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J. G. REAVIS, S. A. APGAR, 111, and L. J. tlULLINS

Ilaterials Science and Technology Division, Los Alamos kational Laboratory,
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Americium metal was ●pparently firs~ prepared on the microgram scale by

Westrum and Eyring (1) in 1946, although this work was not reported in the open

literature until 1951. There are several reports (~, ~, ~, ~) of preparation

and study of the ■cLal on the ■icrogram and milligram scales during the ●nsuing

years up LO 1962. iteducLion of ●mericium trifluoridc al elevated Lempc!ralurcs

by barium or lithium vapor in a vacuum sysLem was Lhe wthod mosL ofLen used,

buL reduction of the dioxide by lanthanum was also used in these studies.

Preparation of amrririum m~[ill on Lhe mulLigram scale was first rrporlrd hy

Johnson and I.rary (6) in 1964. Sinfc LhiIL Limrp multigrarn haLchcs of amrriciurn

mrlul have brrn prrpnrrd al J.osAlmmusp l,ivrrmorr (7), Kal”ltiruhr(f?),ald Rorky

Flats (9, ?()).Thrrr hnvr also hcrn rrport~ of mrlal prq}nrnl ion on lhr 1-[:St-nlr

(1[, 12). This is a rrport ol [.hrrvolul ion 01 [ht. prrpnr:ltivr trchniqurx uscul

nt Los Alnmos.

Choirr of lhr Hrlal Prrplr;ltit}llProcrss

Thr twumw}iilyusrclqu.al)[i[ir::l~}tllrrtlii”iic}tlol lhr t-ourxv01 rrnt.ii{}ll::01

hi~ll trmprrfllurr:;1)..lwf’f’llIwliflr::tlrt}xidrf:nii(l:if”!ivf.mrl :Ils nrf’ I lIf” f IX t. fvlf”r.,

Rirs (II Iormn[ ion 01 lhr rr:it”l;lul:;iindI.rodut”l::01 rrnc.[i’uis. rl’rf.f.llf. r~l,”% ,,1

l(lrm:llion [IIXrvrr:ll (lXid4.::, l-II !(II ih::, nn(l Iluflritlc::111:11mny k’ (“t,ll:;itlf”lc.tlIII

Ihr l~Irp:ii;Il itul(JInmvri(.lulu rrlnl nir I islrtl in Tnlllr I. “H;(’V:ll”lr:, I 1::1 (.11 Ill

‘1’lllllrI J1l.ri~tgrnrrill hn::fvloiltlh.romp ilnllonhy (;l;IssIH.I (1”1), nllllful}!llrx.

[E;tpcllxlitms: wrir mntlr lt~l;IrnftlIttllm (Iitlxitlt’ IIIJII lf.~l;l[lll~tlitl:. hy t-f~ml~:lti::ttllWI’11

IFIItrin[.1illlclr:.. 11 WtllllilI)rjtl’rtlitlfvl111.11Ihr nlw”lit’lllm I-OmllIIllnCl:: Ii::lt.alIlt”it’

(’(1111(111(.Irilllt”rtlIlvhr::lill~, [ him WI I h nil rxt r:::: II! mrl :0 I :: 111:11 Wlllllll Itllnl Iilxllh:llllcl:.
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TABLE I-

.4’
t

FREE ENERGIES OF FOW!ATION OF SELECTED OXIDES,

CHLORIDES, AND FLLK)RIDES AT 1000 K

(Values stated in kcal pcr gram-atom of anion)

Oxide -AF Chloride -Ar Fluoride—- -M—._. ———. —. -

Cao 127 3aC12 84 CaF2 125

Thoz 123 LiCl 79 BaF2 123

LazOa 122 cacl~ 78 LiF 122

Am203 120 NaCl 76 LaF3 121

Ball 111 Lacl-J 67 NnF 112

LM)z 109 Amcl-J (x flRF2 Ill

hlo~ 95 Puc I‘J 59 Amv.J 1]()

11#) 4(J MCI 24 IIF 6!1

. . ..

h~ving mole” fmgalivr lrrr rnrl”gir.; 01 Iorm;llitlll ((lIc.sg. iOIIIICl ;liRjl~.r ill 111,1 Ji:;l ili~

of Td}lft 1) Ill;ln lhr frrc rnrrky of ft}lnmlitul01 [Id.nmvrlrlltm txmqtoliiid.(:11Ir

n-ml k USA, howrvrr, in usinR Illi*f~vc.l”::inlltlilit~tlmrlld 01 prcdit.1 iu~ Nllil:llti l-.

ily of n rrtlut.l;lnl. Thi~ is illlls[rwlr~l lIy Ihr rxprl irnl.r wi[ll nmrril.lum rtv[u{.-

1 ion. Al fir::l Kl:III1-r, onr woultl prrdi (.1 KII(-l.VSSI III l“rtll I(. [ ii)ll (}I nmr.1.it. il:~ I I.i -

c.h1411itlr by r:s 14Illm, hul I his *. I 11011ini Irtl ((I) . I I S1111111{11):. pctin[ rd t~ul , llIIW-

(’vt’I, Ihal IhIt;mf”lnod ❑ i glIl h:Ivr Ilt-Cmll311(.{”(’!:!; I II1 11;1(1i I f,t.~.11hll~twfi III [ 11:1~[ ill,,.

I 11:11Ihr mc.11 ill~ plliilf III .uurI il”illm I:: I I / 1“(1 i 11::[ c-.-III III t II(. ml}f.]1 ltW~II V. I I 11~.

(W6”(: ) I 11;1[ Jl:lll IlrvllI(.1},1,Ir(l (‘)) Th Ix It“tlui”lI1)11nit@l hnvr I)rrn nut.t.rs:;

11:1(1:1c1IIIc.lr’11[ 11(’!1[ 1 11~ I yl 11- Ilf.rll l~::rll. fhl I ilr {)[ IIrl ll;ll, (1, (111?.Wllll I tl 1)1rll

f I(ml anl~lr I I 11111Ilylll cl~rll .41)111(1 11(11 I rIlllt”r nutrl i L i um t IqItNIIIIII. , IMI[ i I 11.1::

II I

(1

llrt.11
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demonstrated that under certain conditions americium dioxide can be reduced by

hydrogen (-~,~).

In addition to the thermochemistry of the ]eactions, one ❑ust also consider

certain eugineeri.ng details when selecting a method for preparation of acti-.’emet-

als such a:.americium. These details include availability of pure reductants and

auit~ble container ❑aterials, separability of the products of the reaction, arid

r~ldiation exposure of personnel performing the operatiou. After consideration of

the ❑any factors invol-~ed, those who wished to prepare americium metal on the

❑ultigram zcale selected the me~hods listed in Table II. As was mentit,ned in Lhc

preceding paragraph, all cf the reactions arc energetically favored, with Lhc ex-

cepLion of reaction No. 3. A number of factors combine to ❑ake t~lis rcacLion pro-

Crrd . Thr sysL?m is operaLed with ullrapurr flowing hydrogrll ronLirining corlt”cllLra-

tions of oxygen nnd waler in the low purls-pcr-billion rtrnge (12). The irro energy

of forma! ion of PL5AM hrlps LO drive Lhr rrori ioil,hul [II(*frt=rc’nrrgirs oi” ft)rm:l-

tiofl of Llir ~lcl.illitltg-llnlll~c mrt:il int~.rrnc.lillli(. rumlItIIInfls iti lJI-tIIJ:Ii~ly

Fll[’lulolw 1)s1;1)

ANI) Tlllt

TAlll.1 II

I:(N{ I’I{EI’ARATION OIJ AMFRI(; IUM Ml;’I’A!.

AT”I’INI)AN’I’ FNl{l ENKR(;Y (: IIAN(;ES

Al-’, ht”:ll ,!(.1

~-lll(,lr /VII
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only -10 kcal per mole (14). Another significant effect m;lybe the introduction—

of a high activity coefficient of hydrogen in the presence: of platinum. Americium

is distilled away from the mixed pr~ducts of reactions 1-3. The feasibility of

this procedure can be seen by rrlmparing vapor pressure curves as shown in Fig. 1.

The vapor pressure of americium is greater than that of lan~hanum by a factor of

approximaLcly 3 x 104, while vapor pressures of piatinum and thorium are much iow-

er than that of lanthanum. Figure 1 also gives an indication of >he feasibility of

separation of americium from cerLain nonvolatile impurities as well as an indica-

tion of the difficulty of separation from certain more volatile impurities such as

calcium, samarium, and ❑anganese.

Reaction No. 4 of Takle 11 is seen to he very energetic and is used only

with Lht=sealed pressure vessel or “bomb” technique (9). Ttleproducts of rcac-—

tion are mechanically sepurmble and Lhe americium appears in tileattractive form

oi n regulux having almost Lhr minimum j]ossil}lcsurface area per gram 01”producL.

Thr usc of the Iluoridr, hrwwrr, has o srriolls drawback The alplIiIparLiclcs

rmilled hy amrricium rrncl witil f Iuorinr atoms und gcnrrnlr nn inLcnsc field or

nrl-l rolls . ]( is mu<h mol-rdifilrulf 10 shivlll prrsonnrl from Lhese ncautrons

II I;III flm!m lhr lilphn art ivily or thr (~0-krV ~~mmil r~ldiiltion ~ I ..mrri~.ium-241.

TIII. fif[fl l)r{~(”rss Iislr(t i]) ‘1’;IIJI{’ II i:; nil nttrn([ ivr mrti,,Ml 01” prrllnl.ill~

ww.1.i(. Ium mrl :1I , Illlt i I rr~lui I“(’s ;I Sllf.c”i;ll frr(l mnlrlinl lIIJI[ II;IS d Iimilt.tl

nv.lll,llli lily

j’rill (15) hy

1’(.(”1 Krp; ll”:ll

I,f II 1)1()(.(.*:;
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FIGURE 1. VAPOR PRESSURE Oi’ SELECTED METALS (hULTGREN)
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that of plutonium, allowing separation of the two by o double distillation pro-

cess.

Consideration of the various factors discussed above led the authors to

prefer lanthanum reduction of americium oxide over the other methods of metal

production that are discussed. Factors that influenced this decision were

availability of equipment, facilities, and feedstocks. Other investigators

may select other ❑ethods because of their particular situations.

Equipment

Americium ❑eLal has been prepared in our laboratories in batches of 10-25 g

in stainless steel gloveboxes routinely used for plutonium processing. The cur-

rent design of these gloveboxes inclulcs walls consisting of a sandwich of 0.25

in. of lead between an inner wall of 0.28 in. stainless steel and an outer skill

of 0.0625 in. stainless steel. Leaded glass, 0.25 in. thick, was added LO LIIe

sLandard 0.25-in. -thick safety glnsses. The gloves wrrc 0.030-in.-thiclt leaded

neoprellc wiLh l[ypalon cotitings boLh insidr and Outsidr. The atmosphere inside

thr glOVCbOX was argnri conLalning lCSS than 5(.)0 ppm oxygrII and water. The puml)-

ing system consisLed 01 a Lwo-sl.figrmcrh~llit.alpump and an oil diffusion purnlt

rquipprd wilh #1wnlrr-coold ball 1(.. ‘Mc vctcuumcnvclopr of $-k furn:l(-cwas

a 54-JmJJ-o.d.qllartz Iubr srnlcd [~~m(.lnl f“liJllgl.SU( 1)0111(!IldsI)yIIWilll$: of Villlll

O-rings- HPNI ing of Lho rf’art~iltx UIIIi proI!IIc[:; w:I:; by clirrrl (-uui)lillg oi ;J

10 kllz imlu(-lioll fit’ld dirrt.tly 10 LII(’ Will 1$ [Jf” 111{. lJJll(illUJJl jlJr[l;l(-(.. A (Ilill

(~.oio-in.)” Spl 1[ l’ylllldrr 0[ (MllillltJM iJ) dirrt.t t-(llll:lt.l WillJ llJf’ illsi(l(. wnl I



and distilling the product

americium was recovered by

6

americium metal

peeling it away

into

from

a cooler condenser section. Tb*

the cot,denser or by changing

the position of the condenser, reheating, and allowing the metal to drip into

a ceramic casting crucible.

Evolution of Furnace Design

The evoiation of the design of the furnace f~r americium metal preparation at

.lamos has been toward simplification. This evolutior is illustrated in Fig. 2.

Designs (a) and (b) were used in the earliest multigram preparations. Design (c),

which was originated at Livermore (7), was u6Pd at a later date. There were two—

major problems with these designs. One of these was the high expense of fabrica-

tion of a device Lhat bad a low rate of reuse (usually O to 3 times). The second

probiem was retention of 25-35% of the product metal because of fonaation of a

surface film that would not drain into Lhc casting crucible. Later preparaLicms

were peri”ormed in design (d). In this design, the rcacLor/disti]laLion pol and

t.hcdislillaLc cctndrnscr arc comblncd in Lhc form of a single flaL-boLLonl, wrldrd

construction Lnnlalum crucible LhaL is 1 in. in diameter by 8 in. dcrp with

0.020-in.-tllirk walls. A loose-f’itting cnt.rninmrnL baffle consisls 01 two thin

Laula]um discs penrlrtitrd by nm:lllrnndorn1]01(’s. no discs tirehrld aj~]}roximn(rly

0.25 in. npnrL by Lnnl. nlumwirr and Lhr ossrmb]y rcsls 011 LIIC Kurf”hrr 01 Llt(. I“f.-

nctin~ mjxlllrr. Thr ~.I-IICilI]r is COVCI”C(I hy II Joosc-fitting liJIIldlum Ii(l :IIIil [II(.

11111~~’ct iol} i~ cool PIl I)V n w;l(rr-t.otjlcvl (.01 Inr.

(lp.r:~.l ion of” Ihr SyK!cm

TIIC Cmj}ty nlqInI”:ItuK Wns d(’~nfisd !Wlo I”r us{. hy IIc.;I( in~ LIJ nl)l)roxim;ll.rly

1500”(.” ill varuo un[ i I lhe I]rrsslllx’illdit-tiliollhad lulIrn [c Lhr bnrk~ro!llltl

(11nbl)llt10-:’iolr . Allrxtvs~ ([IIN)ll:75%1 (If fillrlydivi~lr(llallthnnum tllills w;I:;

mixrd wi(il AM(J2 powIlrI lIy iuml~lill~ ill n I(mii(i-sllif’l(if.tl htrrl rolllaillrl”, LI”XIIS-

irIIetl 10 [lIr (mIIJIII IIn {.l{l(il)lcI)yuI;rc~[it loll~-:;trnl;;l:lilllv::::::lrf.1I!lllllt’1
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(to avoid dust transfer to the walls) and tamped to give intimate contact. These

operations were performed in the argon atmosphere containing less than 500 ppm

oxygen and water. The loaded crucible was placed in the vacuum system and al-

ternately evacuated slowly to the background pressure and backfilled with high-

purity argon three times. The last filling of argon was left in the furnace and

the system -~asslowly heated. A temperature spike of about 350°C was usually ob-

served when tbe reaction started at about 800°C. Heating was continued approxi-

mately one ❑inute, then discontinued. The system was then evacuated and heated

at a rate slow enough to maintain observed pressures only slightly above thti

background pressure. The temperature was held at about 1400°C for times suf-

ficient for distillation of all the americium, assuring a distillation rate of

3 g/h. The system was cooled, disassembled, and inspected by gamma scanning

to verify that the americium had indeed been transferred from the reaction zcne

to the condenser zone. Figure 3 shows the spatial relationship between the in-

duction coil and the furnace, the Lempcrature profile ciuring distillation, and the

gamna activiLy profile at the end of disLillatiol).

The reactor and condenser sections of the app:lraLus werr then separalrd and

the condenser seclion was heat~d in an argon aLl!losp]tereLO melL the amcriclum and

cast iL inlo a yttria Cruril)lc. To lessen tncrrnal shock of Lhr cruriblr hy Lhr

molLen metal , a surroundin~ Lantalum s~scrptor W;IS used LO heal [.hc crucilllr simlll-

t.ancously. III Lhr usc of Iurnace designs (h) and (c) (~ig. 2), Lhf! Condf.nsfsr

srclions wrrr inverLed f“or lht= cnstjng oprrnt ion. 111 tlw’ us{’ uf dcsi~[l (d;, (lIf”

boltom 2 in. of Lhr cru(.ihle containing Lhr Innlhalltm oxide, cxrrss JDIIIII:IIIIIIII,;IIIII

LIIrrnLrainmrI]l l~al[Jr wilt; (.11( off I}yI~K{.01”~II~IIIIg~:ullt.rs. TII;::hullom s~”t[i!}ll

Wnfidi:;t.~rflrtlnllfltIlrcflllIlrnsrrSrtLi(IllW;)::illvrl1(’(1;lllfl[~(’il[~(l L() i~()()(’(: ioI” I .’)

mill (II cast LI16 nmrritilml IJI-O(llll.I .
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The yield of the casting operation was increased by using coatings to reduce

the degree of wetting-of the tantalum. Best results were obtained by use of yttria

applied as a s“lurry to the inside and outside of the upper section of the crucible

afLer it had been heated briefly to dull red heat in air. This heating seems tc

produce surface that can be more eveiily painted with t e ytr.ria slurry.
P

The

slurry w; . applied at a crucible temperature slightly less than 100= :. The coat.e(i

crucible was first baked at a low temperature in air and ouLgassed in vacuo at

1500°C ju:;tbefore use.

Product Yirld and Purity——— .-

The overall yields of americium in the ●arly work (6) using designs (a) and-.

(b) (Fig. 2) averaged abou~ 75% per batch. The average yield using design (d) on

the 25-g scale was 89%. It was feared that the simplified design (d) wouJd allow

greater contamination of the product by lanthnnum, but the change was hardly sig-

nificant. Americium product from design (b) contained 2500 pprn lanthanum, whf’rc;ls

Lhat from design (d) conlainrd 4000 ppm. TIM’on]y oLhcr impuri~.irs in the I;Ill{*r

product thnt callldbr d~ltrcLtm(lby spectroscopic analysis were 20 ppm •iig~(~si~mi i)i)(l

20 ppm calcium. Thr yLLrium conccnLrution WHS reporLcd as less Lhan 200 ppm. No



fi

produced ii distillation were to be discontinued d ,rlier, wit}! no attempt at

quantitative recovery of the ❑etal.
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