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PRESSURE-TEMPERATURE-RESISTANCE properties of Lanthanum, Bismuth

N,eptunium, Plutonium, and Americum to 450?.C and 30kb.

- D. McWhan,‘ P. W. Montgomery, H. D. Stromberg and G.. Jura

"~ August 1961
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I@ep&nnium, Plu%bon&um, and Amrﬂ.cma to 450°¢ end 3@:&:‘

STARC pro;gerbiea of lanthanum, Bissmth

P, Méihas, P.W. Motstgosery, H.D. Stromberg end G Jwre
Bopartment of Chemistzy and Lewrenoe Radiation Leboratery
- University of Californisa, Berkeley; Gulifornis ‘

August 1961

The aotinife eloments neptuntun, plutontun, e emericim

: swe mt@rza.ls 0% cansmemble mﬁemat %o ‘bha hi@ preseure investi-
| aatar ’@he ms‘aﬁﬁﬂrﬁy b‘f presgure m&uceﬁ eiéctmnic transitions

~ puch a8 mme 10, cerdvm end cestun i Wam by the electronic
1gurations of the attintdes. Buch transitions ere usually detec-

tebz.& by & ﬁiﬁmﬁm&s cm in the cléctrital regictance of the
-s&u@le ,ﬁ mt“ber o:f aﬁﬁiﬁ:{ml interést is ’e&ae khoth one abmosphere
1gmie :pbism of pmtoaim w&n s:b: alistropic forms between, room :

. ‘teﬁwemtm em& 1ts meltiog point, of mp%unimn with two a.llotropic

pected allotropien in euerielun. The progrem Yhere-

fore tivolved e fomewing ' B

|  « development of appmm capable of developing high
o piﬁéﬁuﬁéé and »immmms which

- coum sllov electricel x-esd.stanee meagurenents to be

' m&e on mlf, Agron @mﬁiﬁi@aﬁ of motal s

'auﬁ wes resighdnt to Bmak’age oz blowous which coudd |
oonmmimw the Mbomtory, permanent equﬁ.ymem gzw., j

of dourde, labara*hery persanml
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‘m:e a@pa.mtus, calle& the cavity anvil, is shown in I"ig; 1. It consists
oﬁ‘ & smumr % inch diameter cavﬁy ina harémzed ateel or tungsten tarbide
uyiinﬁer. e oylinder o supperﬁe& with & stecl jacket in the same fashion

' R ype anvits b e botton of

'bhe cav‘!wy eonsiste of 8 Jani ﬁ‘it high smeﬂ tool g'ﬁeal plug, in erder %o
te vounded, ¢orner aﬁ'eeﬁa in ¥hs ‘bottom of the cmra‘by The zpis'bon is

‘ of the ﬁm haraenea stecl as the botton pmg, Yeing kem a6 short as possible,
; “l’"j";muy tmaga’ten eaxvide pietons, bottom

"’ ‘ylugé, anﬁ ﬁyﬁnﬁew weze md, DUt thay were prons to fmqmnt bregkage. -
siyuis OF the bresko ‘tadicated that fallare’ ovdirred dne to bension stressss.
fhe use of Har éngths tas elimineted
he brieakage problon. Hepeated runs to 30K aud %50% a:m wst reslé in say

*‘f‘fﬁmﬂ ﬁi‘é&l@ with ﬁhetz}' higher” tcmale gtag

ornation of the high spedd stesl cam@amnta
te is-mesdured by a Pouz lead technigue using a tvo

Yaup. Epeedons Beoprder to record curvedt cnd potential
&wp ass ths ﬁamle Eievctteal comae'ﬁ ea.n e made ::n two ways: onae by

A g 4 il ol probes. mma ma the bottom e:hde of the cavity plug anﬁ directly
o tsssp of m ﬁstgm Y- _c-;; oL ils and the heat

'blaeka. Wa.th the 'gro‘w :xmbod the pmntial comac%s exe made at tha ends of

‘$he proves and ‘the curvent id “bmﬁght in thmngh & ﬁide contact on the probe

o minimige m& efi‘eﬁ% Whon €u plates ave uﬁea the eurmn% and potan%m :

' eantacw are mﬁe oh separate tebs Iranacws’tanﬁa.n ‘tahemcmpbes are located
in the vips of bo%h the top and bottom pmbaa. Heat 18 supplied by en extamal |
3 'rﬁsatian the cavity envil, vhen assenbled,

| _heater:; Por sai‘aty and eage of tra
48 wrapped with .010" stainless oteel 'sheet, secured sith hose clamps. This
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4¢ dnsulated from the top and bottonm by asbentos sheet. This allows

mdi@acﬁive metals to be kaa&ed in glave botwes and then safely tran@orted

‘to tbe pressure MBQratory. _ ‘

' An enlarped vm of %h@ semple ¢ell g shmm m Pig. 2. 'ﬁte metal
.Sé@le e 1:1 tm fom of & ﬁne vire or sliver mounted vertically in a
dsee of amm chioride which serves as the pressure trensmi tting medivm:
The siiver chzarme s cﬁamd with bepylie lacquer to prevent reaction with
E mmm ﬁlha mm:s. Bhoum pmtmae vexry slightly (.001") on esch side and '
be faéeﬁ oi‘f t«rﬁm 001" yla*tinma foil ta Mrové electrical eontact “beween
"*the sawle and ateel. Semple lengths variea :E‘rom 010" %o eso" depending
upbn the mﬁa‘t af ma‘t‘:erial awilable‘ 'Eha giiver chloride diec is placea
'in ‘El‘ﬁ cavity 1naid£ ‘an. L.on oxids conted pyrophymw r:mg of ‘the seme
silver chlarme. ‘Ihe mphyll%a rﬁi—ag»sems-&s & ghelet,

~:,-;511m of #e silver chloride mm the piston. The pisten is

| i.mu‘m.‘te& frsm tfhe wall of the @ylinder Tby poating wiﬁh géveral coats o‘f a
ite. The Bisoni‘i:e 18 @ phenplic resin. having

: | 1t tum pmperﬁies, the iron oxﬁﬁe mproves the zaechameal
strength. of the coang which hsg & tenfor sy to chip off on loading. m:re

Q.QQQS” mﬁzél m h@ﬁm‘een the pistm and tylinfer wall. 2t should be noted
th#t 5% 16 &mpemt ‘t&m‘b %he hei@t of the rﬁ.ng mtch the height of the silver

2 ﬁi,ac.- If this 18 m tone the load will not be distributed evenly

" and amneous yreszsms 431l be o’btaim& m redinl thitkness of the ring

48 mt vcritical, in thaae e@erimnta it*. was .032".

) ﬁalibm‘bian '
: w cavity awil it wns mwa ‘chat by keepmg the shuple
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K cell and pigton bonﬁ.gumtmn as aimp)@ ag mssible theré would be neg-
M@ble friction 5o that the pz'essm in the cell could be celldﬁmte& f‘rcm
’tm had éexerted oxa the / " dismeter pwbon. The eali‘bmt.ion was. carried

‘:eut msing the ‘&ransitma in Bigmuth at around 25 kba. The phase diagrem

| ror thege h&s been Bﬁrei\xlly worked out by Bﬁd@mﬁg ueing & truly hydro-

g ‘s'%atae pressura -ebanﬁaar.- Pig. .3 gives the'gh'aée diagrem cbtained in the

cav;wy anvﬁ. superimom upon that of Bridgman for eamparisan. For the
113 tmnsition 4t rosm ﬁememmra the average transitian pressure for 15

| ks waa 2k, J.kb with & geatter of + 1.5kb. %e temperatiure wncertainty
is: taken uo /g this am'erenee between the top ma ’bottum thermosouples which
is .génerally lesa than 5 ﬁégmea. - e 1-31 tmn&itmn in bisnmth is taken
for calibretion. The ":rism ﬁﬁma‘iﬁim provides a useful

as. the ptardax
"eeeenaary ¢haek bu:t. in. praetiee proves %o be more sluggiah and 1mproduc1ble.
Smgle eryam sszlver chlori&e is uged %o tmnamt pressure to the
ﬁazz@lva. 1% has a tendeney to mact wﬂ*.h the metals iavolvea in this ssbﬁ&y
.m ﬂming the eaubmmn work pmphyllite was used :Ln ohe run a’c room
: tempem‘bum %o, detemim ma euitability 88 8 pressure medium, Esperience

. . hag ghown that & good maeura of tne hyamstatic nature of g substance is

_ss of the “bismuth trﬁnsitians in the mterial Fig 4 shows the
reéul’ba of two room bemperamre z'unm, one Ln gilver ehloriaz am:l the other

the sharpn

© in pyrophylidte. e spread of the tmasition 1n pyrophyliite ruled it out -
a8 8 substitute far siiver chlorﬁ.&a, | Wﬁmtivsely sinﬂa: results to thcme
of pmphyllite were e%tamed when Teflon was. uged as the. pregsure tranémttmg
mediun, | _

One valunble feature of -tﬁe mity anvil iB' that it may be eycled up

énd dovn in pressure &g @f@én as desired. In this respect the cavity anvils



"m mwm

“He UCRL-9808

‘ »pmvided the pmeeum is above 6-8 kbare.

While calibmting the cavity anvil it was found that the AgCl disc,
,wﬁieh, lmlds the aa;@La,- foms an effective_themal barrier which upon

: aﬁhble armn@mt of the"heé&sr ingulation gllows thermal gradients as
N high 88 20 tc dmfelop between the top and boktom. themeowplea. Bince i%
B h&s ‘nﬁt ‘béen posaﬂale to dsvélop more than & 3 gradient when there 1s no
E Ag@l m the cav‘ity {piston to piston) it is reasonsble so asswie thet the

_',z«hcle tmemtum difference beween the thermooouples oecurs across the

."aample. 'l'hia fact allmm mugh mmnﬁs to be made of the thermal emf
of the se@le and the effect of presgure thereom In the case of Bismuth
‘the thermsl emf vas seeri to go from 8 mierovolts in phnse I 6 approximately
" gero in phase 1T and ﬁz. The themal emf measured 16 Bismth-Tungsten
_:ﬂag“biﬂa m@emed on the Tungsten Carbide-Copper thermal enf whgm the
leads Yeave the ' o

ppatatus.

', ‘used in this work was preparea vy a lithium mt&uctian
'.'wezw.m and contained 0,015 wt percent calotin and L0015 % percent 1ithium.
f;',d handling in 8 d.ry nitmgen a‘bmaphem.

The roonm mmpemtum msistame-—pream eurve shows no evidence of

- trangdtions detieen l&kb and 27kb.  In all, four yuns were made on two different

samplea. “fhe pliése diamn in Fig. 5 shows the effec‘c of pressure on ths
' alyha-beta tmnaition Yemperature which involves & transition from en orthor-
hﬁm‘ﬁ’éxc to & tetmgoml structure.

m very shallow slope of the extrapolated transition curve to pne st~
zﬁd@hem gives & dP/AT of a?m&h 1.1kb 'pez? aegmé. Using the density values
of Zachsriasen® a heat of transition of 4.8 kilocalories per mole is obtained,
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weh &g prohat’olf no bet‘ber than 50%. dne' to difficulties in estimating the

. smll slope, and & # 5"' uhcertainty ..2. ahere trangition tex@eratm
Pintoniun

\ 'ﬁie plu%nium @tmeﬂ wae 99%% pum obtained from Los Alstos. A:.though

| ‘t;h@re are seveﬂ polymmhia transitions between mam tememtm and its

} _mltimg point at 61#0 € only the ai,pha«beta tmnsitian gave a resistance

i lar@ mugh anél sliarp enough Yo esteblich the ensefb of a Ytransition

- dotibt, Gther features in the maistamm tenperature curves were
a’bsemﬂ buﬁ the small m@itnﬁas m:ml%d, togather with &ifﬁeu:mms in
pre‘sam phonomsys has led us te omit %em details wntil fhﬁhar work clari-
| £166 the chplan. situstiot pmsant. | '

' m data vere telen by isobaric heating: The trangitions were sharp,
ning over nob dore thim 570, The Sranbitisn Ammm 18 teken af the

: omt of ﬁhe tmsi‘sm with imreasiw temperatm A kysteresis of 30°¢
| 5@% 'be'bmen the alpha m beta tra.asmom wos cbasrved by us as well as
8 invus%&gamrs ait atmepmtie preseure. - Pig, 6 shows our work to-

5e‘r.hm' witn thm; of Eﬁdman shich was éa*mmm@& by volune peasurenents.
' @ vas cbtamﬁ. by the methold of pist@n displace-

Jdgmn s phis i

ment &b cmm% %e@erawe, ﬂzé general iaea vedng tfo manipulate the pressure

to fartm ths material to be -appmmmw equally d4vided vetween the two

 phased, Puo pomts were obtained et each te mtmre a high pressure point

ja*t which the trahsitiem woam Sust begin to ruh £rom bets bo a.lpha, and o

| 1w pressure potnt st which the transition would: Hegih to run from alphs to

beta The ﬁiﬁare@e‘ betieen these values 4s réferred to as the "region of
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i pgerenne” by Bridpumn

in thia yorg all wms were man ’by heating at congtent pressure. The
. ‘Bmsition ﬁs Gharp, rumias to. cml@tim within 10° at & heating rate of
2 40 5“ *piar mﬁxmte ﬁe a‘c‘benm‘t wae m&e Yo egtablish en equilibrimn situa-~

;‘ti'@. In the one constent pressure nin in vhich he cooled from beta o alpha

;. Brifguen observed the eens hysteresis found m this vork.

E ‘rhe diﬁcrepancg ‘betﬁeen our wx‘k and - Brima g i8 pmbably abtributable
to tvo dmpurtty emw., B:i@@an'a mtem;. was the best available in 1945
. but cetrbainad ammﬁ 0. l wt % mm'by. In sddition Bridwn encased his
ylntatmm i.n 8 lsad éapéule. It ig podeidble that annying eﬁ‘ects at ths |
temm%tm of the alpha-beta tramitinn betwoen the lead and the plutonium
eft’ecte& ‘the mmmé. !mothe‘t possi‘bility is, of course, the fact that the

: mtml. mlm hanges By not mmspond to the mitial ehange in regigtence.

Amrieimi and Laﬁthmmg :

Ameﬁc‘xum wasS of intemat- to ue beeause early x-re.y studias 4{ndicated
. that 4% ex:mtea in both an expanded and ebnapaed Gouble hcmsenal clode packed
"}structum with ﬁhe mww form being the low 'bemarature fom. "This is

. edmilsr to the eituation i ceaium Where 1t is believed that the.collapsed
 gtruetuze gavolves an electronté transition fron the 68 to the 54 level.
mmm was studded uéing both fsothermsl compreseions and iscbarie
heatings. %o répmducible foature vas d.é'i;ected &t room temperature fron bkb
o kb, Amricmm pmve& to be v*ery uenait.i.ve to neating. The resistance
‘behavior ‘betans erratic and rose 1mv>amfblg ‘shove 70 ¢. Onat leaet one
-occasion the resis*tanca mcreasea by a factor of @ thousand. We could not
eotebligh whether thig was due to chemical or metallurgleal cm:sges in the
americium. The éafpls was always clean and shiny when removed from the sery-

1ated Agll and 444 not shov evidence of oxide in its x-ray pattern.
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At very high tempera‘hms smericfun goes into & face chntered cubie
phage and early sn thia vork we aeﬁiﬂed to look at Mthamzm which wnder-

goes 8 hoke L %o face centered cubic trmfemation et 5310°% {atmospheric |

. p%sasm ¥ Tnis involves a wegative voluie change and vas therefore believed

%0 be the daue. trans 'i’oz‘:’%mtiéﬁ sbserved by Bridgmn in his compressibility

studies at 'mém temperature and 24xb. Bridgisn ves uasble to detect this

, tremai‘bion t:sing msistemz maaummms.
‘ihe lanthenum ufed in this vork was 99 g imre and was locled in & nitro-
gen a@mé}iﬁem'., The phage &Lmn ﬁéaahawn in J:“ig 7. Abtve- 13%kb the transition

N cnum .not vé detee'ﬁeﬁ in our measmmntsa The masén for this is shown in

g, E shere dhe. mlative chmge 1a reswtance a8t the tranaitian, --E—— is
pxatbed as & mmm:m of p*sesaure It fal,la mmcuy and dmm belma the limits o
A-a" datectma by Vo, - That the ‘cramsitioi: 51-111 occuxs. 15 shown by the point

1y cm@reasi‘biuty work. B‘ig. 9 masm tha

at room temperature; '6,@, to Bridgust

e msieﬁaneestemer@tm eurve for 1a ot 4-lxb,

It ie interegting to note that af‘ber Yeing heated from the alpha *bo the
'- .befa phnse ’ -the ‘tmnsi‘-bion cea.l& not be seen on cooling, nor could i

?mma on mmssqaem heating. This chan@é in subseguent eor@reeeion of lan-
thanum was obbemd by Briwnaﬂ in iso‘therml cm@mssiona.
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Ferrovac 609 eteel heet treated to a hardness of Re 48-50.
mgpten Cardide (6§ Cobalt Binder) or Rex AA tooleted) hardened
to Be 6k, e "Fracture Line” is the point at whith the cylinder
eventually fails. This failure cen be delayed by grinding the

bottom of ‘the Jacket back so that the cylinder protrudes sbout

020", If this 1o dome the Cavily Anvil my be used after fracture
oeaurs without any mu-ceab.‘ie effect on the results.
t 'I"ermva»c 669 steel heat tmatea to a hardness of Re 52-‘5&

Rex AA ateel héud treabe& %0 ﬁ haxdmas of Re 6&
E'ransxtehga&; dam mmrml.
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