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?%e elernmts Sn, 142, Ti,  Zr ,  :a, Si ,  Cd, a2d U vere alloyed 

t.rith plu"snim t o  deteDine t h e i r  effect  on s ta3 i l iza t ion  of the beta  

pha~c. !Zirconiu?.va fou?n-d t o  be the mos-t effective.  Kinetic studies 

were conducted on h-23 al loys having 0.24, 0.65, and 1.7 a/o Zr con- 

ten ts .  

soaewhat similar t o  that i n  wxilloyed plutonium. 

The beta  t o  d p h a  tra-n-sfomation i n  the PU-Zr a l loys 112s 

The m i n  difference 

being t h a t  T i m ,  Twperatuze, Transfoxation curves of the alloys 

were shif ted t o  the r igh t  2s the zirconium concentration increased. 

It vas 'deterained Ynat the mount 03 beta  phase retained a t  

TOOTI tenperature increased as the z i rconim concentration increased. 

?"ne minimm aaoirnt of Zr needed to s t z3 i l i ze  the beta  phase of 

p lu tonim at room tezserature vas dete:cLned t o  be 2.0 a/o. A 2.4 a/o 

Zr addition s tab i l ized  the beta  phase of plutonium a t  atmos2heric 

pressure from, rom tenperature t o  265 C .  

During aechanical pr0pert.j t es t ing  it vas d e t e m n e d  that the 

st3;bilizea beta  PU-2.4 a/o Z r  a l loy  W E S  b r i t t l e  f r o m  roam temperature 

-to 230 C,  

zed d l o y  were greater than the unalloyed beta  phase of plutonium. 

EoL& t ens i l e  m d  coqxression strengths of the beta  s t a b i l i -  

A br i t t l e -duc t i l e  t rans i t ion  vas noted between 130 and 180 C 

.on the pu-0.65 a/o Z r  alloy:: 

Age hardening studies were conducted a t  room temperature T.rith 

a Pu-2.4 a/o Zr alloy. A s l igh t  aging e f f ec t  was noted due t o  the 

precipi ta t ion of an iEtemeta.llic compound. 



Compression t e s t s  on the Pu-2.4 a/o Z r  d o y  indicated that  

Beloia 60 C the s tab i l ized  beta  phase stzc-ked t o  t m n s f o m  t o  alpha 

tp - 

a 

phase axring the application of compessfve loads. 
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Thutonixa mtal i s  i l n i q ~  i n  that It is cheracterized by s i x  

so l id  d l o t r o p i c  foms. In  accordence with convezltional pract ice  

"r,ese so l id  e l lotropes axe celled Q p y & 6's cad g . As 
sham in T&le I the stable t ewera tu-e  rmges of m y  of the phases 

are  no t  extensive. 

!?lo- R a g e  or" C F J S t a l  No. of Atom X-ray 
a o p e  Stzbfl i ty  (OC) Latt ice  per Unit Cell  ~ = . n s i t y  (g : /cc )  L 

Upha 3c1a.7 122 Honoclini c 16 19.82 

122-205 Monoclinic 34 17.70 

Delta Tetragond. 
p f ~ e  452-480 Body Ceiz-tered 2 16 00 

m s i l o n  480-640 2 16.51 

As eqecteed, 8 metal xfith these charac te r i s t ics  has rat'cer 

liai-ted engineering ap;plication-, 

s i r ab le  t o  s t a b i l i z e  FL high temperature a l lotrope of plutonium s o  

ths'i. E? s ingle  :>me would e x i s t  over a w2de tapera-ture range. 

Conseq1~enLly it would be very de- 



. 
2 

Sfnce the factors iflich influence the  s t a b i l i t y  of one Thase 

srith rz.si>eci; t o  ~no%her are poorly understood even f o r  such comon 

zztion of E p w t i c - d a r  allotrope of plutonium. Soae idea, barever, as 

-to vb,t eleaents might s t rF i l i ze  a Sigh texperature phase of plu tonim 

could be obtained i"rm a study of t'h exis t ing equilibriun diagrams. 192 

Diese indicate tht both the beta  and delta Shases of plutonius? can be 

stabilized et r o m  teizpera%ure by prcper a l loy additions. I n  uxilloyed 

p lu tonim the de l t a  p h s e  i s  chuacter ized by a cubic structure,  high 

6 w t f l i t y  m d  vay l o w  ~ t r e n g t h . ~  

s t n c t r r r e  ard is considerably stronger md nore duc t i le  t h m  the de l t a  

35ase 

The beta p h a ~ ~ ?  has a nor-oclinic 

4 

A good deal of e f l o r t  has Seen expended i n  studying the  aechani- 

e a l  properties u - d  the s-ixibili'cy 02 several of the de l t a  s tab i l ized  

eUoy systems. 5 9 6  -Q-LhO@ the delta pbese i s  s ta3i l ized up t o  450 C, 

it i s  1irLted i n  application because 09 i t s  low strength+ 

beta infornation vas found an inmst lga t iog  of the s tab i l ized  Fhase of 

Since no 

beta  plutonfm re l a t ive  t o  i t s  range of stability and rsechanice 

'P, We Schonfeld, E ,  M. Craer, W. No Niner, F. H. KLlinger 
m d  A, S. Coffinberry, "Plutonium Constitutional Diagrams," Progress 
' in Nuclear Engineering, Vole 2, Seri 5, Pergmor, Press, new York, 

*Ao 8, Bochw, S. T. Konobeevskii, V. I, Kutaitsev, T, S. 

y_ 

.I9593 PP 599-999 

Ilecshikova and N. T. Cnebotarev, "Interaction &tween Plutoni-m and 
otAeT Netals i n  Come-ction With T.'.'eir Arrartgaent i n  Mendeleev's 
Periodic Tcble, '' Second United Nations International Conference on 
TeacefLL uses of i i - ~ o d c  &-er,y, kneva, 1958, ~ z g e r  2197. 

- _p 

_.__- 
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properties v a s  considereii necessar j  beczus,? of its superior strengYn, 

ductility and greater density. 

?:cis study 'CTBS ini-tiatecl to detelTnine trl;,at; elenents vf2.l s-tzibi- 

l i z e  the beta phase of plutonim.  

s t a b i l i t y  es e furxtion of d l o y  addi t ion  and a x h w i c a l  property 

In addition studies of beta phase 

detemrinatLon on a s tabi l ized Seta  phase were t o  'De conducted. 

plu tonim used 0.5 a/o z f r c o n i m  t o  s tzbf l ize  the beta phase. 

*A- beta  re ta iner  i s  an'element which vhen alloyed with plutonicm 
1.~211 retain beta  phase plu-tonim q o n  quenching dam t o  roaq temwra- 
t u e  e 

'Ha R. Gardney and I. B. Y l n n ,  "Mech&nicd Property and Foma- 

. I  

b i l i t y  Studies of Undloyed PlutoxLa, " Plv_tonim 1960, 513-510 and 
Proceedings of the Second. D_ International Conf'cence o n P u t o n i m ,  
- ~ b ~ F ~ ~ ~ ~  Xemoire 36 April 1960. 

A 
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EkperLmmt,al ?h-tr.erial -- and Alloy Ifkkeup. Special precm’iions 

Plutonium nust be used i n  the handling of pluknium znd i t s  alloys.  

i s  a fissionable Inaterial and 2a. alpha w d t t e r .  

sionable care must be exercised t o  prevent the assembly of a c r i t i c a l  

~mss. 

cer tain t h a t  th,o operator is adequately protected from exposure and 

possible ingestion of plutoniun. The alpha par t ic les  of plu’ionium- 

239 only have a penetrating power of 3*68 ex i n  a i r  and c m  be ab- 

sorbed c o q l e t e l y  by a piece of paper. 

Eecause it i s  fis- 

Due t o  i t s  radioact ivi ty  extreme caution must be used i n  d € n g  

‘Inus performing work v3th the 

n e t a l  can be dcne safely within a glove box enclosure maintained a t  a 

negative pressure. A l l  work with plutonium a t  Hanford aee t s  the 

safety requirments established by the Atomic Energy Comnission. 

The plutonim used i n  t h i s  s’iudy vas produced by the bomb re- 

dcction of  plutonium tetraf luoride with ca l c im.  High puri ty  buttons 

vere produced by t h i s  metd lo themic  reaction. 

plutodium buttons were cas t  into’ l /2- inch diaaeter  rods t o  improve the 

Prior t o  a l loy ing  the 

metal quali ty and t o  produce a more convenient form from which t o  

mike up a l loy  stock. See Appendix for chemical analysis data. 

When molten, plutonium i s  highly reactive with most elements. 

For t h i s  reason great  care must be taken i n  select ing the proper 

crucible and mold materials. All melting must be done under vacuum or  

i n  an i n e r t  at.aosphere because of the high oxidation r a t e  of plutonim,  



Tan'i.alm crucibles heated i n  

ide coat i s  esta3lished were 

alloys studied. P-ll chazges 

6 

a i r  t o  about 500 C u n t i l  a hard black ox- 

f o m d  to be ronrez=ctive Trith the glutonium 

were poured in to  heated graphite molds 

coated with MgO and slowly cooled t o  roo3 temperature. 

T T ~ S  evitlent between the d l o y s  and gra;?hite or  MgO. 

i s  i l l u s t r a t e d  i n  3Ygure 1. 

No zezction 

A t n i c a l  mold 

Several S f f e r e n t  procedures were used t o  make up the  vzrious 

alloys.  

vas recpired t o  &e up t h i s  alloy. 

Tae f i r s t  a l loy =de ires Pu-U. No special  casting technique 

!ihe Pu-U a l loy  was made i n  a 

v a c u a  resistance furnace. Tile charge was loaded i n  a t a n t d m  cm- 

c ib le  and held molten at 1200 C ( t h i s  exceeded the melting points of 

both metals) Tor 20 rdnutes m-d then pomed in to  a graphite mold. 

Because of the high melting points o? Ti,  Zr9  €If, and S i  it was 

necessary t o  f i r s t  &e master a l loy buttons by a rc  fhsion. 

Bs te r  d l o y  buttons could then be charged with the proper mount of 

The 

plutonium i n  the vacum resistaiice furnace a d  cas t  as before, Since 

the boili-ng points of Cd and PIg are  lar, substmtial mounts me lost 

by vaporization vhen charges containing theni m e  heated i n  vacuo t o  

the 640 C melting point of Pu. 

were xnelted i n  helium a t  2 atmospheres of pressure, 

To reduce evaporation t'ae charges 

To insure good homogeneity i n  the mike up of a l l  but C d  and Y! 

a l loys  each al loy chzrge vas melted and cas t  a t  least four times, 

The Pu-Zr,,alloys were the  only alloys chemically analyzed. 

The reason fo r  t h i s  w i l l  be explsned  below, The method of analysis 

1 for zirconium i s  described by Bricker and Waterbury. 



. . .  

. . .  
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sppreci&ly, the'introciuction of fo-eigii atom vas held to a n a x i ~ u m  

of 3 a/o-except kdth uranium, 71235 k e h g  fissionable.  The beta  stpbi- '  

iizinz ef fec ts  of the alloying e l a e n t s  vere ev&.u&ed by density a d  

x-ray d i f f rac t ion  meas-nements, Table 21. Tne data indicate that T i ,  

Zr, md.W re ta in  varying m o - m t s  02 Seta  phase depending on the 

z7~0ur-t added. The other a l loys produced rnixtures of alpha phase 

plu-tolniuix ard intermetal l ic  couipmnds i n  h f c h  even beta  heat t r ea t -  

ments &rd quenching t o  r o w  taiperabxe vodd not produce retained 

beta  

Proa' the a3ove studies it vas found t h a t  a zirconiua addition 

TTES the most effect ive i n  r e t a in i r4  the beta  phase a t  rooin tenpera- 

L Luxre Consequently, the kinet ics  axd nechzrrical prope&-ies of the 

Pu-Zi- a l loy s y s % a  ~; r i lL  be the only one discussed i n  t h i s  thesis.. 

Tne t r a n s f o m t i o n  kinet ics  of PU-Zr clloys were studied using 

a f l u i d  displacement technique where the volume change of a plutonium 

specinen was'detemined as it transfomed. Vafers 1.45 inches i n  

diaxeter and 0.030 t o  0.070 inch thick were ?repared. A hole was 

IC. E. Briclrer, and G, R. Waterbury, "Separation and Deter- 
ainat ion or' Microgrem Quantities of Zirconiwn, '' Analytical' Chemistry,. 
VOL 29, 1957~ pp'. 5581561. 
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3 l l l O . J  
Ccnposition 

As Cast 
Dens2t.J (&c) 

Flutonim1 
Fnases Present 

PU - 2 a/o ~n 

Pu - 3 a/o -r& 

2i.I - 1 a/o si 

PL - 1 a / o  Ti 

PU - 2 a/o ~i 

P,: - 3 a/o ~i 

PU - 0.24 a/o .Zr 

FU - 0.65 a/o Z r  

Pu - 3 a/G.Cd 

PV, - 1.7 a/.o 

i8.52 

18.79 

18.85 

15.35 

rg .25 

18 c $9 

17 -49 

19.56 

19.33 

17.56 

A 
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d;-illed neer tine e'ge -the v E f c r  so t11a-b a vire could be attached. . 
TP me w f e r  plus wire cC&i t.hsn b.2 suspnded i n  solution from the bezn 

of m. enaly t ica l  b.s.Lzwe, 3'iglil.e 2. 

tion variat ions k ine t ic  s tudies  were conducted on s a p l e s  from the  

s m n  cast ing-  heat. 

To avoid the  effe.ct of  compo^&- 

Because of the oxidation of P2-b al loys i n  air a t  elevzted 

temperatures special  l i q i i d  baths an2 .glove box atmospheres had t o  be 

used. 

alloys at texperatures up t o  200 C, vhen used i n  an i n e r t  atmosphere. 

Pa argon a-;llloGphere vas provided by evacuzting a glove box, Figure 3, 

and back f i l l r n g  vi-L? argon. 

chlol-ide and d n j  i'ce a t  -22 C as. the  o i l  TELS too viscous. 

and dry i c e  vas used as the  quench r?edlum a t  -40 C and -80 C. 

Dzgassed DOTT Corning 760 s i l icone  oil did not r eac t  t r i t k i  the  

It vas necessary t o  use carbon tetra- 

Acetone 

Weigc5 change versus temperature curves vere obtained froin 

26 c to 300 c for each a l loy  composition. 

Isothem-al reaction cwves f o r  t he  bet. t o  alpha t ransfor-  

m t i o n  weTe obtained bj solution heat  t r ea t ing  a t  175 C for one-half 

hour, .quenching t o  teaperetxres between -80 C znd +75 C and holding 

uzztil no fur ther  apparent t ransformt ion  as indicated by w e i & t  

. change. The f rac t ion  transformed .c.~as plo t ted  as a function of the  

t i ae  of t r a m f o r m t i o n  and vas detemined fro% the  follo-dng 

relat ionship.  
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1.3 

W, = ~:'ei&-% of q x c i r n ~ r ~  a t  holding terqwa- 
I tme after. being cold treated at -20 C. 

It sl?ould be poirile2 GUC; that Wf does n c t  nece.earriy ir,i?icate that 

the transformzition vas cocp:Lete. Ti2er.e coi.ii.2 s t i l l  have been beta 

Kecliariicai p r q z r t y  t e s t s  ' C T ~ T ~  con8.ucted cn 0.250 inch d2.a- 

rr,eter tensile spechecsp B g w e  4 m d  0.530 inch dfmster, 0.750 inch 

long coxpression sgecixelis, Figme 5 .  

been previously evalc:ated on unalloyed plutonim. a d  found t o  be 

satisfactory. 

?lie t .est  spechen designs had 

2 
A i l  specheas were tes ted  on a hh0,OOO pound Wdwin-  

Lima-Hza5.lton UrxL-rersiL Testing Ikchir,e equipped wi-t'n a glove box, 

Figure 6. 

A 
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600 g r i t .  The lcbr icant  used T.ias car'son 'Getrechloride. 

Fine polishing was done on S?pt-ron vibratory polishers. 

hour 'polish on b i l l i a r d  cloth 16th Liiide A ermlsion i n  car-Don t e t r a -  

chloride foilo:;red by a f ive  t o  f i f t e e n  a5nute polishing period on 

Ekehler nicro-cloth with Lirzde A and carbon te-trachloride gave zn 

A- tvo 

acceptable as-polished surfzce Tin ish .  

Electropoliskring f o r  grain s t r x - b c e  vas done i n  a solution of 

20 parts tetraphos2horic acid, 30 par t s  water and 50 pr t s  2-etho:cj- 

e t%inol ,  

polished f o r  s ix ty  seconds. 

2 1  the  study of grain strwt?jre the  specinens were electro- 

MLzro3mdiiess data vere t iken on soae of the netallogrepiric 

speciriens. 

pyrax2.6 indentor and a 5 kg load were us ,~d .  

A Tukon Bficrohaxdxss 'Tester v i t h  a 136 degree diaoizd 



Thus addition of 1.7 a/o Z r  ext,ends tk, s%able range of beta approxi- 

m t e l y  60 C above the n o x d  beta to gmma t ransTomation a t  206 C .  
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addftia-I, the Pu-0.2k .zci6 PC-0.65 a/o !Lr al loys have c r f t i c d .  holding 

-Ler::pera-bures of 80 ayd 60 C respct ivePy.  

transfom~tion 1,611 not  occur f o r  lcng Geriods of  time. 

Above these temperatures the 

.Die T-T-T curves for the beta  to &?ha transforation in %he 

Pu-0.24 mxi FU-0.65 a/o 2s a l l o y s  are s2zilar t o  those f o r  unalloyed 

p iu tonim.  The win difference being the rate of t rmsfomat ion .  For 

c@a~a%ison %-T-T Curves for 50 -i>elp cent t r a n s f o m t i o n  i n  m d k y e d  

,- 

plutonium ard in the I?u-0,24 a/a zr an6 PJ-0.65 a/o ~r alloys are 

presented ir, Figure 19. 

sluggish in t h e  a l l o y s  t h a  it i s  i n  -malloyed clutonim.  

the 0.211. a/o zi- adf i t i on  increases the t m e  for 5 6  t rar lsfomation by 

a factcr of 2 while 0,65 a/o ~r increzses t rmsfomat ion  t ine by a 

The be te  t o  &@:a t r a n s f o m t i o n  i s  nuch more 

-4t -20 C 

02 3. 

3ecause of the sluggishness of t'r;-e beta to alpha t r a s f o m t i o n  

zirconium content i s  increased, only ore isothermal reaction 

curve was  obtained on the  Pu-1.7 e/o %. d l o y ,  Figure 20. 

reaction rate tias q i i t e  slow dersitifes chmges c o d d  be determined as 

a Afunction of time. 

70 hours. 

Since the 

I k e  reaction i s  only 17 per cent conplete a f t e r  

A t  conplete beta  t o  dpha  t ransforni t ion this a l i o y  vould 

have a density of 19.51 g/cc. After 70  hour3 a slight increase i n  

density T?&S observed vhich i s  a t t r ibu ted  t o  the precipi ta t ion of the 

inteim&xdlfc coz~ou-16 6 T.e s to i c3 iomt r i c  proportions of the 
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-Woa the above t r m s f o r m t i o n  H.netics infomation th  s tab i l i -  

centratfon i s  graphd against  ?&e f o r  the s t a r t  of "ne 'beta t o  alpha 

t r m s f o m t i o n  at -20 C, a curve i s  03tained TA5ch a ~ j ~ ~ ~ ~ t o l i ~ a l l y  

acproaches 1.9 a / o  Zr, Figure 23.  

Pu-2.0 a/o Z r  a l loy  would s t ab i l i ze  the  beta  phase of plutonim. 

Xechanical Froperky StEdi,es With The h - Z r  Alloy. 

Thus uder a b i e n t  conditions a 

The burir of --- 
the laechanical property studies were conduc-led With a Pu-2,4 a/o Z r  

alloy coa9osition. 

beta  phase at room telrperature, 

A 2.4 a/o ZP addftion insured s tab i l iza t ion  of the 

Tensile t e s t s  were a l so  conducted 

~ 5 t h  a l loy  compositions tha t  had less zirconi-m. 
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F L ~ T E ~  24.. ?&le III contxiris t.11~ 070tair&. 

!Is A- d e  tca2PrZtux.E:  increases the s'irergtb decreases. . !CIS u l t i -  

m a t e  st-rength 0." the a l loy  9s greatey % h m  malloyed piutonil;'ii Tor a l l  

tes'i, tex~eratwes.  

C. 

~ l z e  alloy Tract~es i n  a b r i t t l e  r2riner us, t o  210 

Xowver, it has scxe d u c t i l i t y  at 260 3s seen froa eioriga-tion 2nd 

- reduction i n  are8 data. A cbpa r i son  i s  rnade of -Lke e f f e c t  of temp- 

e r a t u x  o? t he  d u c t i l i t y  of mm.Uoyed plubnium aqd e Fu-2.1: a/o z1. 

zlloy, Xspre 25. 

t e s t  ten9eratures i s  i l i m t r a t e t i  i n  Fi,me 26. 

t h e  sseciqens tes ted  a t  250 a id  2 6 C  C. 

The t.y-pe of d e f o : ~ l i o n  m d  f rac ture  a's various 

Note the necking 4n 

E-cause of the zErked ezb r i t t i i ng  effect  that a 2.4 c/o z i r -  

CG~~F-CIX addf-tion has upon t h e  beta phase of plutonium it vas d e c i h ?  

t o  add s .~a l le r  moxnts of z i r c c n i m  t o  dekemine Y'ile e f fec t  of ailoy- 

ing conter t  on &dc-bility. S i x e  a s tab le  beta phase belo77 2 a/o Zr 

could not  be retaivled a t  1-0~21 $en?erature the  tests r e r e  con~uc-tefi i n  

the  beta phase at 130 C m-6 180 C. Table IV lists the strength and 

elongation data  as a function of zfrconium adzition. A t  130 C Yne 

elongation fa l ls  veFj ragidly decreasing by a f ac to r  of 2 with 2 0,5 

a/o z1- addition, Figure 27. 

slover rate with increasing Z r  additions. 

A t  180 C the  elongation decreases a t  a 

A% 1.7 a/o Zr a b r i t t l e  

f a i l u r e  i s  obtained. 

olarkedly a f f e c t  the duc t i l i%y of t he  be ta  phese of plutonium. U l t i -  

ra te  strength i s  s i i i l a r ly  affected by small additions of zirconium, 

Obviously very s&1 additions of z i r con im 
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e 076 .._ tewperature,  t e s t e d  7 hours a:C-ter quench ' 51, 000 

45,5116 

36,800 

28,700 

23,835 

18,367 

13,700 

12,211 0 

io,  290 

7, 800 

28,lcoO (3 

38, 500 

33,400 

23,300 

20,000 

L .  

SI+, 300 

11,600 

8,300 

7,300 

6, goo 

I_ 

I- 

-- 

C Y  

I c. 

-" 

2 

28 

1to 

IIeI-d a t  220 C f o r  5 hours. Cool& t o  70 C and held for 
20 minutes sild - tested. 

Held a t  220 C f o r  5 hours. Cooled -'io 130 C and 1~1-d  f o r  
20 ~ n i n u t e s  m d  tes-Led. 

Held at 220 C f o r  5 hou?:o. Coolel! to 160 C! ajlil 11el.d k'oi: 
20 minutes and tested. 

Held at 220 C for 5 hours. 
20 minu:t;es and tested. 

11e1.d a-L 220 c for 24 hours quencIied to roos  t c m p e r a t u ~ e .  
Heated .Lo 200 C and- held f o r  20 1111i.nu.tes "&en t,;es.i;ed, 

IIeld a t  220 c for  24. 1iou.m quenciieil -LO roox -t.empera-turi.. 
IZ'eated to 2.20 C and held for 20 n~inutes then testec?. 

IIcld ai; 220 c f o r  24 ~ i o u r s  quenched sxd liczted to 230 C 
and held f o r  20 iiiiiiutes then 'tes'ied. 

Held a t  220 C for 211 hours qLi..cnched niid heated t o  250 C 
for 20 minutes t hen  testecl. 

Held nl; 220 C f o r  211. h.oum quenched and h c ~ t e d  t o  260 C 

Cooled to 180 C nnci held :for 

f o r  20 1llrinx;;es t'nen tes ted.  



100 

90 

EO 

70 

60 

5.0 

40 

30 

20 

10 

0 
0 50 

I 

0 Unalloyed Pu 

a Pu - 2.4 alo Zr Alloy 
- 

100 150 200 
Temperature C 

250 3 00 



, 

...... -- ............................................ _. .. . . .... . . . 





44 

n 

1 

. - 

2 3 

Z r Concentration alo 

4 5 

FIGURE 27 
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F. H. Ellinger,  "Discussion - The Plutonium-Zirconiuo; Systax, 
4 

Plutonium 1960, (London: Cleaver-Hme Press L-Ld,, 1961) , pp., 318- 
319 : 
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The coapressivc sti-e::,-;th of alpha 

a l loy .  Tlie s tabi l ized beta a l loy  

~ h a n  the beta  phasg of plutoniunq. L 

50 

phase p lu tonim i s  greater  than the 

hovever, i s  ccnsiderably stronger 

Due t o  the trer?.endous s l a s t i c i t y  

of the beta  phase u l t i xa t e  strength Zzta could not be o5:ained on 

undloyed plutonium. 

me a l loy  i;ras found to 3e essent ia l ly  b r i t t l e  over the  range 

of tenperatures studied. 

aged 5.2 per cent f o r  all temperatures. 

The t o t a l  p l a s t i c  decrease i n  length aver- 

Dulring coxpression t e s t ing  densi t ies  indicated t h a t  the t r a n s -  

f o m t i o n  took ?lace belov 80 C, a t  tenpe'rstwes above t h i s  the 

dens i t ies  remined essen%i&ly constant. 

pressure exceeds atmospheric pressure below 80 c zirconium does not 

s t ab i l i ze  the beta  phase. 

Consecpently, when the 
~ 

I_ Age Hardening Studies. Since a compowd precipi ta tes  zbove 

1 .5  a/o Z r  after quenching t o  Toon t a p r a t u r e  from a beta  solution 

heat t reatnent  it vas decided t o  detexaine whether age hardening 

occurs i n  a l l o y s  of a pa-2.4 a/o Z r  ccmposition. 

t ens i l e  specimens vere heat treaked s t  220 C f o r  24 hours and then 

quenched i n  o i l  a t  roo2 temperature. The specinens were tes ted  i n  

A se r i e s  of eigklt 

duplicate a t  selected tin?e i n t e m a l s , a f t e r  quenching. The r e su l t s  

a r e  presented i n  Ta3le V I .  

the  alloy, Figure 31. 

mined since t e s t s   rer re not m d e  betT.:een 7 and 24 hours a f t e r  quench- 

ing. ' The y ie ld  strength data indicate 'chat overaging occurs a f t e r  

48 hours. 

A s l i gh t  aging ef fec t  i s  observed with 

The aa.ximum strength 17as not accurately deter- 

The age hardening ef fec t  has not been ilzvestigated at 
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eleve,ted 4 

A &e inkei-iletallic coagound TTOS' t precipi ta te  

is oliPj ex-ected t o  be i n  evidence below 130 C. 

Tfie aging phenonena 

53 



r- n e  beta pk._ase ~f 21utcxiLun caxx & re ta in& a t  roon -t-c.xzereture 

LE ~ a l y l n g  ~ T ! I O X ~ ~ S  by additions of Ti-, Zr ad FI. Z i r c o n i m  i?es, how- 

ever, the Gnly elezent ~dnich v-oxld s t & i l i e e  the beta phase of  _nluto- 

nimi :.iith additions less Clan 3.0 a/o. 

:Kinetic studies T.~tli -the h-2~ all~p iEdicate t ha t  m ~ o u n t s  of 

z i rconiu i  as little as 0.2b c /o  s l o v  the beta t o  dpha  trar,s?or,mtfon 

by a f ac to r  of 2 cGEpared t o  wmlloyed plutonium. Tne tr2.nsfomLat.ioE 

r a t e  v a s  a maximum at -20 C for this alloy. 

-. Lime, ~enpera-ture, ~rulsfo:mation curres fo r  the PU-0.24 a/o  

Z r  Grid the a - 0 ~ 6 5  a /o  Zr d l o y s  were C sl?a@d and sinilar t o  the 

T-T-T curves f o r  undloyed pliltoriiTm, C T i t i c z l  holding t ezpera tmes  

T G ~  >et? to zd.?hz t ransformt ion  were observed for the  0.21: an,d 0.65 

a/o 22 zlloys . Above 80 C for t h e  0,2k a/o al loy a d  above 60 C f o r  

the 0.65 a/o a ~ o y  beta to alpha t r m - s f o i i o a  w i l l  not start for 

m a n y  mon-ths. 

As the  "z i rconim concentration increases aore be t a  phase 

plutonium i s  retained be1a.r the  no:md be ta  t o  d p h a  trmsfomation 

t e q e r a t u r e .  A 2.1: a/o Z r  addition s t ab i l i zed  the  be ta  phase of 

plutonium froin room texperature up t o  265 C. 

b e c i p i t a t i o n  of an i n t e m e t a l l i c  conpound vas observed vhen 

1.7 a/o of Z r  vas aaded t o  plutonium. 

did ~ o t  occm w-til '-(O hours a f t e r  the start of the  beta to alpha 

Prec ip i ta t ion  of t he  cozipolmd 
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plutonium can be s tab i l ized  by a relatively SELL add i t ion  of foreign 

&tons, Yncs naintzining very nearly Yfie s a e  nuclear properties zs 

mall cyed plu-toniuq. 

n 
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