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AMERICIUM METAL PREPARATION ON THE MULTIGRAM SCALE

J. G. REAVIS, S. A. APGAR, III, and L. J. MULLINS
Materials Science and Technology Division, Los Alamos National Laboratory,
Los Alamo=, NM 87545

Americium metal was apparently f{irst prepared on the microgram scale by
Westrum and Eyring (1) in 1946, although this work was not reported in the open
Jiterature until 1951. There are several reports (2, 3, 4, 5) of preparation
and study of the melal on the microgram and milligram scales during the ensuing
years up to 1962. Reduction of americium trifluoride at elevated tempecralures
by barium or lithium vapor in a vacuum system was the mcthod most oflen used,
but reduction of the dioxide by lanthanum was also used in these studies.

Preparation of americium metal on Lhe multigram scale was first reported by

Johnson and Leary (6) in 1964. Since that time, mulcigram batches of americium
mctal have been prepared at Los Alamos, Livermore (7), Kavisruhe (8), and Rocky
Flats (9, 10). There have also been reports of melal preparation on Lhe 1-g scale
(11, 12). This is a report ol the evolution ol the preparative techniques nsed
at Los Alnmos.
Choice of the Melal Preparation Process

The commonly used quantities for prediction of the conrse of reactious al
high temperatures botween halides or oxides and active metals are the frce ener-
gics of formation of the reactaats amd products ol reactions.  Free encrgres ol
formatl ion ol several oxides, chlovides, and [luorvides that may be considered in
the preparation of amerviciuw wetal me listed in Table Fo The valuen Lizted an
Table | arve iw general based on Uhe compilation by Glassaer (1Y), although ex-
Crapolations were made for amer o dioxide and tetvalluonids by comparison with
other netimden. 1t would be predicted that the awericim compounds: Tisted here

could he 1educed by hezting them wilth an excezm of metalz that wonld Torm compoemnd:



2

TABLE I

FREE ENERGIES OF FORMATION OF SELECTED OXIDES,

e
CHLORIDES, AND FLUORIDES AT 1000 K
(Values stated in kcal per gram-atom of anion)
Oxide -AF  Chloride  -AT  Fluoride -A¥
Ca0 127 BaCl, 84 CaF, 125
ThO, 123 LiC] 19 BaF, 123
Laz0, 122 CaCl, 78 LiF 122
Am;0, 120 NaCil 76 LaF 3 121
Ba0 111 LaCl 4 67 NaF 112
uo, 109 AnC1 4 66 Mg}, 11
Ax0,, 95 PuCl 4 59 AmF 4 110
H,0 46 nci 24 HF 6h

baving morc negative tree energics of formation (Lthese tound higher in the Jisting
of Table 1) than the tree energy of formation ol the americium compound.  Core
nust be used, however, in using this oversimpliflicd method of predicting suitabil-

ity of o reductant. This is illustrated by the expericence with americium redouc-

tion. At first glance, one would predict successful reduction or americicm Uri-
chloride by calcium, but this method tailed (0). 1t should be pointed oul, how-
ever, that this method might have been successinl had it been knowe ot that Cime

that the melting point of ameriviom s U 17C insteald ol the much lower valoe
(994°C) that had been eported (%) Thaie reduction might have been nuccessial
had a dailfevent heating cycle been psed. On the other hand, one wonld predact

from Table 1 vhat hydiopgen would net edoce amesiviom compounds, bt i has heen
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demonstrated that under certain conditions americium dioxide ~an be reduced by
h!drogen (8, 12).

In addition to the thermochemistry of the )eactions, one must also consider
certvain engineering details when selecting a method for preparation of active met-
als such a- americium. These details include availability of pure reductants and
suiteble container materials, separability of the products of the reaction, and
radiation exposure of personnel performing the operation. After consideration of
the many factors involved, those who wished to prepare americium metal on the
multigram sccale selected the methods listed in Table II. As was mentiuned in the
preceding paragraph, all c¢f the reactions are energetically favored, with Lhe ex-
ceplion of reaction No. 3. A number of factors combine to make this reaction pro-
ceed. The system is operated with ultrapure floving hydrogen containing conccutra-
tions of oxygen and water in the low parts-per-billion range (12). The iree energy
of formation of PtgAm helps to drive Lthe reaction, but the free energics of forma-

tion of the actinide-noble metal intermetallic compounds is probably

TABLE 11
METHODRS USED FOR PREPARATION OF AMFRICIUM MICTA!
AND THE ATTENDANT FREE ENERGY CHANGES

AF, hcal er

No. React ion grmote Am
1 Ami), + 4V La » 2/ Lay,04 t A =40

2 Am),, + Th » ThO, 1 Am ~hY

) } {(n)
} Amiy (L) 4 2H, » 1L0 0 Pt Am 1100

h Amb v 7Cn » 2Cak., U Am =140

Y P'u 1 Am Jistallation

(a)

This: value of AF wax calcnlated 1oy the reaction in the abzence ol platonom,
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only -10 kcal per mole (14). Another significant effect may be the introduction
of a high activity coefficient of hydrogen in the presence of platinum. Americium
is distilled away from the mixed products of reactions 1-3. The feasibility of
this procedure can be seen by comparing vapor pressure curves as shown in Fig. 1.
The vapor pressure of americium is greater than that of lan_hanum by a factor of
approximately 3 x 109, while vapor pressures of piatinum and thorium are much iow-
er than that of lanthanum. Figure 1 also gives an indication of the feasibility of
separation of americium from certain nonvolatile impurities as well as an indica-
tion of the difficulty of separation from certain more volatile impurities such as
calcium, samarium, and manganese.

Reaction No. 4 of Talle Il is seen to be very energetic and is used only
vith the sealed pressure vessel or "bomb" technique (2). The products of reac-
tion are mechanically separable and the americium appears ia the asttractive form
of a regulus having almost the minimum possible surface area per gram of product.
The use of the {luoride, however, has a scrious drawback The alpha particles
emilted by americiwn react with fluorine atoms and generate an intense field of
nevtrons. It is much more difticult to shicld personnel from these neutrons
than fi-m the alpha activity or the 60-keV gamma radiation ¢! _mericium-241.

The Fifth process listed in Table 11 is an attractive metuod of preparving
wmericoum melal, but it requives o special feed matervial that has a limited
avaalability., Hundieds of Kilograms of ameviciom=-241 arve formed worldwide cach
year (1) by decay of platoniwn 2ol but the concentration is very low and di-
rect geparation by distillation of the americium is not fteasible.  One product
of a proces: called "molten salt extiaction” consists of o plutonrum-amerciom
altloy contmining nbout 5% amervicium (10, 16).  As can be seen from Fig. 1, the

vapor pressme of ameracium iz omore than thiee ovders ol magnitude greater thao



SELECTED METALS (HULTGREN)

FIGURE L VAPOR PRESSURE Oi-

o PR

'
Mer  jone fpee P spes

mee

reo

TEMPERATURE, DCQ C



5
that of plutonium, allowing separation of the two by a 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 methods because of their particular situations.

Equipment

Americium meial 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 incluies walls consisting of a sandwich of 0.25
in. of lead between an inner wall of 0.28 in. stainless steel and an outer skin
of 0.0625 in. stainless steel. Leaded glass, 0.25 in. thick, was added to the
standard N.25-in.-thick safety glasses. The gloves were 0.030-in.-thick leaded
neoprene with Hypalon coatings both inside and outside. The atmosphere inside
the glovebox was argon conlaining less than 500 ppm oxygen and water. The pump-
ing system consisted of a two-stage mechsnical pump and an oil diffusion pump
equipped vith o water-cooled baffle. The vocuum ~nvelope of the furnace was
a S4-mm-o.d. quartz tube scaled to metal flanges at both ends by means of Viton
O-rings. Heating of the reactants and products was by dircet coupling of
10 kHz induction field directly to the walls of the tantalum {furnace. A thin
(0.010-in.) split cylinder of tantalam in direct contact with the inside wall
of the quartz vacuimenvelope served as a heat rellector. The temperature of the
tantalum crucibis was determined by sightong sn optical pyrometer through the
O.1-in.~wide vertical slit in the heat retlector.  The general method of opera-

Cion was heating Tanthanom and ameq icium dioxide in the battom of the furnance
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and distilling the product americium metal into a cooler condenser section. The
americium was recovered by peeling it away from the corndenser or by changing
the position of the condenser, rehe:ting, and allowing the metal to drip into
a ceramic castiog crucible.

Evolution of Furnace Design

The evoiution of the design of the furnace fur 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 (Z), was usrd at a later date. There were two
major probiems with these designs. One of these was the high expense of fabrica-
tion of a device that had a low rate of reuse (usually O to 3 times). The second
probiem was retention of 25-35% of the product metal because of formation of a
surface film that would not drain into the casting crucible. Later preparations
were pertormed in design (d). In this design, the reactor/distillation pot and
the distillate condenser are combined in the form of a8 single flat-bottom, welded
construction tantalum crucible that is 1 in. in diameter by 8 in. deecp with
0.020~-in.-thick walls. A loose-fitting entrainment baffle consists of two thin
tantalum discs penetrated by amall random holes. The discs are held approximately
0.25 in. apart by tantalum wire and the assembly rests on the surface ol the re-
acting mixture. The crucible is covered by a loose-fitting tantalum Iid and the
tup section is cooled by a water-cooled collar.
Operation of the System

The empty apparatus was depassed belore use by heating o approximately
1500°C in vacuo until the pressure indication had fallen to the backgroound
of about 10 " torr.  An exders (about 75%) of {inely divided Tanthanum chips was
mixed with AmQ)y, powder by tumbling io a lead-shiclded steel container, trans-

ferved to the tantalum crucible by use of a lopg-stem stainles:s steel Tanneld
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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 ppw
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 was slowly heated. A temperature spike of about 350°C was usually ob-
served when the reaction started at about 800°C. Heating was continued approxi-
mately one minute, then discontinued. The system was then evacuated and heated
at a rate slow enough to maintain observed pressures only slightly above the
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 iemperature profile during distillation, and the
gamma activity profile at the end of distillation.

The reactor and condenser sections of the appacatus were then separated and
the condenser seclion was heated in an argon atmosplere to melt the americium and
cast il into a yttria crucible. To lessen tnermal shock of the crucible by Lhe
molten metal, a surrounding Lantalum susceptor was used to hcat the crucible simul-
tancously. In the usc of furvace designs (b) and (c¢) (Fig. 2), the condenser
sections were inverted for the casting operation. In the use of design (dr, the
bottom 2 in. of the crucible containing the lanthanum oxide, excess lanthanum, and
the entrainment batfle was cul off by uke of tubing cotters. This bottom section
was discarded and the condenser section was inverted and heated to 1200°C tor 1Y

min to cast the americium product .
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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 slurry to the inside and outside of the upper sectioa of the crucible
after it had been heated briefly to dull red heat in air. This heating seems to
produce surface that can be more eveuly painted with epe ytrria slurry. The
slurrv w; . applied at a crucible temperature slightly less than 100° .. The coated
crucible was first baked at s low temperature in air and outgassed in vacuo at
1500°C ju:t before use.

Product Yicld and Purity

The overall yields of americium in the early work (6) using designs (a) and
(b) (Fig. 2) averaged abou: 75% per batch. The average yield using decign (d) on
the 25-g scale was 89%. It was feared that the simplified design (d) would allow
greater contamination of the product by lanthanum, but the change was hardly sig-
nificant. Americium product from design (b) contained 2500 ppm lanthznum, whereas
that from design (d) contained 4000 ppm. The only other impurities in the latter
product that could be detected by spectroscopic analysis were 20 ppm magnesium and
20 ppm calcium. The ytirium concentration was reported as less than 200 pom.  No
analyses lor oxygen or other anionic impurities were made.
Zumma ry

It was demonstrated that americium metal ol approximately 99.5% purily can
be produced on the 20- to 25-g scale by lanthanum reduction ol the oxide 1n o
very simple apparatus.  As was predicted from relative vavor pressores, volatile
wetal impuritics cach as calcium and smagnesium accompany the americium duing dis-
tellation.  The major impurity detected was Janthanum at o concentration Chat
wonld be predicted for the equilibrium vapor composition above Lanthanum wetal

containing 1T ameraciom. 1t is speculated that Yigher pority amesicimm might be
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produced ir distillation were to be discontinued ' irlier, with no attempt at
quantitative recovery of the metal.
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