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ABSTRACT

Amerﬁclum trifinoride preparéd by" hydrofluorlnation of the dioxide was
reduced to metal on the 40 to 200 microgram scale by reduction with barium metal
in a high vacuum microfurnace at llOO C in various refractory materials.. High
yields of 31lvery, very malleable and ductile; metal globules were obtalned
Reaction with hydrogen to form a hydride and measuremept of hydrogen,evolution
upon dieeolution.in acid were further proof of the metallic stateo The density
was determined as 11,7 = 0.3 g em™3. Tts low value compared to that of its
preceding elementary neighbors is in striking resemblance to the behavior of
its lanthanide analog, europium. The heat of solution of the metal in l¢5.molar

~

aqueous HCL was determined as -160 ¥ 4 kcal moleml._

V*This research was'performed under the,aGEpices of the U, S. Atomic Enegqu
Cammission and was reported in University of Califofnia Radiation Laborato?y,
.Chemlstry D1V151on Memorandums MB-IP-96 (July, 1946); MB-IP-97 (July, 1946),
MB-IP-122 (October, 1946), MB-IP-165 (Jamuary, 1947); and MBaIP=l7O (February,
1947) Presented at the 118th National Meeting of the American Chemical
Society at Chicago, September 5, 1950. B -

**Present addeeseg' Deﬁartmeﬁt of Chemistr&,'ﬁhivefsity of Miehigan;.
Ann Arbor; Michigan° | l

# . . " . . . .
Present addresss Department of Chemistry and Chemical Engineering,
: > : . _ ,

- StateiUniVereity of Towa, Iowa City, Iowa.
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THE PREPARATION AND SOME PROPERTIES OF AMERICIUM METAL

Edgar F. Westrum, Jr. and LeRoy Eyring
- Radiation Laboratory and Department of Chemistry
University of California, Berkeley, California

Seaborg, James, and Morgan-discovered americium in plutonium irradiated

in the nuclear fusled reactor.~ > In a recent nétéh

-

it is indicated that

)

(1) G. T. Seaborg; Chem. Eng, News, 23, 2190 (1945).

(2) G. T. Seaborg, Chem, Eng. News,l2h, 1193’(1‘946)°

(3) G. T. Seaborg, R. A. James, and L. O. Morgan, National Nuclear Energy
Series, Plutonium Project Record, Vol. 14B, "The Trénéuranium E}ements; Researéh'
Papers, " Paper No. 22.1 {McGraw-Hill Book Co.s, Inéo,.New York, 1949).

(4) A. Ghiorso, R. A. James, L. O, Morgan, ana G. T. Seaborg, Phys. Rev., '

78, 472 (1950).

americium formed by the reaction » -

Pu239(th)Puzho(nQY)Pu2hl ——E~%> Am2iL
my be produced in mllllgram amounts by internise radlatlon of large quantities
~of plutonlum The isolation of amerlclum in a relatively pure state was first'

achieved by Cunningham who obtained a few mlcrograms of 99% pure material.

(5) B, B. Cunningham, National Nuclear Energy'Séries, Plutonium Project

\

"Record, Vol., 14B, "The Transuranlum Elements° Reseavch Papers," Paper No. 19.2

(McGraw«Hill Book Co,, Inc., New York, 1949)

The solution chemistry has been studied by Cunningham and others; and the work

of’\Fﬁed6 at the Argonne Natiénal Laboratory has indicated marked formal

(6) 5. Fried, J. Am. Chem. Soc. 73, 416 (1951).

" analogies of the simple crystalline comﬁounds to those of the rare earths as



-l UCRL-1055

well as isomorphism with eome of those of the transﬁ%anium elements.:

The production of ameficium metel and the investiéation of certein’of its
properties are of special interest because, in eerms of the hypothesis that
the seventh period elements fofm»a 5¢ series'of the actinide.t&pe, americium
occupies an analogous position to that of europlum which is a metal of ab- f
- normally low density compared to its lanthanide neighbors. A striking resem-
blance would thus exist between the two analogs if, as is indéed the situation,
emericium also has e markedly lower density than do its preceding neighbors in
the series. It will be of interest to learn whether the transamericium~eiements
pessess relatively high densities like the preamericium actinides; or‘densities .

more comparable to that of americium as a result of the expected tendency of

transplutonium elements to bear a greater resemblance to ﬁypieal lanthagidee.

PURITY OF THE AMERICIUM STOCK
Highly purified aqueous nitrate,steek solutions of americium (Amzhl) were
made available for this inveetigation by B. B. Cunningham; _Aliquots of these
- solutions were spectrochemically analyzed'for cations either by J. G. Coeway,-
or by the Argonne National Laboratory and.generally no amounts of cations were
found above the limite of detection. In otﬁer batches of stock; ianthanum*

concentrations of several tenths of a percent were detected. - .

PREPARATION OF AMERICIUM TRIFLUORIDE
Americiun hydroxide was.ﬁfecipitated from the nitrate stock by gfadualiy
neufralizing the acid stock ﬁith anhydrous4ammoniao, Tﬁe precipitate-was centri-
fuged; slurried into a sma;l platinum dish, transferred to a platinum hydro-
fluorination apparatus (Fig. 1), dried in & stream of oxygen and slowly heated
to an ignition temperature of about 650°C thereby eonvertlng most of the
hydroxide to crystelllne dlodeeoé After allowing the reactor to cool, anhye

drous hydrogen fluoride was allewed to flow over the dioxide and the reactor
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temperature waé gfadually elévated to 65000° The small coééentration of hydro-
gen present in commercial hydrogen fluoride éefved as thé'reducing agent. After
an hopr’s>hydrof1uorination, the reactor was cooied to 100°¢, evacuated; gﬁdi',
refilled with hydrogen.
The apparatus consists essentially of a ﬁlatinum reactor (D) tﬁe'flangeé

of which are clamped vacuum-tight by the stainless steel blocks (C). The&éubé
stance to be converted is placed in the platinum vessel (E). Flow metefihg -
devices for oxygen and hydrogen, hydrogen fluoride and vacuum connectionsg,ané
an aneroid pressure géuge are connected to a manifold gt (F). The platiﬁum ‘
spheres (A) contain filter disks of sinteréd platinum to pre%ent the inﬁfusion. .
of solids into the reactor and to prevent the catastroph£c loss of radioacti&ev
solid. A furnace (G) of nichrome-wire wopnd on a quaftz tube and insﬁlated
with magnesia was employed. The plastic bubbler (H), filled with a fluorocarbon
0il, gave an indication of the exhaust gas rate. Ordiﬂ;ry brass needle valves -
(B) in which the packing had been replaced with teflon turnings were used.

| Thé faintly pink pfoduct was established by x—fay diffraction to"be. améri-
cium triflucride sﬁhilaf to that previously prepared by Fried6 and identified' I

by Zéchariaseno7

(7) W. H. Zachariasen, Metallurgical Laboratory Report CP-3521 (May, 1946).

PREPARATION OF THE METAL

The abparatus'employed for metal productibn is schematically diagrammed

in Fig. 2. The water-jacketed glass bulb (D) with an optical port (A) is con~

~

~nected to a fast pumping, high vacuum system at (B)?. The microfurnace O,Q'ﬁmn

" tungsten wire coil is supported on 2 mm diameter tungsten electrodes. The .

present design of.furnace and bulb has been modified from that used in the

8,9

prepafation of plutonium and néptunium%o to have superior_prerun 6utgassing
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(8) E. F, Westrum, Jr., Metallurgical Laboratory Report CK-1586 (Mﬁy, 1944)
D, 20.°

(9) E. F, Westrum, Jr., Metallurgical Laboratory Report CN-2496 (Jamuary,

1945)5 p. 12.
(10) S. Fried and N. R. Davidson, J. Am. Chem. Soc. 70, 3543 (1948).

characteristic and less tendency toward outgassing during the actual fiffﬁé.:
Diréét Gurent heating has been favored over the pre&ious ﬁse,of alternéting
current ‘in that the‘substitution‘has permitted better temperature cortrol
during the,éritica} period wheﬁ reductant ﬁetal is issuing from the. furnace.
The lower peak voltage of the direct current permittea bperation,belbw the
ionization potential of barium. |

 Because only a limited quantity of émericium was available for this pur; N
pose; a nuﬁber of experiments were made using silver metal as a stand;in to
" determine the loss by volatilization from the crucible system. |

After a thorough degassing and vitrification of the beryllia crucible

system at about 1700°C and a pressure of 10=6 mm,; the inner crucible {L) Qas
loaded with a ¢ylindrical sampie (K) of AmF3 pelleted to OOS-mm didmeter in.a -
polished; hardened steel die. 'After insertion of (L) in the outer BeO crucible
{G), a séver&l fold excess of high.purity barium metal (H) was added'above the
"BeO plate (J) and the system éapped with the plug (F). Upon insertion of the -
A ‘ 6 ,

furnace into the bulb and evacuation to 107> mm, the reduction was made at a“

maximum temperaturé of 1100°C for a maximum of one and one-half minutes. .The

\

/

first attempted reduction (in July, 1946). was sucgessfdl and about forty
micrograms of trifluoride gave a single coherent, almost spHerical'gloBuie

11 :
in an estimated yield better than 75%. A number of subsequent reductions

(11) E. F. Westrum, Jr., repértgd in University of California Radiation

Laboratory, Chemistry Division Memorandum MB-IP-96 (July,,léhé).
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were made in successive months on the écale of hundreds of micrograms by the

) o
- same reduction technique at 1000-1200 C. In an attempt to improve the yield

somewhat, other reduction experiments were tried in which a pressure’qf abqut‘
2.5 cm of argon was used. After the reactioﬁ had taken place at a furnace
temperature in thg vicinity of 1200009 the furnace was cooled fé 950°¢ ahd the
barium allcwed Qg distill %o the bulb under vacuum. This type of run-was less
successful in pféducing a largép coherent yield of metal.

- The BeO crucibles made from a nitric acid paste bf 200 mesh ﬁigh firedj,
beryilia‘are convenient in that they absorb all the slagAformed on{this scale
of reduction; leaving a clean giobule of mgtal° No evidence of réaction,ﬁith
the béryllia was noted on the surface of the globule adjacent to thé crucible
at the température of the vacuum reductions., Other crucible materials'were
also tried. A crucible ground f?o& densely sintered beryllia was very success-
ful. A réduction in a tantalum crucible‘éave metgl‘in hiéh yield, but the
americium wet and spread uniformly over.the tantalum crucible. Né-metal ﬁas
obtaiﬁed in reductions in cerium sulfide (CeS) crucibles. Lithium was used
as a reductant with less sﬁcceés in obtaining a éoherent yield.

The luster of the freshly prepared metal is whiter (that is,‘more silvery)

A

than that of the metallic state of the precedihg three élements prepared in

the same manner. The metal is very malleable'andAductilé compéred to uranium
ana neptunium preﬁared by the same teﬁhnique on this scale. A single flat-
tening in a micro staking tool resulted in an increase ih croés'sectional area
of approximately 20 fold witﬁout pronounced fracturing of the edge. Although
hormaliy'handled inrthe anhydrous nitroéén atmosphere of the dry box; to

avoid the corrosive actioﬁ of laboratory air; the metal is stable in dry air
at room temperature and tarnishes quite sléwly°

In order to establish the preparation of the metal;.a 50 miérogrém piece

of metal was dissolved inldilute-HGl and the hydrogen evolution measured.lz.

RN
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‘(12)AThe apparatus we deviséd for this purpose is shown in Fig. 12 in a

review article by Dr. B. B. Gunningham; Nucleonics, 77, 62 (November, 1949).

The dissolution was very rapid and complete and yielded 1.5 molés:of hydrogen
per mole of americium within the experimentsl accuracy (= 10%)° Spectro~-
chemical analyses indicated lack of contamination of the metal by barium or

'beryllium,

' PREPARATiON OF AMERICIUM HYDRIDE
A 40 microgram globulé cf americium was subjected to the actioﬁ of hydrogen '
gas at;room temperature in an ingenious device (diagrammed in Reference lO)l |
developed by HO-L, Baumbach fof the preparation of plutonium hydride.on the
microgram scale. No reaction occurred at room temperature and one atmosphere,
but 'upon heating to 5000 a rather violent shattering of the metal globule. .
yielded a blackvvoluminous powder. The volume of hydrogen uptake corresponds

to a formula of AmHs 7 ¢+ 10%-

THE DENSITY OF THE METAL
The density of a number of particlés bf metal producedlhave been detérminéd
© by thebdisplacément of a meniscus of dibutylphthalate in a capillary in which
the samﬁle wag immersed. The capill&ries were calibrated,by 6ptica% measure-
ment of their diameter and with peliets of platinu; of‘know-n-density° The
values summarized in Table I are gtrikingly lower than the densities of ‘
thorium; qranium, and neptuﬁiumo | | \

~

Teble I. Density of Americium Metal - .

Am Globule  Wt. of.Am (mg) Density (g em=3)

1 0,200 11.1

2 ~0.350 , 11.9 )
C1e2 . 0.557 o 10.0
3 0.210 | 121

4 0.270 '12.0
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. o N . /
The first four determinations were made with the assistance of W. J. Blaedel,

>and number five with the help of J. C. Wallmax:x° Tﬁe twb pieces used in deter-
iination three are those of the preceding.deperminations compressed i? a hy-
.drauiia press. No visible éxterior cracks or voids.were gbserved under 60x
magnification., The high gamma ray background prevented confirmation of the

density values by x-ray diffraction analysiso'-

ATTEMPTS TO DETERMINE THE MELTING POINT
A number of attempts were made to determine the melting point of americium

in the micromelting point apparatus already described. 3 Instead of the sharp

(13) E. F. Westrum, Jr.; and L. Eyring, "The Melting Point and the Density
-of Neptunium Metal. A Micro Melting Point Apparatus for Metals," (accepted

for ﬁublication in the J. Am. Chem., Soc. in June,‘1951)°

convergénce of the jaws noted for zinc, magnesium; and neptunium, only a gradualj
convergence was observed beginning at aboutv‘850°C° Convergence'did not become
éémplete even at 1200°G-and on atfempting to remove the globule it was found

to be so firmly attached to the tungsten that the‘péllet was torn asqnder on
forcibly separating the Jjaws. Examinaﬁion of the américium adheriné to the

tungsten failed to reveal any oxide or high melting inclusions.

THE'HEAT OF SOLﬁTIbN OF AMERICIUM METAL
Two heat of'solufion meésurements of'americium metal were made on globules
cof americium disso1ved-in 1.50 molar hydrochloric acid previously saturéted
with hyd:ogeno These &eterminations were made in a calorimeter specially

.designed and constructed for this purposeolh The data obtained arevpresented

(l@) Ea F. Westrum, Jr., and L. Eyring, to be described.

e

in Tébie IT. ‘The rather large uncertainties indicated for run (1) are occasioned
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by weighing difficulties and also by the fracture of the fragile quartz calori-
meter stirring shaft during the run. The heat of solution has been corrected
for the water vaporized by the éscape of the hydrogen. ' 1" ‘ Co

Spectrochémicé1 analysis of the calorimeter solutions indicatedvﬁhe_pre—

sence of less thap'dol% of cerium and lanthanum in the metal. Neither barium

N

nor beryllia were detected.
Table IT

Heat of Sclution of Americium Metal in 8.8l g 1.50 Molar HC1 at 25°C

Run Number ' 1 2
Americium (micromoles) liAS 2,28
Heaﬁ’EVol&ed (cal) o o 0.248 0.357
Heat of Solution (kcal) 67111 <159 g

4

The weighted mean of these values (=160 Iy keal) corresponds to the
reaction : C 13.

Am o 3H, L= AmO 3/2 H,

" (aq) (aq) 77 g)
in 1.5 molar aqueousvhydrochlcrio acid. The saﬁélvalﬁe obtains for 1'molar
aquecus hydroéhloric acid. Corresponding values for the heats of formation

of ~123.6 keal'” for U -, =127.3 keal¥ for Np'>, and -141.9 keal™ for Pu'>,

(15) L. Erewer, U. S. Atomic Energy Commission Declassified Document

 AECD-1899 (February 10, 1948). - | IR

s

' in 1 molar HCl at 2500 indicate a value in line with expectation. ' The heat
of formation of c':;ystallin@‘ﬁmﬁl3 is estimated to be -248 kcal per mole from
the rough correlation of heats of,solutionvof-trivalénﬁ chlorides of the same

>cnysta116 structure with the fonic radii\and domparison with_the heat of.
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- 1

(18] H. Bommer and E. Honmann, Z. anorg. Chem., 248, 357 (1941).

17

_solution of,PuGl3°

' {(17) H. P. Robinson and E. F. Westrum, Jr., National Nuclear Energy Series; |
'Plu@onium Project Record; Vol. IQB; #The TransurgniuﬁxElemehtsz Reseafch Papers, ¥

Paper Wo. 6.5, (McGraw-Hill Book Co., Inc., New York, 1949).
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