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ABSTRACT

!lhemetallographicpreparationof P1.utonium-cwbonalloyssmples

havingcompositionsin the range~ to 57 a/o carbonis described;

and some of the opticalmicroscopy,microhardness,wlume fraction

analysis,and X-rayd,ifflractometryresultsthus obtainedare presented.
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INTRCOJUC!IZON

!lhepoor qualityad rapiddeteriorationof polishedaxxletched

surfacesof plutonium-carbonaKLoys have been obstaclesto the effective

opticalmicroscopyof thesealloysad have hixxleredxuetallographiccon-

formationof detailsof the plutonium-carbonphasediagram(seeFig. 1).

Recently,however,a techniquewas developedthat has routinelyproduced

metaUographicresultsof acceptableqpality. The purposeof this

reportis to describethis new techniqpeand to preserrtsomeof the

optical.microscopy,microhardness,volumefractionanalysis,and X-ray

diffractometryresultsthus obtained.

JWI.OY RxYPeration

The specimenswere preparedas arc-castbuttonsby co-melting

plutoniumand s~ctroscopic-e ccu%oninaninert atmospherearc

furnace. The buttons,eachweighingabout8 g, were invertedad

remeltedthreetimesto ensuretheirhomogeneity.Weightlossesduring

the preparationaveragedabout25 mg ati were ascribedto the loss of

smallchipsbroken

meltings.

Mounting

The specimens

foldmwingmanner.

fromthe buttonsduringthe secondand thirdre-

far metall.ographicexaminationwere mountedin the

Each specimen,a sawedor cleavedsectionof a button,
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was placd wiwn a mold co~isti~ of a Teflonring on a Teflonsheet

and coveredwith a liquidpolyesterplastic. After the plastichad

Solidifiedati curedovernightat rbom temperature,the mountedspeci-

men was easilyremovedfrcunthe Teflonring. (Theuse of Teflon

~eatly facilitatesremovalof the mountedspecjmensfkm the molds

and allows the moldsto be reusa Mny times.) A holewas drilled

throughthe back of the plasticmountto allowelectrical.comtactto be

made betweenthe specimenam a metalprobeused duringthe subsequent

electrolyticpolishingand etching.

cbinal~

‘Jhemountedspecimenswere manually~ound on silicon carbide

PP~s (100,MO, 244),320,b, ad 6W grit sizes). The essential

difl%rencebetween+2ELsstepad the usualgritiingprocedureis that

the specimenswere grounddry,whichinvariablyresultedin a bright,

shi~ specimensurface. The grimlingwas done in gloveboxes containing

“normal”laboratoryair of appmxhnately50% relativehumidity. The

sampleswere not mechanic&Uy gruumlor polishedbeyotithe 600 grit

stage.

ELectrOPolishi ng axxl R.ectrOetchi~

Afterbeingsouxil,the specimenswere simultaneouslyelectro-

lyticallypolishedand etchedat 20 V (M) for 1 min in the folJ.owing

solution: 133 ml aceticacid,25 g &03, and 7 ML of’ ~t~e ~a~

the resultingsurfaceswere sli@tly undulant,theywere smoothati

sufficientlynonreactivein air to be subjettedto metall.ographic

examinationoverperiodsof severalhours,exceptfor the specimens

contacting~C30 The alloyscoutaini~ FU C
2 39 in particularthe

57 a/o carboncomposition,were more reactive;but use of the above

techniqyealluwedthem to be ~ned for as long as aboutan hour at

one time. If more than an hourwas req~ed to finishthe examination,

a 10 sec re-etchat 20 V was necessary.
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METAS.LOWLHIICRESULTSAND UBSERVATICINS

Earaness Measurements

MLcr0h4Mdnet3smelmuremexrts were made with a Leitz mlcr~ss

testerin the open laboratory; the spread Of contaminationwas amided

by usingdisposableplatensto supportthe specimens. The 1- w&3s

sta~zed at 25 g. Since both WC ad ~C5 are h-, me

indentationswere small.,whichresultedin relativelylar~ errorsin

the measurementsand contrititedin pwt to the large scatteramong

the hardnessnumbersobtainedfor any singlephasein each specimen.

131Q. ‘Ihemicrohard.nessresultsfor PuC are listedin ‘MileI.

me few uxusuaUy Mu values were probably due to the presenceof a

~ MM Wecipitate of zeta,indicatedby striations,in the PuC.

Sincezeta@ WC wl.thtiationa are alwayssoft and sincestriated

WC is foud only in alloyswhichif In eq~ibrium would containzeta,

it seemslikelythat the striatedFuC contatnsan extremdy fine

~ecipitate of zeta (seeIILg.2). Assumingthat this a@lanation is

correct,the data then ificate thatthe Hess of PuC increaseswith

increasingcarboncontent,veryroughlyfrcm about500 to gOO DPE.

Sincethe range of values obtaj.ned from any one spechwm was large,the

MMness may be orientationdependent.

zkta. Manyhardnessmeasurementswere made on zetablades,~

all.valuesfell.between108 and 150 DPH. However,sinceeach inden-

tationoccupkl the entirewidthof a zetabladeit is probablethat the

hardermatrix,~pha plutoniumor FuC,helpalto supportthe itienter

ad thatthe true hardnessof zetais lessthan 100 Dl?H.

VolumeIhcticm AnaI.Ysis

Volumefkactionmeasurementswere made by means of the systematic

point caurtingmethodon entirespecimensections. Thesemeasurements,

correctedfor the densitiesof the phasesbeingconsidered,were plotted
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vs alloycazpositionin Vjo. Extrapolationsfrom the plti of the

measurementsof’the spac~m heat tieatedat 555 uxil 61.o”ct&.icated

a small solubllityof plutoniumin @3 (see‘JkbleII). However,the

specimensheat treatedat 855°C con~i~ considerableFM precipitate

withinthe ~C3 demkltes (Fig.3). !l!htsprecipitationof FbC in fi2C5

at 855‘C ixllcatesthat the mall eqpillbrlumsolubillty of @utonium

in Fu2C3 (- 1 a/o)may occurat a saaewhathighertemperature,perhaps

at the peritectictemperature.No precipitatedFuC was observadin

the 555 ati 6100Cspec~ns, but thismay be due to insufficient

time at the heat treating temperatures.

X-ray Difmactcmetry

The phases identifiedby Uffractanetrywere the same as those

identifiedby opticalmkroscopy (seebelow). !llhreegoodtracesof

zetawere obtainedwinch showedseveral.linesnot repmted by Mulfard

et al.1 Mm fromthesetracesare listedin ‘lhbleIII.

optical Microsco?)y

The results of o@ical JELcroscopyare suxnarizedin ‘l&bleIV, ati

a few typicalmlcrostructures=8 illustratedin ELgs.4 through 9.
fkta FeritectoidTemperature.The zetaperitectoidtemperature

2reportedas 575°Cby MuUord et al..1 and as 55&3°Cby Rosenet al. was

redeterminedby meansof opticalmkroscopy, diffractcmetry,ad

microhardnessmeasurements.A ~ge 25 g hmOgenOus alloybutton

containing~ a/o carbonwas examinedin the cast coalition. It ~S

then sectionedto form severalspecimens,all of whichwere heat

treatedat 557°Cfor 2,112hr. The specimenswere qpenchedadl feud

to consistof zetaplus a smalltsnuurrtof alphaplutonhnn. lhree

specimenswere then annealed,one eachat 565, 577, ati 585 * 2°C far

43 hr and quenched. Ikdness cd X-raydiffractaw&y resultsidlicated

that thoseannealed at 565 and 577°C stillconsistedof zetaplus a

swill cznount of alpha. The specimenannealedat 5&j°C, however,

COnSiBtedOfiy Of fic ati &i.’@M.It followsthat the zetaperitectoid
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liesbetween57’7EM 585°c.

The use of Ury ~rxling in preferenceto wet grirdingarilan

electrolyticpolish-etchinsteadOf mechanical polishing has s@lifted

the metallographlcpreparationof WC alloysend has facilttat~ their

examination.kti obtainedfhcm ~Oyfj thus pmpSuwd iIiiiC8te thAt

the hardness of FuC increasestromabout500 to gOO IYPHwith increasing

carboncontent,that the tme hardnessof zetais probablyless than

100 DPH, and thatthe hamlnessof ~C3 is a~oximately ld.00m.

Volumefmction amlysis data i~cate that ~C3 wiK1.dissolve

approxhately1 a/o plutonlumat sam temperatureaboim855‘C. The maxi-

mum carboncontentof the PuC phaseappearsto be 48 + O.5 a/o carbon

accordingto the volumefhacttonmeasurementsati slightlyless than

48 a/o c=bon accordingto optical.metallography.The minimumcarbon

contextof RIC, accordingto opticalmetallography,a~e~s to lie

between42 ah 43 a/o carbonat 61o‘C and between43 ad 44 a/o carbon

at 550”C.

A few linesnot preciouslyreportedwere detectedon several

gooddif&actcnnetertracesof zeta.

The zetaperitectoidtemperature,as determinedmetallographically

with equilibratedati heattreatedspecimens,appearsto lie between

577 ati 585°C.
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‘hble I

Mmhardness VaZuesain ~ (25 6 Iod f= ~
Plutonium-du?lxmJUloys
Puc

Heat treated Heat treated

a~o C Z&ta As cast 555°C 61.o”c h cast 555”c 6M”C

38 lo8-150

39 IJ.O-145

40

41

42 u3-150

43

44

45

46

48

49

51

57

363”

331b

‘@a

688

2mb

724

825

835

839

%9
1004

838

4gl

543

735
424

w

931

~k
885

840

208”
2k5b

689

576

3nb

$#klb
500
789

775

834

672

‘n9

1OI$ 33.61

1051 U.27 956

lo2g 12Q4 1.u2

a !lhereportedvaluesare averagesof at leastfi= readings,whloh
vartedas much as * 50 DPEN in the same specimen.

b Theseunumally low valuescan probeblybe attributedto the presence
of a fineprecipitateof zeta.
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Mble lZI

DiffractcaleterR&ult6

Ma Powderl?att~
of MtiLfordet al. 38 alo C

in d(l)

39 do c h3 do c

2.915
Puc
2.825
2.693
2.591

Puc

2.447
---

1.881
Rlc

1.737
..-

1.p4
---
1.562

---

Put
1.482
---

1.438

Pllc
1.421
1.358
1.228

“--

1.162
1.144
&c
1.ly3
1.113

-..

l.ogg
1.075

2.882
2.879
2.7).2
2.683

2.880
2.879
2.706
2.679

---

2.879
2.708
2.673

---

2.455
2.193
1.890
1.748

2.4~
2.454
---

1.890
1.750

-..

1.729
107I.I.
1.581
---

---

1.226
l.-pc)
1.581
1.565

1.515
1.493
1.483
---

1.441

1.514
1.492
1.482
1.46g
1.441

1.428
---
---

l.ug
102Q7

---
-..
---
---
---

1.U3.
---
---

1.429
---

1.358
1.229

---

---

1.144
--”

---

10IJ.4

1.UJ.
---
---

dtm
2.453

---
---

10751

-..
---
---
---
---

---

1.493
---
---
..-

---
---
---
---
---

1.163
---

..-
---

---
---
---
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@tlcal Mloroeloopy

Heat-’&eated

TableIV

Resultsfor the As-Cast●ti

Elutonium-CarbonAlloys

=~l:ion,
As Caut H.T. ●t 555°C H.T, at 61.00C

38 a.Pt,l+ PM? -l% + Zeta a-h + F&

39 CZ-PU+ I%* C%-FU+ Zi?ta a-m + Rata

40 a-fi + Rlc && + Z&a + NC a-h + Rlc
41 a-al + kc CAl?u+*+mc CX-PU+ Rlc

42 Q!-& + fica O!-Fu+&ta+Rlc aal + he

43
44
45
46
ha
49
51

57

a-l% + WC

Cz-Pu + Rlc

CbFu + Fllc

Rlc +
% C3

‘c+ %C3
WC + ~c3

Fuc+ ~c3
&c + ~c3

ate + Puc
Rlc

Rlc
b

FUC+FUC
WC + R12c323

‘c + %C3
Fuc + ~c3

aJU80 contained zeta precipitate.

b l?Ore@.t becausecapsulefailedti

Rid’
Puc

Fuc

Fuc

‘c + ‘2C3
Fllc+ ~c3

‘c + ‘2C3

‘c+ %C3

specimenoxitized.
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Ftgure1. Plutonium-carbonphase diagram of MiLford et al..l
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Figure 2. I?Lutorxhzm~2a/o c=bon alloyas cast. 1000X. Notethe
fineWidmans%~ttenprecipitateof zetain the PuC matrix.

Figure3. Plutmium-57a/o c~bon ~oy, heat treatedat 855°Cfcu?
624 hr. 500X.”Notethe precipitate of WC in the I%2C5
derdrites.
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Elgure 4. plutonium-k) a/o carbon alloy, heat treatedat 555°Cfor
840 hr. 500X. PuC

r
ins with sets blades growing into

the alpha @utonium @k intergranularmaterial).

Figure 5. Plutonium-39 a/o carbon alloy, heat treated at 555 “C f’or
864 hr. 500 X. Zeta blades in a matrix of alpha plutonium.
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Figure6. ELutonium-39a/o carbonalloy,heat treatedat 61o”c for
817 hr. 500X. WC grains with striations from zeta
precipitate in an alphaplutonium matrix (dark inter-
granular material).

I?Lgure7. l?lutonium-43a/o carbonalloy,heat treatedat 555°Cfor
864 hr. 500X. %ta grainsin a PuC matrix.
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Figure 8. FILutonium-w a/o carbon alloy, heat treated at 555°C for
8113hr. 500X. Note the residual.
heat treatment.

~C3 left af’terthe

Figure9. PLutonium-57a/o carbonalloy,heat treatedat 555°Cfor
794 hr. 500X. RZ2C3demlritesina FuC matrix.
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