irlyheavyo about one inoh

thic?kor more, to withstand tho hoop temsion set u~ h the hollow die during

tinefinal stages of ‘;ceiming-out”or completely filling tho die.

Whea smo of the smoother grades of graphito are uaodO or whcm smooth

uie inserts are

duoed frictioa.

Pressing ‘limo

employed~ the required preuaure

This is particularly important

is somewhat lass because of!re-

in pressing thin seotioua.

Fig.

about 0.50” in

2 minutes, the

j shows tho ef’feetof time in pressing uranium oyliadrieal shapes

di~metw by .* te .h02n high., It will be)aoted that after about
* *US ● ●00 ●9* ●9

doformmtion doosO~i~t~c;~ng~a~pr&>\ably. The iaitial preesure

I

I
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was %he controlled variab3a0 the die was

that Ceifing did llOte6CUr. The SOURphMl

before. on the basis of ‘free flowft.

DIE MATERIALS

Ease ef

large enough compared

wero comparedP as

fos hot pressing dies ehould have the following character-

shaping (oastiag or macl’xhag)

Smooth surfaoo

M~Z1-reaCtiV@with ura?lium

Thermal shook rosistanee

Meohanioal strength at 900%

AbiMty te staudprolmged heating at $300°C

Ear2y in thework~ it appeared that If metal or ceramic iaserts (die

-a pumh facfng) oould be Used. muoh smoother surfac!esamd oleeer dimensioml

tolerances oould be held~ and if a castable ceramic was empleyedO complex ekpes

oould easily be moldo%

several experimentswith

Homver, there

This first

both types

seem to be

comelumiornbaa been prowd correct by

of inserts.

almost insurmountable difficulties in the

conkinued use of saoa-graphitiodie8. After ones or at the most, twe or three

prcwsinga with die imeerts they have invariably failed fer one reaaon or aaather.

~he metala alloy with uranium, e!$lfi~t>tit?J.%@”@?Obadlythat the insert haa to

De chiseltsdaway from the preadfe;:bi:~~i,t” 0 ?al are picked up cm the insert

;; ;;,a~ii’
..

●* —
● ● ●’0 ~~

● **. ●O* ●
● *O

● D* ● 0:
● * ● ** ● ●

eoe
● ● *
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or pressing. thus ruiuing the prossimg and the insert sim.dt.anoously~

la tho ouse of oeram.ioinserteO i’ail~e is apparently due te them:

shookc or thermal shock plus the loadiag stress.

At the present stage of the art$ the mo~t likely solution to the

i~i’@blemis very fine grained graphito$ when available.

Metal Immrts- ———

Various metals and alloys used u inserts will be discussed very

briefly individually.

Au might be amtioipated~ ordinkry grades Of tool Steel. inoluding .

“Crecar” obm%ainiw 15 per oont chromiume alley very badly uith uraaium at 850CC

?h the olean atmosphere required to pradamt ●xidationsof the pressing. Deliboratoly

widieing the slxwl first improveIsnwttoiw slightly, but the attaak attll persists.

Tho proprietary speoial high temperature alleys. Stellitm9 Hastelloy, and

ijteoditeowere HO better than oemmoa steel.

A high chromium-high nickel atbel with oomeidorable additions ●f

tumt:stenaiximolybdenum, now being used in gas turbines~ auper=ohargers and the

Like. -a else tried. It haa =ry high btrcngth at alcvwted temperature. A

stress of 5000 pouads at $XIOWCcauses hardly sneasurabledefermatiom for short

~eriods of’tlmeO but it was feiud to react very rapidly with uraalum. I’wedieo

wwre maae ox thin materiel ks a mbotituto for graphites and it appears to bo

suitable fk?rthim application if die imd?rtxsof WIT.Cother mm-ros.stive material

~oua be used Por the surfaoea i= contact with the urmiumo

A tungsten plcte stood up M well a8 _yU!WdM3 material with *ho
● ● ☛☛ ● ●:O ● 8O ● *

pc?seibleexoeption OP tuwgatea c}ti:m~s~.bui:~}.r{u~ima in spots. ?e.ntalum sheet
● * 9** ● 9* ●:a :.0 ● O

● * ● ** ● ** 0 ●
● *O :00 ● ● ● ●**
● em ● Om* ●
● *m*e ●
99* ● *: ::0
● * ● 00 ● ● . . .
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was not as Bood Bs tungsten, ldo~ybdenum alleys very readily

itasno valua for this purpose.

Wfficien%ly large pieces of silver-tuugstenalley

with uranium, and

(Elkomite) were

mt availabl.ofor a good test, but on the hsis of a small sample tc)st,alloying

was hardly moticeableo This is p@S6ib~y W*rth following up.

L@r a time~ oebalt-bemded +wq@xn carbide appeared te ●ffer the ~08t

promise of any insert material. aa several tests looked very goods with exceed-

ingly smooth BUZ’faCes. HoweverO more exhaustive tests showed a marked tendeaoy

M acne carbide samples te sFal10 and in somo Qaseso there was a alight tsndezmy

far the uranium to stick im spots to the oarbide. ‘J!Msdifficulty, plue that

@i’fabrication of the oarbide iatm some of the shapes that might be required~

caused further w~rk in this direotioa te be dropped.

Ceramic Inserts

Magnesia ia quite susceptible to thwnwl shook and proved to be tae

brittle. Added l!dgF2made a demserp ~moother struoture~ but the arauking tendenoy

was worse.

Eot premed BeO%’as as mocessful as anyoeramio inserts but the

tendenoy to crack away near edges and sharp corners could mot be avoided.

h$ul~ite (A12q)D Steatite (IMWMM!IiUm silicate)p and Alsimag (alumhum==

magnesium silioate) wero all found to be too susceptible te thermal shook. All

eamples of alundum oements tested were quite pcmua and gavo a rough aurfaoe~

They also oraoked ia us..

ZirOon (Zirconium eilioate) haa h~gh resiwtaace to-thermal shook. The
●** ● ●*9 ●O. ●*9** ● * ● *

● : :0
● m.** :0 ::

● ● 9
.* 9:0 :00 ●Z* Z.. ● .

I9* ● @e ● ** 0 ●
● ** ●*a. ● ● .’*
● ** ● 9** ●
● 00, : ●
● ** ● *: ::08* ● SS ● ● 8 ● 9
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tested samples a-ero of u rather coarse &tructureO and wero not fired vary high.

‘Mere seemed to be some reaction with the uramium which oaused surface flaking

of the ceramice A finer~grained. highar-fired ziroon might beheve reasowbly

Wdl 0

AftOr the

attention was again

exploratory werk on the metal and ceramic die matorialsO

turaed to graphite. with the idea of using finer-grained

material than tho normal AGR gracleso

Severai typos of fine grained graphite were tested, and fewd ta

yield much hnpreved surfaces over the A(W The AG?$Taad C-IS grades of graphite

(National Carb@n Compamy] looked premieimg. and C-17 mrbon was good, but

difficult to maohixm. A dimadmntuge Qf the C-15 and C-17 matoriab is that

they are available in plates only, rather tlwialong roumds~

Another advaatage of the finer-grained grades is a aemewhat higher

stren~th Lhan that obtained with the Coarser-grained grades~

While the tests on metal and ceramic inserts wero not exhaustive,

further fork aleng these lines appeared unmrramted. The tests on the fiao-

grained graphite were very promising, aud compared with the difficulty and time

ruquired to prepare either metal or d~e insortm, it oeemed as though the better

grades of graphite provided the best solution to the problem. With graphitea

machiaiag a moderately complicated die 16 rapid an~ ewsy oompared with using a

c%wamio insert where a mold must first be made. then careful fired to aveid

craokinga and followed prebably by a d.iffioultgriading or finishing operatiom

to imsuro emokh mrfaces and taleramea. Even if a oeramic piece oould be
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pressed smooth anough in

ficult %0 compensate for
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tisteel die~ shrinkage on firing xill always be dif’-

ibocuratoly,

OF THE GAMM HOT PRLSSIDX3PROCESS

The gamma hot-pressing prooess was originally useful for the pre-

3, It Wasparation of mall discs andhemisphercs (selid and hollow) et “+”.

a sati8faatorymethod for this early work when bhe shapes wore very s~mplo and

the amount of material limited, 8. that metal ‘wasnot

ri8ers.

Iiewever,as the shapes roquirod became more

held up UB in oaattng

oemplioatod, the oent of

dies and time Gf pressing renders the hot-pressing method unfeasible, and the

smaller cubes and larger sphere segments for oritioality teats were made by in-

vestment casting. Centrifugal aasthg was the natural method to u6e in making

sample rings, but hot pressing is returning to favor as the be~t method of shap-

ing heavy hemispherical parts$ either solid cm hollow.

It appaars probably tbat frem the standpoint of work for the projects
.

gammahot-pressing han 6een it8 heyday and will soon be an ebselete method, ex-

cept pessf.b%yfor ma occasi,owl pieoe for apeoial moaaurementsO or for the 25

implosioa gadget, it’used.

It is also used us ● step in the preparation of sheet -d foil. Muoh

ttimo oari be saved tn reUing by starting with a mmparativdy thh hot prtwsed

1)
See LA Report 398, Jan. 13, 1~~
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