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ABSTRACT
Studies are reported of the preparation of rare-sarth

metals and of thg alloying properties of the rare earths with matrix

metals of high density.
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UNCLAMMILFIED

HIGH-DENSITY ALLOYS OF RARE BARTHS

Since the report*) of Jle 10, the following alloys have been
preparad:
l. Gold~Didymium
(2) 23.4% rare earths: Figurss I end 1I. This alloy
is apparsntly a eutectic between two cowmpounds.

(L&Aus, IMUz)o

{v) 3.73% rare earths: Pigures III and IV. This alloy
contains leoss of the eutectic phase than the 6.26%

&lloy previously reported.

(6) 2.15% rare earths: Figure V. This elloy shovs &
furthor decrease in the amount of eutectic phase as
compared with (b). Relative emounts of the gold and
sutectic in this alloy indicate that, if a solid

solution 1s formed, the solubility of rare sarths in

E—

sold is low.

*) ¢ = (MUC~FHS~61)

APPROVED M Q,LLAQ ;I!LFELEQ



APPROVED FOR PUBLI C RELEASE

A-Didymium, 23,49 Rare Farths

TL59

gu.—

£33 8

i : Gy
1 i
% 5 "‘"
ni

2s7

W 3

1 &

EME

H ¥

§2

55

E3

Figure II
X1960
Au~-Didymium, 23.4% Rare Earths
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Figure IIX
X200
fu-Didymium, 3,73% Rare Earths
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Au~-Didymius, 2.15% Rare Earths
N
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Gold Mischmetal

(a)

(b)

(e)

7.48% rare earths: Figure VI. This alloy hes a |
autectic structure similar to that in the gold-
didymium alloys, indicating that the addition of
cerium to the rare earths present does noi change
the metallographic faatu;es of tha alloy. The
jron present in the mischmetal (2.6%) did no%

introduce additional structurse.

8.74% rare earths: TFigures VII and VIII. This
alloy shows the eutectic plus a}compound vhile the
7.48% (a) shows the sutectic plus the gold phese.

By comparing areas covéred by eutectic and gold in
the 7.48% alloy and the areas coversd by the eutectic
and compound in ths 8o74% alloy, the sutectic between
gold and rare earths was estimated to contain 8%
rare earths. This agrees well with the Au-la
diagrams given by G. Canneri, Mot. itel, 23, 803-23
(2931).

17.7% rare earths: Figure IX. This alloy contained
large amounts of compound which showed & definite

grain structure.
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Figure VI

X500

"{icchnetal, 7.485 Rere Farths
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fure VII

7100

Au=Mischmatal, R,7.7 Rare Yarths
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) Figure VIII
X500 :
Au-Mischnetal, 3.744 Rare Earths
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Summary and Conclusions

The preliminary investigation for the preparation of & high-
density alloy, containing approximately 10% rare earth metals in a
very fine and uniformly dispersed stete, was divided into two
phasess

(1) Study of the preparation of the rare scarth motals;

(2) Study of the alloying properties of the rare earths

with matriz metals of high density.
I. Preparation of the Rare Sarth Metals

Attempts %o produce rare earth metals by thermo-chemical
reduction of the rare earth fluorides with Fa, Ca, and Kg were un-
successfuls. The metel produced wae in a finely divided state and
could not be sgparated from the other procducts. Addition of KClO4
83 a booster to supply additional heat for the wmelting of the pro-
ducts did not alter the resulis. Experiments designed to prepare
iead~rare earth and urenium-reare earth alloys by the simmltaneous
reduction of PbClzﬁXFs and UF4-XFy, respectively, produced such small
amounts of metallic rare earths thet they were abandoned.

The electrolysis of molten anhydrous rare earth chlorides is
believaed by the‘investigators to be tho method by which rare earth
metals should be prepared. Some metal was produced in iron and in
graphite electrolytic cells and experiments in ceramic vesssels were
nttempted. Experimental results were so erratic that the exact

conditions for production have not been determined.
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II, Rare EBarth Alloys

. Some alloys ¢f rare earths with uranium, lead, gold, tantalum, and
tungesten were studied. A commercially prepared mischmetal contain-
ing 2.64 Fe was used for the majority of the experiments. A small
emount of laboratory prepared derium-free, iron-free metal was used in

studying some of the gold elloys.

A. Uranium « Camnot be used as & matrix metel. The solubility
of the rare earths is well below one percont and apparently no
intermetallic compounds are formed. Segregation of the rare earth

metal indicates that solublility even in the molten state is small.

B. lead reacts vigorously with mischmetal to form an inter-
matallic compound Fbxs containing approximately 207 rare earths.
This compound is insoluble in lead end does not form a sutectic with
it. By rapid cooling e 6.75% alloy containing epproximately one-
third compound was prepared in which the dispersed compound had an
average particle size of about 0.1 mm. The alloy was malleabls,
stable in air and had a density in alr of 10.9. The investigators
believe that an alloy of similar properties could be prepared con-

taining 50% compound (107 rare earth).

C. Gold elso alloys with the rare earths to form & compound,
AuXz, of approximétely 207% rare earth content. The solubility of
the compound in the solid zold is negligible but a sutsctic contain-
ing some orystals of compound vas mlleable and stable in air. The

investigators believe that & 10% alloy with the same properties and
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2 density of about 17 could be prepared.

D. The high density of tungsteon end tsntalum maas it necessary

Lo comnsider them as mtrix elements but their highly rvefractive
nature made 1% impossible to prepare alloys in the mo:ten state.
Porous pieces of tantalum and of tungsten were preparci by pressing
200 mesh Ta and 200 mesh U powder into blocks. Theso porous pieces
were lmpregnated by immersior in molten mischmetal.  They then
hed metallic properties, were machingble and were stable in air.
The final densities were slightly less than the density of the mtrix
metal.

Since tantalum and tungsten may be produced commorcially in
very fine form by thermo-chemical reduction (tungsten ss small asg
0.5 microns) the investigators believe thet a study involving

particle size and forming pressurs would be profitable.
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