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Delta-phase plutonium aan eesily be ret 81 ned Ett room temperature by 

the proper combination of alloying e.rd heat tre3ting. Alloys of this type 

ere frequently referred to as delta-ste.b111zed eJ..loys. Actuslly, the delta 

phase in ~ sueb alloys is metastable am. it Y111 transform to 8 more 

stable state when heated. or coozpressed. We have prepared a 11UlIlber of delta-

stabilized plutonium alloys containing Al, Zn, and Ce, and ha.ve observed 

their behaviors at pressuroD up to 11,000 atmospheros. Many ot these e.lloys 

transformed under cOllIl'ression, end their transformation presl'J\lres, trana-

formation vol\m1C changes, and campressibi1ities uere determiDed as a function 

of composition. 

"'a made our alloys by melting in an i nduction f'urnac:e umer vacua end 

casting into ingots about 1/'2" O.D. x 1-3/4" long. These ingots ware 

homogenized in the delta region m. 450°C for at least 200 hours, air-

quenched to room tsq>erature, and, finally, ma.ch.1ned to right cy11nders 

0.434" O.D. )~ 1.5" to 1.7" l ong. 

The compression measurements were made in the Bizlple piston and cy11mer 

device shown in Slide 1. The stst10nery piston is placed in one end of the 

high-l)l+sssure cylinder" the Bpl3c1r.len and Glycerine ere then inserted at the 

opposite em, followed by the insertion of the movabl.e p:1.eton. Dial. 1ndi-
.. 

':ators are e:ttae.h&lc1 to the mova.b.1e piston holder and guide and these iDd.1-

cators measure the liDear displacement of the movable piston. 

Tbe 8p!)eratua 18 sbown assembled in Slide 2. The force is e;pp1.1ed to 

the movable piston Y1th a 50 ton lamb6l"d press. A Baldwin SR-4 1014 eell 

is used to measure the pressure, vbich is transm1tted hydraulically to the 

specimen with t.he glycerine. Volume che.nges are not obtained directly trOOl 
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the dial ind1clltor ree.d1ngs beceuse 68 the pressure is generated the 

glycerine compre88os, the cylinder expands and the pistons shorten. 

loTe corrected the data for the c<npre8s10n of glyceriDe with the values 

published by Br"lc'4?'Mn, em for the OXJ?anslon of the cylinder a...n shortening 

of the pistons by calculations using elastic theory. 

The compression curves of seven Pu-Al. delta-stabilized alloys, con­

te:i.ni.ng between 1.7 and 12.5 a/o Al, are shovn in Slide 3. Irreversible 

tramf'ormations occur at 2040, 44')), am 7020 td::.ms. in the 1. 7, 2.5, am 

3.~· e/o p~ alloys, respectively. These trensformmioDS are due to changes 

of delta into either alpha. phase or a phase Il11..'rture of mostly o.lphe. end 

some beta. In ge~ra.l there r~.ins Sar.le UDtransformed delta phase a£'ter 

compression. fu transf'omations were found in the e.lloys containi!'lg from 

4.0 to 12.5 a/o Al wen compressoo. frt. pressures up to 10,600 atms. (The 

trtmsformat.ion pressures uere obtained by extrapolating the pressure­

volume curves e:t the 'transf'onnation breeJ~s; volumes of transformation BrO 

the percentage volume changes at the pl·essure of tl'6.D8:f'ormatiOD.) 

The transi"ormstion pressures snd volumes of trsnoforms.tion of thece 

Pu-Al nlloys are sbovn in Slide 4 plotted Bb"81nst atomic per cem eluminuIi1. 

They ere Geen to vary linearly w.l.th aluminmn content over the r~ of the 

cx:perilllentel. mensurernems. Alloys couteinine 0.8 and 1. 2 e./o Al were heat 

trea.ted am ex.amined. The 0.8 a/o Al a.lloy vas mostly alpha phaso plus aame 

beta and ammoa. phases am hEld a density of 17. 7 ~/ cc. The 1. 2 6/0 Al all.oy 

vas delta. phase tUX1 had a deDSit~· of 15.7 {gO/cc. The linear extrapole:tion 

to zero transformation pressure ia interpreted, therefore, as determining 

the minirn:u1:l amount of' aluminum, 1 atLlnic per cent, 1r1hieh is required to 

retain delta phe.se at roam temperature with the heat treatment being used. 
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The ex:trRp01Ett1on to zero voll.m1o of transf'ormstion occurs a;t 4.7 

s/o Al. Thera miebt be scme temeney to interpret this composition as 

the Pu-ricb boundary or the dslta :phase region on tlle Pu-Al phase diagram. 

This conclusion is ~ Justified, howver, becwse these data tror~ at high 

pressures em the otfect of pressure on this phase boum.ary is unknown. 

The ccmpression curves ot four Pu-Zn alloys couts.ining between 1. 7 

and 5.0 a/e Zn are shown j.n Slide 5. Our Pu-Zn alloy ccmposlt:J.ons are 

nomine.l and ma.v be hiGh by as much as 1.5 a/o. All of these Pu-Zn alloys 

transformed under compression. Their microstl'"Uetures af'tel" co:mpression 

showed V.t"edondnantly eJ.pba pllese with sane untrnnsfomed delta. and traces 

of bets phases. Also, Pu.~ 1TM seen in the microstructUJ.'"e of the 5 ej 0 Zn 

alloy atter compression. ~ne transformations occur at 950, 2520, 4.210, 5290, 

aDd 6320 mos. in the alloys conta1n1na; 1.7, 2.5, 3.4., 4.0, and 5.0 a/o Zn, 

respect1 vely • 

Irho tro.!Wformation pressures am volurlles of transformation of the Pu- Zn 

alloys 18 shown in SlIde 6. P.ce1n, these are seen to VfJX'y l1nearly With zinc 

conteut:. over tbe range of eKper1r.1entel meesurcnents and extrapolation to zero 

transformation pressure occurs at 1 alo Zn. 

Slide 7 shows compression Cur'\'eS of Pu-Ce a.lloys containing between 

3, 4 eM .:1. 0 a/o Ceo Allot these alloys Ul'ldergo double, irreversible trans­

formations UDier c:ara.prcsa1on. The f:t.rst, lower-preoG\l1oe transformations occur 

at 60 or less, 500, 1490 , end 1840 atms. in aJ.loys coDta1n1ng 3.4-, 4-.0, 5.0 

and 6.0 aJo Ce, respectively. The second., hi~er-l>l"'essure transformations 

occru.r m:. 3000, 4 y:;o , 6470, am 8220 atms., respecti vely • 
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~e have determined the nature of these double trensformstions in 

Pu-Ce alloys. Slide oJ show the delta phaso tlicrostructure in a If. a/o Co 

alloy n:tter heat tl-eatmGnt. Slide 9 show n trSDStormst1on stl-ucturc in 

the same alloy ofter compression tz,..z-oU/jl. the first, lOWQr-prllscrure treM­

formation, 'which was found to be irreversible delta-to-bata. This method ctm 

be used to retain beta phsae p1.utonium at roam t~atoU1"e and to malta beta 

phase alloys thst are !"ree ot voids and micro-ere.eks, s1nce the denser beta 

pheBe :'-s ceused. to f0l'1l1 undar compl·ess1on. Slide 10 shows tile final. tre.ns­

formation structure in the 4 a/o Ce alloy after comprossion th..1'"Ough the 

second, hie;hel·-pressure transformstion, wh.tch vas fO'llDd to be irreversible 

beta-to-alpha. This alloy :ls elso fi-oo of voids a..lId rllierocracks since tho 

denser alpha pbMa vas f'ormoo. under co."l,PrEls6ion. 

The volu:n.es of transforrnat.:1.on for boi;,h the first and second trfmStor­

mat10ns are shown in Slide II plott.od oeaillBt a:tCJ'!lic per c~nt ceriUL."'l. In 

both cases, the volumes of trcnsfoma:tions vrrry l1DtOOl·l::r 'With cerium content. 

Sl1de 12 shO't'TS that the transformation :pressures also v~y linearly With 

atcmic :per cent ceriw for both trnnaformetioM. The et::trapolations to v.ero 

t~anatormation ~e8U1~ occur at ,.4 alo Ce for the first, lower- pressure 

trenstor.oot1oD ~ at 1.9 ufo Co for tho saeoD!, higher-pressure transfor­

t:lll'tion. 

Slidr; 1, shows densities plotted ogeinst Eri;anic per ceut z.1nc, corium, 

and alumiDUm. The lower curve on each fiGUre shows the densities of the 

neat-treated alloys and the upper curve on each figure shows the densities 

of' the SBlllC ~.lloys after cOOlpression. The Pu-Al figure at the bottan of' the 

slide ohows that delta-stabilizoo. EIllo:rs in this esystCl1l w:lil ~ transform at 
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pressures below lO" 600 stIne., provided that they contain at least 4.5 a/ 0 Al. 

The Pu-Zn and Pu-Ca figures" in tho upper pnrt of' the sltde, show that all 

of the alloys studied in these Sjrstoos transform below 11,000 atms. Extra­

pol:nlon of these data shows that delta :phase containing at least 10.8 a/o 

Zn or 14.8 a/a Ce in solid solution would IPt be expected to transform. 

The compressib11ities of the Pu-Zn am Pu-Ce el..loys increase timerl,. 

wi th in::reasillg zinc or cerium comeDta gt, the ElPPl"Oximate rate of 

-6 -1 0.5 x 10 atm. per atomic ~!?Cr cent. The compressibilities of' the 

Pu-Al alloys decresse linearly v1th increasing e.lumillUlrl content et the 

-6 -1 
approximate rate of 0.1 x 10 atn. per atam:lc par cent. We do oot have 

2 good yeJ.ue for the compressibiLity of pure delta plutonium at roam 

tem:pare.ture i:1ut aKtragolation ot our dElta ~ ves a value near 3xlO -6 Ertm.-
1 

\-l'e have aJ.so made same eocper1J'llents With doltn-sto.bilizecl Pu-In alloys 

the alloys hnve not been hanogeneous. 
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PHOTOGRAPH OF 10 KILOBAR HIG~~PRESSUR~ .APP~RATUS 
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DENSITY: 15.56 Q m Icc. 
PHASES: 100 °/0 DELTA 
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DENSITY: 18.55 gm/cc. 
PHASES; 77 % ALPH'A + 14Ofo DELTA + 9°/0 GAMMA 





,.... 12 ~ 0 ...., 
Z 
0 10 -I-

/(~)I c:( 
~ 

8 0:: 
0 
lL.. 
(f) 
z 6 « 
0:: .... 
lL.. 4 
0 

(~)n/ LaJ 
:E 2 => 
..J 
0 
> 0 

2 3 4 5 6 7 8 9 10 I I 12 
ATOM PERCENT CERIUM 





10,000 ~----~----~----~----~----~----~-----, 

9000 

8000 
II 

• p~ 
(/) 

:=E 7000 .... 
<t .. 
lU 
a:: 6000 ::> 
(/) 
(/) 
lU 
a:: 
CL 

5000 
Z 
0 
I-
<t 
~ 4000 
a:: 
0 
LL 
(/) I 
Z 3000 p~ <t 
a:: .... 

2000 

1000 

o L---~~----~-U--~----~----~----~----~ 
I 2 3 4 5 6 7 8 

ATOM PERCENT CERIUM 



l!:. 
I." ~' 



19.0 

18.6 

18.2 

17.8 

17.4 

17.0 

16.6 

16.2 

15.8 

15.4 

>-
t- 18.8 
(/) 

Z 18:4-
ILl 
o 18.0 

17.6 

17.2 

16.8 

16.4 

16.0 

15.6 

15.2 

14.8 

AFTER HEAT 
TREATMENT 
AND COMPRESSION 

AFTER HEAT 
TREATMENT 

__ BEFORE COMPRESSION 
• •• <:::.... 

I 2 345 6 7 
ATOM PERCENT ZINC 

19.0 

18.6 -." 18.2 
~ 
017.8 
..... 
~ 17:4-
(!) - 17.0 
>-
t­-16.6 
(/) 

~16.2 
o 

15.8 

15.4 

AFTER HEAT 
TREATMENT • 
AND COMPRESSION 

AFTER HEAT 
TREATMENT 
BEFORE COMPRESSION 

15.0 L......----'-_L......----'-_L......----'-------'L-......l 

o I 234 567 
ATOM PERCENT CERIUM 

14.40 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 

ATOM PERCENT ALUMINUM 



1 

...? ...... = :z: :z: 


	(Elliott, R.O.) (Ellis, A.J.) (Ellis, T.)-6688_OCR
	(Elliott, R.O.) (Ellis, A.J.) (Ellis, T.)-6689_OCR
	(Elliott, R.O.) (Ellis, A.J.) (Ellis, T.)-6690_OCR
	(Elliott, R.O.) (Ellis, A.J.) (Ellis, T.)-6691_OCR
	(Elliott, R.O.) (Ellis, A.J.) (Ellis, T.)-6692_OCR
	(Elliott, R.O.) (Ellis, A.J.) (Ellis, T.)-6693_OCR
	(Elliott, R.O.) (Ellis, A.J.) (Ellis, T.)-6694_OCR
	(Elliott, R.O.) (Ellis, A.J.) (Ellis, T.)-6695_OCR
	(Elliott, R.O.) (Ellis, A.J.) (Ellis, T.)-6696_OCR
	(Elliott, R.O.) (Ellis, A.J.) (Ellis, T.)-6697_OCR
	(Elliott, R.O.) (Ellis, A.J.) (Ellis, T.)-6698_OCR
	(Elliott, R.O.) (Ellis, A.J.) (Ellis, T.)-6699_OCR
	(Elliott, R.O.) (Ellis, A.J.) (Ellis, T.)-6700_OCR
	(Elliott, R.O.) (Ellis, A.J.) (Ellis, T.)-6701_OCR
	(Elliott, R.O.) (Ellis, A.J.) (Ellis, T.)-6702_OCR
	(Elliott, R.O.) (Ellis, A.J.) (Ellis, T.)-6703_OCR
	(Elliott, R.O.) (Ellis, A.J.) (Ellis, T.)-6704_OCR
	(Elliott, R.O.) (Ellis, A.J.) (Ellis, T.)-6705_OCR
	(Elliott, R.O.) (Ellis, A.J.) (Ellis, T.)-6706_OCR

