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URANHJMALLOY17EVELOPMENT

UNCIA$SIFiED

ties,E3hx2Mbe of use h mmy fhnmtuml applicationsCR the mettd.eThe

X&hod CJf&ztt@OkWiS %0 studythe MiC~OSt2VX!tUr0 EWd ‘th ChY3Zl@ Of k!&3’df%?SEi

centerof’the

ad while

ciatdad ckxm mitt~. For a rapidpreliminarysurveysthe firs%seri9sof

alloyswas madewith additionsof 5 percentby weightd’ somemore prctising

eiementse A few alloy~with otkwwQRountswere latermade, ‘i’hetype OY
.
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the excaptionof’thes?and the uranium-columbiumheat,no obviow segrega-

tionW.SSobwnwud in any of the meltse However,chemicalanalysisof top

and bottomsection:of many ingotsshowedconsiderabledifferencesin corn=

position2probablylargelya resultof insufficientstirr3.Rgduringmelting

to cvercomethe krge differenceof’densityof the components.

The nominalaix’1actualcorr~ositionsof the heatsare shownin ‘fableII*

togetherwith thehardnessaftervariousheat traatmenis~
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bon

Wiickel

cobalt

Tungsrttn

cOpper

Molybdenum

Chmrdnm

:filvw

!.rmcoIron sheet

Electrolyticcathode

I!onik?lles

0.05in.Wizw

shot (BakerChemicalComptmy)

Molylldenzamblw

Ekcwaytic (unioncarbide)

Electroly%lccrystala(Aruwmnda)

columbium Powder(probablythermi.te)(1’oirmount
ChemicalCompany)

Manganese F2ectroYytic3
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&=b&$~hiT~L RESULTS—=.—

IW3DNESSTESTS....— ..-

W’and’ormdiorl,ps’ac$.pitattorl,Qr Othez’wlr.xl

were givene 2 honr annealingat $KIO”C~$

and -thenmrro m-heated for 2+our periods

Enlcc4x3$ivelyat toinpwitures d’ 30W c. to 7000c. in law st9pa0 me

ina vacuumfurnacethatwasla’tarco?istrucfxdo

It will be notedtinatboth the waniuii-moly’bdcmwmand the

columbiumalloysshcwhnrdnessim~rovementwith heat treatment.

UHmi.u!!-

The uran2um-

molybdmunialloyh paz’ticukr5.sinterestingbec.msenot onlydoss it
●

attainthe highesthazdnese,but also showsthe greatest@mwement in

Iw-@nass by heat treatment.l%e mlylxlenumalloy in the hardeststate

(Rocikwe21A’77)showedsomemalleabilityasa fragmentcould& peened

with a Mmner. A sectionof the ~.ngotof “UN 5 peramiialloymm quenched

from 900°C. andre+wrbedat 4.000C. ffxvaz-iousperiodsof time. Th

zwsultsare shownin ‘I’able111 ~% (S&asnote on fo210whzgpage.)

TAME ~11. RCEXRELLA HMU)NESSOF URANIUh?+l?iiRCHiTMOLYBDWUMALLOY-—-—.—..—— —---..— ——..
.

AFTERRH3RATING F’GRVARIOGSPERIODSAT 4000CA-—-e .....-+i..-k.-.-+.-..+.$..-....-...S-.IW’.--...-S .“,..-,*..>.-*

.9squenched Reheatedat ~OOoC. i’oi”
from9ofwc*

3.M?* 2 hr. i+hr. ~ ~~a M hr.: 32 hr.

68 7’7 78 7$ 77 76 75

.
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● TheirGIs littledif%rencein hardnessafter heatinglzimeti

hours,-thoughthe expectedtendencyto softenon prolonged

Timesshorterthan one hour

Conqni%sBiontests Co?npk)ted

am to be investfgatedo

● 0e*9*

i’olloczingtablesummarlzeothe

of one to aixtmn .

heabing is seen,

resultsd’ rsoliw

ho kte for iBC~U&3iOn in tho body of t?li3

Pure Uranium(b) cant 29,000 (c) (50)

Y?cmhal5$ MO allojr HT 207,000 280,000 ‘?6

?Jmlnal5% MO alby HT 206JIO0 2f3’7,000 76

hind ?$ Mo alloy H!? --- 193,000 —

(b) Partof’s in. diametercasting made i’orordnance,graphitecrucibleand
nold,)

[c)Flattenedwithout

(UT)Annealed2 hours

fracture.

gOO°C., quenched,reha.ated2 hourssGOoCe
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As indicatedin the table:the umniuii-mickel~Uranium-manganese

meltedon heat treatment,both at ‘WO”Co and 8000C., while the ‘uranium=

chromiumalloymeltedat ~00°C., but not at &M.1°C.$ thoughit cracked

Wily on quenchingfrom thts %emjperatnreoThe Uranium-platzinmalloywas

so brittleas quenchedthats M@~t tip with a hammerwas enoughto fxacturo

it. The ‘uxanium-Sronand uraniuwcobaltwere too brittleas ca8t to ‘be

sawed,and were‘esrclu.dedfrom furtherwork.
?

Becauseof varymarkedsc+g~egationof the uranium-columbiumaHoy9 the

hardnessresultsaz’edoubtful,althoughtherewas remarkablylittlediffer-

cnw in hardnessbetweentho various areae tested. The columbiumwas appar-

wtly onlysligh%l~solubleand ‘lE?CgregatiiOnnin ectuallycau%xxl& aggrega-

tionsof columb$umpowderirregularlydistributedthroughoutthe melt.

Afism tho f’irstfailurewith the thoriumpowderaddiidon~two heats

=are made addingcompactedpelletsof the thoriumpowderto the chergo,one

gr~:enand the otherpre~ainterodin vacuum, The formermethodappearedto

‘basomewhatbetter,but in no casewas thereevidehceoi’significantSOW=

-bilityor alloying.

The ingotswith 5 and

freesurfaces,particularly

ci the 0.2 percenttitanium

-Jslzal.

.

0.5pemmb titaniumhad unusuallyCWM, cxMo-

on the titani-am-richphase,whi2e in the cese

heat,the surfacewas”coveredwith oxideas
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Analysrm of smm of the ~,ngots(madeby L. M. &rry and E, Mxwll of the

c?homistrylaboratory)are giwn in TableXI. The analyseswere made on the .

sawingsmade duri~~t.hocutting of’the ingotinto samplesfor hardnessand

microstructureatudiesd Althoughsawingwas perfoxvmdundera copiousflood
.

of coolant,the ~avrlngswwe oxtdizedto someextent,but not enough.seriously

the resultsfor minoreonstitucmts.The sawingswere CMtabcut l/~

the top of the ingot,exceptwherea second~igureis reportedin

The adc?fti.onalfigureswere obtainedfrom sam--lescut new the

the ingot;in no

f-ill,oys(the melts were not

casewas the extremeupperpoAion of %he ingotused

upper samplescontainedhigherpezxxxrkgesof the

lowerpart of the ingotseven when separationinto

This may be due to incompletemixingof the molten

stirred,and electromagneticstirringwas extremely

smll sfncethe netd was shieldedby the graphiteCrucible),or perhapsttm

compxxitiondf.fferenceis due to gravitysegregationduringsolidii’’~cstiona

~i~ichwas slowenoughtO allowseparatd.onof a lightsolidconstituent if not

enmeshedduring

in %!m platinum

The worstverticalsegregationin the absenceof liquidimmiscibiii-tyww

foundin the uranium-nickelingot,followedby the ironand cobaltallcys~

Fortunstalyathesesystemsappearto be only of academ$cinterestas their

mechanicalpropertieswere fcundto be very poorO

The liquid-seg~egatgdtop of’the uranium=titani-iingotanalyzed16e6

percenttitaniumwhile justbelow it analyzed208 percenttitanium,but

● probablycontainedsomeof the lighi9rliquide VW %nm M the uranium-zircon-

ium ingotcontained25.5percent zirconium.

~-:!

~-- —



“%
A... -..

-.



Electrolyticpolhhing~ usinga solution

faras 600grainCarborundumon a biUiaml

with a currentof’about40 milliampere on

phospmx”lc

usedafter

cloth

a speci-

A swnicylindricalstainlesssteelcathodsabout3 in.in dimm”kr wae employed.

‘I’Mspecinm~ mountodin bakelite,lay faceup oiithe bottomof tineb&kcm~

Contactwith it waa made by a platinumwiz’epressedegainstits surfaes~

in 1=3nkinutese

FIhotomicrogrQphQof most of’ WWI alloys of’Table11 in the es-castand

● m=quenckl conditionhavebson prepared. In many casxmthe structureas

‘ polishedas well as afteretchingis glwn.since detailIs sometimeslost on

otc?dng. All photomicrographswere takenat a point represartedby the ‘%ppern

anelysisof ‘MbleII; exceptfor Figs.4S 6P 3& and35 (%@~vf= no. ~~~2-~~

2005=0,2004-QOp2024=1~204%2).

PURE URANIU&cFI~$~.=Q—.. ...

F’ige1 showsthe characteristicstructureof coiiarcial~yFure vacuum

itiilteduraniumwith copiou~cubicalinclusionof carbides(etohingdark)9the

Weu~c~~ciIpgtche8whichrWaYIW a uraniuw=uraniu.m-oxideQIXhcticQ Also vie=

ib?.eare mechanicaltwinswhichare oftenseeni.nthe alhye, arilprobably

rwwlt fromsawing,grinding$or ctthermaltreatmentof the curface~ A

BiMilarsample,quenchedfz*on9000C. (FigW2),showsmany f~we.rcarbidej~r-

tieleti~indicatingsomesolidsolutionof carbonat this temperature and a “





-32-

● ‘woIIdevdoped networkof’somephaseprecipitatingat *’subDgrainboundar$e80w

Fig. 3 shows8 transversesectionO? the extrudedrod. it is very similarto

Fige 2 except that the particlessuspectedto be carbidefiremore nu!wrous,add

ma no% of CUMC shape:presumablybecauseof the thermaland xschanicalhistory

of’the apecimone

~Rj

The !5prconturaniun-ironall~ is

broughtOIZtno furtherdetail,but ‘&xMed

Apparentlythe matrixis an Mtemetallic

shownin Fi.g~4$ unetcheda Etching

to obwwre the Btructuras.omewhat~

compoundjudgingfrom the extreme

brittlenessof the allq, and the dendritesare probablyprimaryurmxhuz-rich SOWI

soluticw

yMJJI&4JtJc>WIG ‘5

The structureshownap~arQ to be that o? primaryuranium-richdendrites

cmted witha reactionrim, indicatinga poz’itecticwith fhml solidification

● .<3a euteoticq The presenceof the eutecticfits in WO12.with the observation

thattho alloypartiallymeltedor annealedat 8G0°C0

~NHW=COBALQ FIGs~

This alloy is structurallyidenticalto uranium-iron.

jlRANI171%d!lJNGS1’JjJlJ&~8

The structureof the castalloy

pure metalexceptfor thepresenceof

is practicallyidenticalwith that O? tha

cubes,of a tungwten-~%chphase,probably

nearlypura tungsten. The tungstenhad beenaddedto the chsrgw

Several piecqsof it were stillpresentundissolvedin the final

leastsomehad gone into solutiona-iithe meltingtemperatureand

beforethe uraniumo The cubesof tungsten=r~cbconstituent.mma

as wire,

ingot,but at

had solidified

unaffectedby

electrolyticpolishingor etehing,evidentlybeingelectronegativeto uranium

● The quenchedsample~howsa rathercopiousamountof a finelydividedphase

whichmay be sometmgwten aepsrathg from soli,d
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q-uatiequenchO The carbidephase seems~o existin the sameformas in ~he

originaluraniumsample.

illUU’?IWCO?PMJJFIG&9~JlJ.

T’necopper-richportionat the top of the ingotwao not examined,but

the photomicrographsshow the structureo-fthe bulk of the ingot. The globules

shownin both picturesare supposedlya copper-richphase$but it is hard to

accountfor theirdhrlxibu.tion by any commonsolidificationmechanism. Anneal-

ing at 900°C. producedno visiblechangein structu-re.Note that the carbide

.ah%ein thisd~oy c~~s’td~ze~in the form of crossesQ

l’nthe as-castcondlfxlon,the 3 percentand 5 percentalleys(Figs.12

and 13) showa somewh~tpoorlyresolvedduplexstructurenot unlikea troosti-

tic steeland cl~arlyresultingfrom transformationand decompositionof’a

● high temperatuxxephase,for there13 evidenceof relatedorientationdifference

in grainsresultingfrom largerones,and revealedby the distributionof the

W@y dividedprecipitatedphasoc The sampleof 5 percentmolybknum quenched

?ran9000C. showsnearlyeverythingin solidsolution,aZthoughthereare

many small inclusfozm of “carbMeor mm9 metallic constituentwhichhave not
.

completelydissolved- Apwrently a eutectoidis formedwhich~when decomposed

at a 3uitabletemperaturelevel,can causecomiderablehardentngthroughout

tbe alloy. The 7 percentmolybdenumalloyshowswhaiiappearsto be ‘discon=

tinuousprecipitation,“ the dark etchingareasbeingareasthathave decomposed

and protiablyrecrys~allizedAnd whichare evidentlygrowingj.htothe white

etchingareasof probablyuntransformedgammae

●
yRM3T~g’rJ4Jyx. q?_l&

The structureof the caat alloyis diffhil.tto explain. What seem to

“M primary dcmdrites have scme constituent like a ewtec%ic in them. ‘&y me

—.





●
quenchin~from500°C. the chromiumwichphaseof the eutectichas spheroidi,zed

whtlethe main constituentshowsunii’ormmarkings,indicatingsome solidsolu-

tion and decompositionduringqucmhingo

WRANIU71?-SILWER.FIGSJ7’70—.. —.

The cast structureshorn(-besidesthe characteristiccubiccarbides)SXMOX

pdxkes of a silver-richphase,exag~eratedin sizeby etching. As usual,the

cerbld.wme takenintosolutionafterquenchingfrom‘900°C. (Figa~18, 20)~

The ‘unetchedsamplesgivee betteridea of’the amountof the silverphase. Somo

of the smallinclusionsin Fig. 20 are incompletelydiscdvod carbide. Very

~+ttle~ilverhad remainedin the alloy.-.

URA~lI.IlM=40LlMBI~~—. . -.

This alloy showedthreedistinctzonesbecauseof segregation.The

● Iargestamountin the cast sampleappearsto & a two phase Wnartensiticrn

structure(rig.21). The martensi-ticappearancewas more clearlydefinedafter

quenchfngfrom 900°C. (Fig.22)0 Bothbeforeand afterquenching,another

zonewas visiblewhichhad no martensiticnwrkings. An intermediatezone

(Fi#.~) occurredin the quenchedsampleonlye

a primarylightetchingphase,surrounded

bya Gutectic. Som p-reeipit.ateis visiblein the primaryphaseat higher ,

magnification(Fig.26).

Particlesof an undissolvedphase,probablytantalum,

i~ath~r i~*regularlythroughoutthe sampleO Greatdifficulty

rere distributed

was encounteredin

obtairinga satisfactorypolish. Xt is possiblethat the secondphasedissolved





.

● the lack ofpartfclesin Fig. 2~0 No significanthardnessehange6.oceurrd?

biitmicrostructuralevMencc3of precipl’tationin the qu9nchedsamples.J40WJ

that somesolutionhad occurred.

IJRAJ.gxx%JJJl_Ay-’J’Gs*eJo&&J~

The as-castallGyap@em to’eons~.3tof tmo pba3es,one as a i’indy

dividedprecipitatefrointransformedhit<htemperaturephaseo ‘W thinblack

barsare eithe~a platinwnbearin!~phaiwor carbide. The quenchedsam-pleshows

chieflya singlephasestructurewith c.onsi,dera?ilc!finely dividedconstituent~

URANTUM-TxT.4JiIU&FIG. ~~———.

The structureshown

of the ingot,and appears

in Fig. 34 i;

to consist :f

characteristicof the urnniumrich part

two phases,ratherfinelydividedwith

a suggestionof a martensiticappearzncee

●
URA?nUM-zIRcoyIMG=fi.——.— ,.

The as-caststructureof the zirconium”richpart of

two phases~very finelydivided,in Me usualarrangement

the ingotconsistsof

reminiscentof par=

appearsi.ntflegrain

boundaries.The carbfdeparticles,in usualform,azzemore evidentin the

unetchadspecimene

It is obviousfrom the photonicrcgraphsthab&dditi.onof most of the

elemsnts studi,edcausesthe forrnaii.anof intarme”ballicccmpoundswith uranium.

impossibleto retainthe high tern.pcxatureformsoi’uranium@ quenching,but

it is to be expectedthatadditionsof certaindlo,ying elements will go into
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solution in the gammaphase,and changeboth the temperatureand rateat which

it transformson cooling. ‘he pseudo=martensiticstructurevisibk in sever81

of the photomicrographsand containinga finelydividedpreclpttctewith defi-

niteevidenceof hatingbeen depositedfrom one phaseor both of a WidmanstWten

structure~ seemsto resultfrom tinecombinedchangeof crystalstructureon

passingfrom gammato alpha (withor withoutintermediatebe~ fcrmaixion)

followedby precipitationof a phasecontainingthe secondconqmmrt, which is

less solubloin alphathanin gammae The analogywith the fron=r.arbondiag~m
f

is apparently oulte close, altinoughthe hmdnesses obtainableare not commei~-

surate,probablybecausesubstitutionalratherthan interstitialso2utionsare

“involved_The martensite-li.kestructureis observedclearly‘Lnthe alloyswith

molybdenum,columbium,tantalum,platinum,titanium,and posxiblychromium. It

can be assumedthat in each case sufficientvolubilityof the elementhas

oeu.$rr~dtoI.@evesufficientdifferencesof compositionto nake the resultsof

the allotropictransformationvisiblecn etching. Howover,only in the case

of molybdenumfs the anountof selubilityeven nearlyas high as the amountof

elementadded,5 pertxritby ~jej.ght.I’urthertestswith smallerpercentages

of the abovuelementsand with more carefulquenchings.replanned.

HJWR~h!ENTSNIITHONE GRAM lilU.#S——.--—.-... ..

Severalone gre.mheatsof uraniumwere made in hhevacuum

nace,using3 or 4 shortlengthsof 0.04 ins uraniumwire. The

inductioni’ur-

VacmlmWas

aboutone m?.eronduringmelting. The cruciblesusedwere of zirconi~,and

had internaldimensionsof about4 mm.,diameterat the bottom,6 mm. diasieter

at the top,and about20 wm. high. Oxideskinand surfacetensionprevented

tilemoltenmetalfromflowingintoa satisfactoryingot. At best o~,~~about

hal-fthe ingotcouldbe used’for hardnessor compression‘btss ~t~~

‘Me addit~.onof about0.5 percenttitaniumhydridedid not greatlyaid ‘“

cousolidationO

.— . —.— ...-
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Inrrm.Tm.K--... —

investigationof uranium=mo~ybdenumalloys

composj.tionand heat treetment~ TMB sill

of the constitutiondiagramin the region

of 1-10percentmolybdenumor higher,and compressiontestson selectedeompo-

eitionsand heat treatments~

The work on one gram

investigations aftera new

beetsis built. ‘lYtiswill

sol%datione

heatswill be eventuallyextendGdto cover new alloy

vacuumfurnaceespeciallydesignedfor them small

includea methodof vi&~=atingthe nelt to aid cono
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1’”~ VacuumMeltedUraniuM$as Ca8’t.
Etchedelectrolyticallyin l@J oxalic
acid.“

2001443 x 100

.._ -—

-..—.

I

Fig. 2. VacuumHeltedUranium,
quenched$100°C.
Wchcd electrolyticallyin 10$ oxalic
acid. I

2001=’CM x 100 j

;

.—

acid.

20J?J%=1 x 250

●

,

1

.—

Note: AH figurecaptionsgive nominalcompositions;sctunlcompositionsare
oftenconsiderably10WW.
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2?302-0

EL&&, Co-U Alloy, as cast
k!Gt etched.

2005-O x Ioc
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u._2~~ ,5 Cb=U Alloy,as
9000co

quenched.

10% oxalic

X 250

I

.

X 250
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Etched electrolytically in 1~ oxalic
acid l
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