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Delta-phase plutonium can eesily be retained st room temperature by
the proper combination of alloying and heat treating. Alloys of this type
are Trequently referred to as delta-stabilized alloye. Actuelly, the delta
phase in mony such alloys is metestable and it will transform to a more
stable state when heated or compressed. VWe have prepared a mmber of delta-
stobilized plutonium alloys comteining Al, Zn, and Ce, and have observed
their behaviors at pressures up to 11,000 stmospheres. Many of these salloys
transformed under compression, and their transformation pressures, trans-
formetion volume changes, and comnressibllities were determined as a function
of composition.

Ve made our alloys by melting in an induction furnace under vacua and
casting imto ingots about 1/2” 0.D. x 1-3/4" long. These ingots were
homogenized in the delte region st 450°C for at least 200 hours, alr-
quenched tc room tampersture, and, finally, machined to right cylinders
0.k34" 0.D. x 1.5" to 1.7" long.

The compreesion measurements were made in the sirple niston and cylinder
device shown in Slide 1. The ststlonary piston ie placed in one end of the
hizgh-pressure cylinder, the specimen and glycerine ere then inserted at the
opposite end, followed by the insertion of the movable piston. Dial indi-
caotors are attached to the moveble pistom holder and guide and these indi-
cators messure the linear displacement of the movable piston.

The apperstus is shown assembled in Slide 2. The force is spplied to
the moveble piston with 2 50 ton Lombard press. A Bsldwin SR-4 lo&d cell
is used to measure the pressure, wich 1s transmitted hydraulically to the

specinen with the glycerine. Volume chenges are not obtained directly from




the dial indicetor reedings because as the pressure is cenerated the
glycerine compresses, the cylinder expands and the pistons shorten.

We corrected the dete for the campression of glycerine with the velues
publighed by Rridgman, end for the expansion of the cylinder and shortening
of the pistons by calculations using elastic theory.

The compression curves of seven Pu-Al delte-stabilized alloys, con-
taining between 1.7 and 12.5 afc Al, are shown in Slide 3. Irreversible
transfornations occur at 2040, U470, and 7020 atms. in the 1.7, 2.5, and
3.4 a/o Al alloys, respectively. These tramsformstions are due to changes
of delte into either alpha phase or & phase mixture of mostly alphé and
some beta., In general there remsains some untransformed delta phase after
conpression. Fo transformetions were found in the alloys containing from
4.0 to 12.5 af/o Al when compressed et pressures up to 10,500 atms. (The
transformation pressures were obtalned by extrapolating the pressure-
volume curves st the traxiéfomation breeks; volumes of transfomatioh are
the percemtage volume changes et the pressure of ti-ansformetion.)

The trensformetion pressures and volumes of trensformatlon of theee
Pu-Al alloye are shown in Slide 4 plotted against stomic per cenmt alumimm.
They ere seen to vary linearly with aluminum contemt over the range of the
experimentesl messurements. Alloys comtaining 0.0 and 1.2 8/o Al were heat
treated ond exemined. The 0.5 z2/o Al alloy wes mostly alpha phose plus some
beta and germe phases and hed a demsity of 17.7 gnfce. The 1.2 a/o Al alloy
wos delte phose and had a demsity of 15.7 gn/ec. The linear extrapoletion
to zero tramsformation pressure ie interpreted, therefore, as determining
the minimm smount of alumimm, 1 ztamic per cent, vhich 1s required to

retain delta phase et room tempersture with the hest treatment being used.




The extrapoletion to zero volume of transformstion occurs at k.7
8/o Al. There might be same tendency to interpret this composition as
the Pu-rich boundsry of the delta phase region on the Pu-Al nphase diagram.
This conclusion is not justified, however, bacouse these data were at high
pressures and the effect of prescure on this phase boundary is unknown.

The compression curves of four Pu-Zn alloys containing between 1.7
end 5.0 a/o Zn are shown in Slide 5. Our Pu-Zn alloy compositions ere
nominal and may be high by as much as 1.5 afo. All of these Pu-Zn alloys
transformed under compression. Their microstructures after compression
showved predominantly alpha phaase with some umtrensformed delte and traces
of beta phoses. Also, PuZn, wes seen in the microstructure of the 5 efo Zn
alloy after compression., The transformstions occur at 950, 2520, 4210, 5290,
end 6020 atms. in the alloys conmtaining 1.7, 2.5, 3.%, 4.0, and 5.0 afo Zn,
respectively.

The trensformation pressures and volumses of transformetion of the Pu-Zn
alloys is shown in Slide 6. Ageln, these are seen to vary linearly with zinc
coatent over the range of experimenmtal messurenents and extrapolation to zero
transformetion preseure occurs st 1 afo Zn.

Slide 7 shows compressian curves of Pu-Ce alloye containing betveen
3, 4 end 4.0 afo Ce. All of these alloys undergo double, irreversible trans-
formations under compression, The first, lower-yressure trexsformations occur
at 60 or lees, 500, 14900, and 18%0 etms. in alloys comtaining 3.4, 4.0, 5.0
and 6.0 a/o Ce, respectively. The secord, higher-pressure trensiormetions

oceur &t 3000, 4350, 6470, and 8220 atms., respectively.
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Ve have determined the nature of thesc double trensformations in
Pu-Ce alloys. Slide ) shows the delte phase microstructure in a k a/o Ce
alloy after heat treatmemt. &£lide ¢ shows s trassforuation stiucture in
the same alloy efter campression through the first, lower-pressure trens-
formetion, which wes found to be lirreversible delta~-to-beta. This method can
be used to rotaln beta phase plutoniun st room tampersture and to malke bete
phese alloye that are free of voids and micro-cracks, since the denser bete
phese is ceused to form under compression. 8Slide 10 shows the f4inal trans-
formetion structure in the b z/o Ce slloy after compression through the
gecond, higher-nressure transformstion, which was found to be irreversible
beta-to-clpha. This alloy 1s also free of volds aml nicrocracks since the
denser alpha phase was formed under compreossicn.

The volunes of tremsformation for both the first ani second transfor-
matione arc shown in Slide 11 plotted agesinst atamic per cent cerium. In
both ceses, the volumes of transformations vary linearly with ceriun content.
Slide 12 shows that the transformation pressures 2leo vary Llinearly with
acomic ner cent cerium for both transformetions. The extrapolations to zero
trensformation pressure oceur at 3.4 2/o Ce for the first, lower- pressure
trensformation and at 1.9 afo Ce for the seconmd, higher-pressure transfor-
netion.

3ide 13 shows densities plotted cgeinst etomic per cemt zinc, cerium,
and alumimmm. The lower curve on eech figure shows the densities of the
hast-trected alloys and the upper cwrve on each figure shows the densities
of the same 2lloye after cummression. The Pu-A1 figure at the bottom of the
slide ghows thet delta-stabilized alloye in thie system will mot transform st
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pressures below 10,600 atms., provided that they comtain et least 4.5 afo Al.

The Pu-Zn and Pu-Ce figures, in the upper part of the slide, show that all
of the nlioys studied in these systems transform below 11,000 stms. Extra-
polation of these data shows that delta phase comtaining st least 10.0 a/o
Zn or 14.8 afo Ce in solid solution would mot be expected to transform.

The conpressibilities of the Pu-Zn and Pu-Ce alloys increase linearly
with increasing zinc or cerium contenmts at the gpproximate rate of

6 1

0.5 x 107" etm. ™ per atomic per cemt. The compressibilities of the

Pu-2]l alloys decrease linearly with increasing slumimmm content at the
aporoxinate rate of 0.1 x 10"6 atn, "t per atamlc per cemt. We do not have
2 good value for the coanpressibility of pure delta plutonium at roam
tempereture ut extrepolation of our data gives a velue near jzx.l.o'6 atm, ™t
¥e have also mede some experiments with deltsa-stabilized Pu-In alloys
at high preesures but the results.so Tar, hove not Leea meaningful becamse

the alloys have not been hamogeneous.
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COMPOSITION: 4% Ce — 96 Y Pu
HEAT TREATMENT : 213 HRS/ 450°C/ A.Q.
DENSITY : 15.56 gm/cc.

PHASES : 100 % DELTA







COMPOSITION: 4%, ce-96 % Pu

HEAT TREATMENT: 213 HRS/450°C/A.Q.
HISTORY: AFTER COMPRESSION TO 3,600 ATMS.
DENSITY: 16.97 gm/ cc.

PHASES: 77% BETA + 14 % DELTA + 9% GAMMA







COMPOSITION: 4% Ce-969, Pu
HEAT TREATMENT: 213 HRS/450°C/A.Q.
HISTORY:AFTER COMPRESSION TO 9,250 ATMS.

DENSITY: 18.55 gm/cc.
PHASES: 77 % ALPHA + 149% DELTA + 9% GAMMA
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