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left are Dr. T. A. Henrie, Dr. B. Porter, R. E. Lind-
strom, E. Morrice, M. M. Wong, D. J. Bauer, J. O.
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Winget, K. G. Broadhead and H. H. Heady. In the

.S, Bureau of Mines—
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back row from the left are D. H. Baker, J. D. Mar-
chant, J. E. Murphy, J. P. Bennetts, K. R. Stever
and A. B. Whitehead.

aP

5
- -
" g E

— "

- e

5 il - Vo

Reno Rare-Earth Metallurgy Group

As part of the U.5. Bureau of Mines metallurgy research program,
the Reno Metallurgy Research Center in Nevada, under the direction of
Dr. T. A. Henrie, is conducting research [ocused on chemical processing
and electrometallurgy of the rare-earth elements.

The Chemical Processing Group,
headed by R. E. Lindstrom, is cur-
rently engaged in ore processing
and solvent-extraction investiga-
tions related to the recovery and
separation of rare earths.

J. O. Winget's laboratory is re-
sponsible for development of proc-
esses for converting refractory
rare-earth minerals to recover rare-
earth mixtures. At present, this
section is also working on the re-
covery of europium from complex
rare-earth sulfate mixtures by re-
duction-leaching techniques.

D. ]. Bauer is investigating the
selective extraction and separation
of rare earths from mixtures with
nitrogen-based extraclants. Prom-

ising systems developed in bench-
scale studies are further evaluated
in multistage equipment,

Elecirowinning of rare-earth
metals and electrotransport studics
are basic programs carried out un-
der the general supervision of M. M.
Wong. E. Morrice and E. 5. Shedd,
with the assistance of [. D. Mar-
chant, |. E. Murphy, and |. P. Ben-
netts, are investigating the electro-
winning of high-purity rare-earth
metals from the oxides dissolved
in fluoride melts. Currently, gado-
linium meltal is won at 1400°C, and
pound quantities of neodymium are
being prepared for metallurgical
evaluation,

Complementary to the eleciro-

winning studies, reaction rates be-
tween rare-earth metals and elec-
tralytes are being measured by
D. H. Baker, Jr., and Bernard Porter.
Electrotransport lechniques are
being developed for preparing
ultrahigh-purity neodymium and
praseodymium metals by solid-slale
electrolysis. As a lurther effort, in-
vesligations are in progress on the
(Conlinued on Page 10)
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FPROLOGULE

The Sixth Rare Earth Research Conference was
held at Gatlinburg, Tenn., in the foothills of the
Great Smoky Mountlains. Owver 250 participants
allended the meeting, and of these about 25 were
from floreign countries. A total ol B0 papers, 11
ol them inviled, were presented.

We believe that most of the conflerces [ell it
was an excellent conlerence in keeping with the
standards set in the previous rare earth confer-
ences, We of RIC wish to thank Chairman Wally
Kochler, his commiltee and stafl for their efforts,
thoughtfulness, and kind hospitality which made
this one of the most suceessful conferences.

Thirleen sessions were held throughout the
three-day meeting on solid state physics, chem-
istry, metallurgy and industrial aspects of the rare
carths, Summaries of the papers are presented
glsewhere in this issue.

On Thursday the conferees had a choice of
spending a day visiling the Oak Ridge Nalional
Laboratory, laking an invigoraling mountain trail
hike or jusl loafing. Those who went on the hike
found it to be a little more invigorating than they
might have thought since the homeward bound
trek, made in a driving snow storm, was mostly
an uphill climb at about 6000 [1. above sea level,

On the first evening, a receplion sponsored by
the Nuclear Division of Union Carbide Corp., and

(Continued on Page 6)

SOLID STATE

Magnetic Properties

Two studies of the effect of pressure on the
magnelic properties of rare-earth metals and alloys
were presented. The first, an invited paper by
R. Pauthenet, DD. Bloch and F. Chaisse of the Elec-
trostatics and Physics of Metals Laboratory, Gre-
noble, France, was a discussion of the effect of
pressure on the magnetic ordering temperalures
and the saluration magnetization of polycrystalline
Gd, Th, Dy and Ho metals, and of rare earth-iron
garnets. In the second paper, also an invited one,
D. B. McWhan of Bell Telephone Laboratories re-
viewed recent measurements of the pressure de-
pendence of the Néel and Curie temperatures, and
crystal siructures. The malerials studied included
Eu, Gd, Th, Dy and Ho, Tb-Y alloys. and a series
of alloys with equal deCennes Tunclion values.

Another inviled paper on magnetic properties
reviewed investigations on the ellect of s-f ex-
change in dilute alloys of rare earths. It was pre-
sented by K. Yosida of the Institute {or Solid State
Physics, Universily of Tokvo. He noled that s-f
exchange inleraclions play a decisive role in de-
termining the magnetic and electrical properties
ol the alloys.

hMagnon dispersion relations in rare-earth
melals from inelastic neutron scatlering was the
lopic of the inviled paper by 1L B, Mpller of the
ALK Rescarch Establishment Risg, Denmark. ool

{Continued on aoe uj
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CRYSTAL CHEM

The crystal chemistry of the rare-earth elements
received a great deal of attention at this confer-
ence. |. 5. Anderson from Oxford University, Eng-
land, reviewed the non-stoichiometry and crystal-
line defects in rare-earth oxides, sulfides, selen-
ides, tellurides and nitrides in his invited paper.
He noted that the nitrides have a large concentra-
tion of defects, and that a random model to de-
scribe them is not plausible. In the chalcogenides
there is a strong tendency toward maintaining local
ordering. Because of these behaviors Anderson
felt that an understanding of these materials should
be helpful in furthering our knowledge of the de-
fect state, especially if the experimental data, both
structural and thermodynamic, can be correlated
with the theoretical-statistical thermodynamics of
solids.

The formation and structures of the AB: com-
pounds, where B = Se, Te or Sb, were discussed
by Wang and Steinfink. The crystal chemistry of
the gold-rich rare earth intermetallic phases was
described by Sadagopan, Giessen and Grant; and
the ternary compounds which have the CeCu: type
structure were reviewed by A, E. Dwight.

The chemical and electron-optical behavior of
rare-earth oxide microspheres were presented by
Hardy, Buxton and Willmarth. The structural fea-
tures and similarities of the A, B, and C forms of

(Continued on Page 6)
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INDUSTRIAL

The Conference Keynole Address was given
by Howard E. Kremers, American Polash and
Chemical Corp. It was the first lime in the history
of the rare-earth conferences in which an indus-
trial represenlative gave the keynole address. We
agree with the Conference Chairman and Com-
mittee that it was limely and appropriale.

The history of the rare-earth industry and the
parallel rise in their production with various com-
mercial developments was noted. A number of
false ideas concerning lhe rare earths were ex-
posed and classified. For example, many people
believe gas mantles are no longer made; the truth
of the matter is, as Kremers pointed out, “there
are more mantles in service today than at the
height of the old gas lighling era."

The rare earth indusiry has grown [rom a $2
million per year sales volume in 1946 to $15 mil-
lion per year in 1966. It is interesting to nole thal
while the dollar amounils have increased by a
factor of 7.5, the volume in pounds sold has in-
creased by only one-third over this same periml
[6 to 8 million pounds per year). The big increase
in the dollar volume is due lo the cost of produc-
ing high purity, separated rare earths for special
applications such as phosphors, microwave de-
vices and research. However, the lotal weighi
used in these devices is only about one million
pounds. (Conlinued on Page 5)
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Metallurgy

The lead-olf lalk in the Metal-
lurgy Session was an invited paper
by Karl Gschneidner, Jr., lowa State
Universily, on problems and prog-
ress in rare-earth metallurgy. The
primary problem in the field of
metallurgy is that of obtaining high
purity metals. This problem, which
has been with us since the first
rare-earlh metal was made in the
19th century, will be always pres-
ent because of the conlinuing de-
mand [or anolher significant figure
in the melal's purity. Today we
have the capability of preparing
about 99.9%% pure metals on an
atomic basis with respect to all
impurities, he commented.

The lack of purity in our pres-
ently available metals was also em-
phasized in several other papers,
both in the Solid Slate Physics and
Metallurgy Sessions. Gschneidner
also mentioned several other im-
portant problems in the field of
metallurgy: the lack of reliable
phase relationship studies; absence
of any fundamenlal research on the
mechanical behaviors; and a lack
of understanding of the crystal
structure sequence in the melals
and the intra-rare earth alloys.

Other papers were concerned
with the effect of a-particle radia-
lion on the electrical properties and
the « lo ¥ transformalion of cerium
(Elliotl, Miner and Clinard); the
metallographic study ol the allo-
trapic phase transformations in
cerium (Koch and McHargue); and
phase diagram sludies by several
aulhors,

Dy use ol beautiful color photo-
micrographs Koch and McHargue
were able lo study some of the
transformalion kinelics of the low
lemperature allotropes of cerium.
Their anodizing lechnique Tor pre-
paring the melal surface promises
lo be a uselul lool in investigaling
cerium and probably most of the
other rare-carth metals,

Alloy studies of the rare earth-
lead systems were presented by
Carlson, Schmidt and Diesburg
(Y-Pb) and by O. D. McMasters
[La-, Eu-, Dy-, and Yb-Pb systems).
Investigations of lanthanide-iron
group metal systems were dis-
cussed by O'Keefe, Roe and James
[Ho-1'e) and Gebhart, Etter and
Tucker [Ce-Fe and Ce-Ni). The last
paper in this session dealt with the
phase equilibria and thermody-
namic studies of the Sm-Gd system
(Yamamoto and Lundin).

" OPTICAL

PROPERTIES

first Solid State Session
opened with an invited paper by
Hellwege, Hiifner, and Weber of
the Institute for Technical Physics,
Darmstadt. Hellwepe presented a
survey of the optical and magneltic
invesligations carried on in the
Darmstadt laboratory: oplical
studies of erbium-, holmium- and
dysprosium-iron perovskites, and
dysprosium-aluminum  perovskite;
hyperfine structure sludies of hol-
mium elhlysulfate and holmium
chloride; and magnetic suscepli-
bility investigations ol holmium
clhylsullale and several other com-
pounds.

Results of an oplical study of
thin films of viterbivm were given
by Okorie and Singh.

The inviled paper in the Chem-
islry Session on optical behaviors,
presenled by P. N. Yocom: of the
RCA Laboralories, reviewed the
slate-of-the-arl ol laser behaviors
of the lanthanide elements. Yocom
discussed the inler-relationships
between the important quantilies
needed for laser action. These
quantilies are the lransition [re-
quency, linewidth, dipole moment
malrix element for the transilion,
and cavity properties. The di and
trivalent rare-earth ions, in which
laser aclion was observed were
noled. In addition the transilion
which gives laser emissions, and
(Conlinued on Page 8)

The

Follow-up on
CMN Thermometer

We would like to bring to your
attention two additional papers
on cerium-magnesium-nitrate ther-
momelry [RIC NEWS, Mar. 1967].

In the first of these, R. B. Frankel,
D. A. Shirley and N. |. Stone [Phys.
Rev. 140, A1020 [1965] and 143, 334
[1966]), redetermined the tempera-
ture scale below 0.006° K. using a
nuclear orientation method. They
found that the accepted tempera-
ture scale, based on magnetic sus-
ceptibility data is incorrect below
0.006° K.

The second paper is by R. P,
Hudson and R. 5. Kaeser whao re-
ported the use of isentropic demag-
netizations in delermining a tem-
perature scale for the 0.002-5.0° K
range (Phys. 3, 95 [1967]). These
authors have made a detailed anal-
ysis and have discussed some of
the inherent difficullies of CMN
thermometry based on the magneltic
behavior of this cerium salt at low
temperatures. Hudson and Kaeser
conclude that CMN is one of the
most useful low tlemperature ther-
mometers belween 0.002 and 2.0° K.
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LEMHI PASS R.E.
FIND UNDER DEVELOPMENT

The Lemhi Pass deposit of thor-
ium and rare earths [RIC NEWS
Vol. 1, No. 1) is reported by Chem,
& Eng. News, Feb. 20, 1967 to be
on the brink of intensive develop-
ment. Sawyer Petroleum Co., Oat-
man, Arizona, and The Dow Chem-
ical Co., Midland, Michigan, are
working on the development of the
deposits. Sawyer has acquired
claims totaling 1280 acres and is
collaboraling with the Union Pa-
cific Railroad in their development.
Dow has leased 26 claims from
MNuclear Fuels and Rare Metals, Inc.

An improved solvent extraction
process for isolating thorium from
the Lemhi Pass deposit has been
developed by Dr. Ralph Barrowman
of the U.S. Bureau of Mines in Salt
Lake City. Although the process
has not so far been put into com-
merciol operation, it promises to be
cheaper than the present method.

ZIRCOMIA CLOTH

Union Carbide Corp., New York
has announced the availability of
yttria-stabilized zirconia cloth. The
25 x 25 cm (10 x 10 in.) cloth is
available in two fiber sizes, 0.25
and 0.75 mm (10 and 30 mil) di-
ameler.

The zirconia cloth may be used
as: ablative materials for space

ships during re-entry ahd for rocket
engine insulators; catalyst supports;
filter media; high temperature in-
sulators; and gas diffusers.

Yttria is added to stabilize the
high-temperature cubic form of zir-
conia, helping to the control the
fiber diameter and assuring a con-
tinuous filament fiber, The thermal
and chemical stabilities are also
enhanced by the ytiria additions.

CAMNADIAN APATITE

Multi-Minerals, Ltd., says that
about 55 lbs. of rare earths occur
in each ton of apatite rock concen-
trate obtained from its phosphate
rock deposits at Nemegos, Ontario,
Canada. Multi-Minerals is using

chromatographic separations in its
phosphoric acid production with an
eye toward extracting the rare
earths as by-products. There are an
estimated 40 to 80 million tons of
apatite in the firm's Nemegos de-
posits.

NEQDYMIUM LIGHT

Dr. O. Braaten of the Royal Nor-
wegian Council for Scientific and
Industrial Research has informed
us about a light bulb made of glass
containing 10°% Nd. This light bulb
has been developed by Dr. O.
Erametsd of the Institute of Tech-
nology, Helsinki, Finland.

The “AIRAM" lamp produces
light with very pronounced maxima
in the range where the human eye
is most sensitive, centered about

(Continued on Page 9)

INDUSTRIAL

(Continued from Page 3]

An Industrial Processes session
was held with eight papers being
presented. One paper deall with di-
rect chlorination of rarc-earth ores
al high temperature 1o yield a rea-
sonably pure mixture of rare-carth
chlorides only (Brugger and Grein-
acher). Four papers dealt with the
separation and recovery of the in-
dividual rave earths from mixtures:
liquid-liquid extraction (Elias, Seb-
enik and Smutz); ion exchange
(Morton and James) and [Silvernail
and Woyski); and recovery of cer-
ium and lanthanum by ozonation
of liquid solutions [Bauer and Lind-
strom),

Three papers woere concerned
with metal preparation. ]. L. Mor-
iarty discussed metallothermic re-
ductions on an industrial scale;
Morrice, SBhedd and Henrie talked
about an electrolytic method of
preparing the metals on a research
scale; and 1. 8. llirschhorn de-
scribed several industrial electro-
Iytic techniques [or obtaining rare-
earth metals.

Europium
In Humans

The uptake, retention and excre-
tion of inhaled europium oxide was
studied by P. L. Ziemer, R. E.
George, W. V. Kessler and ]. L.
Christian following accidental inha-
lation of irradiated europium oxide
by two healthy adult males.

It was found that with initial
body burdens of 87.7 and 53.6 mi-
crocuries in the two individuals, 84
and 92%, respectively, was elim-
inated in the feces in the first 48
hours after exposure. Small
amounts of activity were also ob-
served in the urine.

The material remaining in their
bodies concentrated primarily in
the lower half of the lungs and was
only slowly eliminated. Biological
half-times were 390 and 380 days

(Contlinued on Page 10)
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(Continued from Page 2)
the conference dinner were held.
Dr. Adrian H. Daane, Kansas State
University, was the master of cere-
monies,

The after-dinner speaker was Dr.
Alvin M. Weinberg, Director of the
Oak Ridge National Laboratory. He
spoke on “New Vistas in Trans-
uranium Research,” which is pri-
marily concerned with the produc-
tion of the transuranic rare-earth
elements. He noted that there are
two methods which can be used to
prepare these elements.

One, the leap-frog method, in-
volves the bombardment of heavy
elements with medium atomic
weight nuclei (Ni, etc.) to produce
nuclei which have atomic numbers
of about 114 and 126. These are
.thought to have more stable nuclei
than the elements of atomic num-
ber between 96 and 112. The en-
tire transuranic series could be
made, since radio-active decay
would yield lower atomic number
daughter products.

The second method involves high
neutron fluxes of 10 - 10" neu-
trons/cm?/sec. Thus by succes-
sive neutron capture, starting with
Pu-242, it would be possible to
produce annually gram quantities
of californium (atomic number 98),
100 grams of curium (96) and mil-
ligram amounts of berkelium (97)
and einsteinium (99). The prob-
lems such as heat, reactor design,
fuel loadings and cost which are
associated with this technique were
also described.

Several announcements were
made concerning future Rare-Earth
Conferences. The Seventh Confer-
ence will be organized by Dr. |. F.
Naochman, Solar Division of Inter-
national Harvester, and is tenta-
tively scheduled for November
1968 in Southern California. A
conference in France is being or-
ganized by Dr. F. Trombe, National
Center for Scientific Research,
France, and is tentatively scheduled
for April 1969. Further announce-
ments concerning these meetings

will be made in RIC News as they
become available.

Dr. W. C. Koehler told us that
copies of the conference proceed-
ings may be purchased from him.
The 740-page proceedings consists
of preprints of the conference
papers.

CRYSTAL CHEM

[(Continued from Page 3)
the rare-earth oxides and some
related compounds were described
by P. E. Caro. Studies of mixed
oxides systems were the topics of
three other papers: the nature of
the structures and equilibria in Eu-
Ti-O system [McCarthy, White and
Roy]; the vapor pressure over Ce-
Th-O phases (Kordis and Eyring);
and the phase equilibria, point de-
fects and kinetics in the CaO-R,0;
and ThO:-R;0; systems, where R
= La, Gd or Yb (Roy, Diness,
Barry).

Other subjects discussed were
concerned with point defects in
rare-earth dihydrides [Libowitz and
Lightstone); the structure of lan-
thanum dihydroxy chloride (F. Car-
ter); the crystal structure of YhiS.
and MnY:S, (Chevalier, Laruelle
and Flahaut); and the high temper-
ature neutron diffraction study of
the polymorphic structures of LaCs
and YC: [Bowman, Krikorian, Ar-
nold, Wallace, and Nereson).

CHEMISTRY — COMPLEXES

In an invited paper T. Moeller
of the University of Illinois re-
viewed the current problems and
progress in the studies of the co-
ordination chemistry of rare-earth
fons. He noted the present em-
phasis is5 on the structure of and
the bonding within complex spe-
cies, the thermodynamic stabilities
of the complex, the properties
which are associated with the 4f
electrons, and applications that de-
pend upon the particular properties
of a complex.

Moeller pointed out that irreg-
ularities which occur in the ther-
modynamic properties of the com-
plexes as the lanthanide ion is
varied are not well understood and

probably result from various con-
tributions.

CHEMISTRY — SEPARATIONS

Advances in the chemical sepa-
ration of the individual rare earths
were given by several authors.
Peppard and Mason discussed li-
quid extraction techniques and
some of the problems associated
with this separation method.

Papers by Powell and Burk-
holder, and by E. ]. Wheelwright
described ion exchange techniques
for separalion of Sm-Eu and Eu-Gd
mixtures, and for purifying pro-
methium, respectively.

The effects of geometry and me-
chanical agitation on the amalgam
method for extracting europium
from aqueous lithium citrate solu-
tions were discussed by Goddard,
Campbell and Onstott,

Several other papers describing
separation techniques were pre-
sented in the “Industrial Processes™
session, page 5.

CHEMISTRY — GEMNERAL

Three papers were concerned
with the preparation of wvarious
inorganic compounds. E. L. Head
described the preparation of some
rare-earth sesquicarbonates, The
preparation, characterization and
thermodynamic, properties of some
R2C20; compounds, where R = La
or Nd, were presented by Butherus
and Eick. .

G. Brauer described a unique
method for preparing rare-earth ox-
ides at low temperatures (—400°C)
by precipitation from fused salt
mixtures, His data suggest that the
B-form of 5m20;, Eu:0; and Gd20,
is the stable form of the oxides at
this temperature, rather than the
C-form which heretofore was
thought to be the stable modifica-
tion.

The use of seveial methods to
prepare divalent lanthanide ions as
dopants in KCl was discussed by
C. G. Kirkpatrick, but the attain-
ment of the divalent state in the
KCl hosts was realized only for
samarium,
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Lanthanothermic Reductions

The use of lanthanum as a reductant to prepare pure metals from
their oxides is discussed in two recent papers. Europium, samarium, thu-
lium and ytterbium have been prepared for the last fifteen years by the
lanthanum reduction of the respective oxide. But it is only recently
that lanthanum ([and also yttrium in the case of beryllium) has been
employed to prepare other metals, specifically beryllium and americium.

The former is discussed in a
paper by T. T. Campbell, R. E.
Mussler and F. E. Block, Trans.
Met. Soc. 236, 1456 (1966) and the
latter in a U.S5. Atomic Energy
Commission Report, UCRL-14513,
by W. Z. Wade and T. Wolf of the
Lawrence Radiation Laboratory in
Livermore, California.

The preparation of these metals
is made possible in both instances
by the utilization of the high heat
of formation of lanthanum oxide,
the extremely low wvapor pressure
of both lanthanum and lanthanum
oxide and the relatively high vapor
pressure of beryllium and amer-
feium.

The reduction process is achieved
by mixing lanthanum metal with
beryllia or americia and heating
the mixture in a high vacuum. An
equilibrium, La+ MO, =M+ La.0,,
is set up, but since M is volatile it
is removed from the reaction vessel
and the reaction is driven to the
right by virtue of Le Chatelier's
principle. The volatile metal is
collected on a condenser located
in a cool portion of the furnace.
Yields of about 90"/ in both in-
stances and purities as high as
99.6"'s Be and 99.99"/s Am were
achieved.

* k ok ok %

PROMETHIUM, atomic number
61, was discovered in 1947 by |]. A.
Marinsky, L. E. Glendenin, and C.
D. Coryell in the fission products
of uranium, The name, from Greek
mythology, was derived from
Prometheus, who stole fire from
heaven and gave it to man,

SAMARIUM, atomic number 62,
was discovered by Lecoq de Bois-
baudran in 1879 and was named
after a Russian mine official, Colo-
nel M., Samarski.

Chinese Journal

An English translation of Acta
Physica Sinica is now available on
a regular basis from the American
Institute of Physics under the title
Chinese Journal of Physics (Peking).
The first issue contains four arti-
cles which may be of interest.

The papers deal with the wave
functions of the [* to f7 configura-
tions, the magnetic transformations
and structures of the lanthanide
metals, the ferrimagnetic resonance
of yttrium-ytterbium iron garnet,
and the magnetization and ferri-
magnetic resonance of yttrium-
gadolinium iron garnet,

The wave function paper, al-
though it contains information on
the f* to f7 configurations, lists the
complete wave functions of only
the f* state. Lesser amounts of in-
formation are given for the other
states.

The paper concerning the mag-
netic structures and transforma-
tions discusses the stability condi-
tions for the wvarious magnetic
structures of the lanthanides on the
basis of the Landau theory of sec-
ond order transformations. How
well this approach to the problem
works is difficult to determine,
since the author makes no refer-
ences or comparison to earlier work
on Lthe same subject by scientists
such as Cooper, Elliolt, Kaplan,
Miwa, Nagamiya and Yosida.

It should be noted that the April
issue of Physics Today, p. 69, men-
tioned that the red-guard cultural
revolution in China has caused the
suspension of publication of the
original Chinese journal.

Lutetium was independently dis-
covered by G. Urban in 1907 and
C. F. Auer von Welshach in 1908.

Space Mining?

The solar abundances of some of
the lanthanides have been esti-
mated by A. Righini and M. Rigulli,
Ann. d'Astrophys. 29, 379-387
[1966). Their results are based on
analysis of the spectra of singly-
ionized lanthanide ions which have
been identified in slellar almos-
pheres. The abundances relative to
that of hydrogen being 10'® are
listed below. Also given in the
fable are the abundances of the
same elemenls in the earth's lith-
osphere,

Abundance in
Solar Lithosphern
R.E. Abundance® [wla) x 104
Ce G0 45.5
Pr 28 G.25
Nd a5 24.5
Sm 42 6.75
Eu 9 1.15
Cid 13 8.2
Dy 10 6.0

a Relative 1o the abundance of hydrogen
being 1012,

The solar abundance eslimated
by Righini and Rigulli are in rea-
sonable agreemenl wilh previous
dala based on analysis of chon-
dritic meteoriles. As lhe authors
point out, their results, with one
exceplion, seem to be systematic-
ally larger than those oblained [rom
meteorilic analysis.

It is inleresling lo note when
comparing lhe lanthanide solar
abundances with those in the earth,
that the relative amounts ol the
elements may be significantly dif-
ferent. For example, neodymium is
approximately 40%» more abundant
than cerium in the stellar almos-
pheres, but cerium is about 85"
more prevalent than neodymium in
the earth's lithosphere. One nole
of caulion should be made before
such an analysis is extended very
[ar: The error in eslimating solar
abundances is quile large,
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AMES LABORATORY—

Pure Metals Prep

The rescarch = Bas =

aclivities of Met-
allurgy Group V
are directed 1o-
ward the prepar-
alion of metals of
nuclear interest,
and determina-
lion of the phase
equilibria and me-
chanical proper-
lies of alloys in-
volving one or
more of these
metals. Present
emphasis is on
vanadium, thor-
ium, chromium
and yttrium, with
approximately a
third of the total
cffort being devoted to the latter
element. _

Over the past few years proc-
esses have been developed for pre-
paring high purity yttrium, thorium
and vanadium in quantity and work
is continuing on further improving
these processes. The preparation
of small amounts of the three met-
als in ultra-high purity, using an
electrotransport technique, is cur-
rently being studied. This method
has been successfully used to pro-
duce thorium of 99.999+ purity
and is now being applied to other

metals.

The migration velocities and
diffusion coefficients of carbon,
oxygen and nitrogen have been
determined in thorium, yttrium and
vanadium as a function of temper-
ature and similar work is now un-
derway on chromium and lutetium.

Alloy systems under investiga-
lion include the recently completed
yttrium-lead system and the ana-
logous ytirium-tin system now in
progress. A study of the yttrium-
carbon system is also nearing com-
pletion. The proposed phase dia-
gram consists of three intermediate
phases, one at the composition Y,C,
one at Y.Cs and the stable, high

METALLURGY GROUP — Standing
Wayne Paulson, Grad. Asst., Roger Stevens, Assoc.;
Phil Vormelker and Ralph Pratt, both Grad. Assts.;

and Rick Schmidt, Assoc. Metallurgist.
Dr. O. N. Carlson, Group Leader.

aration Group

: E el b z 3 Ir"_' ‘-
B — -l Lo
I

from left are

Seated is

melting compound YCs.

The effect of impurities or alloy-
ing additions on the mechanical
properties of these metals consti-
tutes the third area of interest lo
this group. While studies of this
nalure have been carried out in the
past on yttrium and its alloys, pres-
ent studies are limited to vanadium
and chromium.

OPTICAL PROPERTIES

(Continued from Page 4)
the host materials (crystalline
solids, glasses and liquids) were
listed.

This broad and excellent review
paper set the stage for the follow-
ing papers. They dealt with: triva-
lent europium fluorescence [H. [.
Borchardt); energy transfer in a
doubly-doped (Ho*? and Yb*? ions)
crystal (Esterowitz, Bahler and
Noonan); oplical properties of tet-
ravalent dysprosium (Varga and
Asprey); cathodoluminescence of
lanthanide activated Y.0: (Wicker-
sheim, Buchanan, Weaver, Sohon,
and E. E. Anderson); and the prep-
aration and properties of europium-
doped YVO, and ABVO, type com-
pounds, where A and B are two
differen! cations (Loriers and
Heindl).

Crystal
Structures

Rare-earth scientisls working on
horides, carbides, oxides, hydrides,
nitrides, metals and intermelallic
compounds may be interested in a
recenlly published handbook. The
second volume of A Handbook of
Lattice Spacings and Structures of
Metals and Alloys by W. B. Pear-
son, Pergamon Press, [1967), col-
lates all of the structural data
which has been published between
1955 and 1965,

Although the cost of the book
may seem prohibitively high,
$75.00, it figures out to about 5
cents a page (1450 pages]. Since
this monumental work so com-
pactly brings together the crystal-
lographic data by alphabetical list-
ing and also by structure type, this
volume is a valuable aid to those
engaged in ceramic, metallurgical
and solid state research.

Thermionic
Properties

An extensive listing of the work
functions and Richardson constants
has been compiled by V. 5. Fo-
menko. This tome, Handbook of
Thermionic Properlies, was trans-
lated from Russian and is available
from Plenum Press in New York.
The thermionic properties of the
rare-earth metals, borides., germa-
nides, oxides, silicides, sulfides,
and tungsten-coated alloys are in-
cluded.

In general the author has listed
all the values he found for a par-
ticular material, and has made no
attempt to critically evaluate these
data. For most of the metals, how-
ever, he lists a value he believes
to be the best, but he does not state
his reasons for doing so. One or
more references is given for each
value, so the reader can easily refer
to the original literature, A total
of 473 references are included in
this handbook.
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MAGHETIC PROPERTIES
' (Continued from Page 2)
J. C. G. Houmann and A. R. Mack-
intosh, both of the Technical Uni-
versity, Copenhagen. Results of
studies on terbium melal and a Tb-
10"/a Ho alloy over a wide tempera-
ture range were presented.
Another investigation on the ncu-
tron scatlering from paramagnetic
terbium at G60°K (390°C) resulted in
a report on the energy distributions
of neutrons scattered from a single
crystal (Cable, Collins and Woods).
Several investigators reported on
the magnetic characteristics of the
rare earths. Problems studied were
the magnetic properties of dyspros-
ium [R. G. Jordan); the magnetic
and crystallographic characteristics
of PrH,, where x varies from 0.99
to 2.57 (Mader and Wallace); and
the magnetic behavior of rare-earth
compounds with a singlet crystal-
field ground state (B. R. Cooper).
Other studies reported were: the
magnetic and electrical properties
of some Yb-Sb intermetallic com-
pounds (Bodnar, Steinfink, and
Narasimhan); the magnetic proper-
ties and structures of RCo. inter-
melallic compounds (Lemaire,
Pauthenet, Schweizer, and Silvera);
the magnetic structure of a terbium-
iron garnet at 4.2°K (Tcheou, Del-
palme, and Bertaut); the magnetic
behavior of the ATbO; compounds
where A = Cr, Fe, Al, Co, Ga or
Mn (Sivardiere, Mareschal, Quezel-
Ambrunaz, de Vries and Bertaut);
the frequency dependence of mag-
netic losses in holmium in the
neighborhood of the Curie temper-
alure [Gerstein and Olander]; the
permanenl magnelic properties of
YCo; powders (Strnat, Olson and
Hoffer); and the existence of an
antiferromagnetic phase in R:Fe;::
compounds (Weik, Susedik and
Turner).

ELECTRICAL PROPERTIES
Three papers were presented in
this area. The lopics were: the
electrical conduction and dielectric
breakdown in evaporated films
(300-6000 A) of La, Ce, Pr. and Nd
oxides (Fromhold. Fosler, Harbuck

and Mosley); the eleclrical resisliv-
ity and Seebeck coefficients along
three crystallographic direclions in
thulium single crystals (Legvold
and Edwards); and the electronic
properties and band structures of
rare earlh-rich carbides (R. Lalle-
menl].

A related paper presented by K.
Yosida is described on page 2 under
“Magnetic Properties™.

RESOMNAMCE PHENOMENA

Four papers in the area of res-
onance spectroscopy were given.
These deall with the microwave
absorplion in dysprosium single
crysials (Blackstead and Donoho);
the temperature variation of gado-
linium electron spin resonance
spectra in cubic and axial crystals
(Abraham, Boatner, Lee and
Weeks); the electron paramagnelic
resonance angular spectra of gado-
linilum in RsM; [NO:)i2 * 24H.0
single crystals, where R = La or
Bi and M = Zn or Mg [Buckmaster,
Dering, and Fry); and the nuclear
magnelic resonance measurements
in rare earth-group VA compounds
of the NaCl-type (E.D. Jones).

An additional report on res-
onance phenomona was given by
Dunlap, Dwight, Kalvius and Kim-
ball, who investigated the tempera-
ture dependence of the Massbauer
hyperfine field in.Ho-, Er-, Tm-, and
Yb- gold compounds.

HEAT CAPACITY

Graphical analysis of low-lem-
peralure heat capacity data for
some rare-carth melals was inves-
tigated by Morrison and Newsham,
who stressed the advanlages of
this methed as opposed to a stand-
ardized [compuler] analysis. A
lively discussion about the method
followed Newsham's presentalion.

Other research reported in this
field was the heat capacity of sean-
dium (Flolow and Osborne) and of
Pr¥i: and Preidi [Dixon, Aoyagi,
Craig and Wallace). Flotow and
Osborne noted that for scandium
there were departures from the

usual low lemperature heal capa-
city behavior. The suggested cause
was Impurilies in the melal.

Dixon and co-workers analyzed
their low lemperature heat capacily
results to determine the crystal field
coniribulions.

GEMNERAL

A review of the current know-
ledge of some of the electric, mag-
netic and optical properties of the
rare-earth melals was given in an
invited paper by A. ]. Freeman of
the Mational Magnet Laboratory.
The basis of the present under-
standing of these properties is the
detailed ab initio energy band cal-
culations of the metals' struclures
and Fermi surfaces.

Such calculations have shown
that the Iree electron model is com-
pletely inappropriate for the rare-
earths and consequently casl doubt
upon the interpretalion of any
physical property based on that
model.

Other topics covered in the solid
stale sessions were: the positron
annihilation in rare-earth single
crystals [Williams and Mackin-
tosh); the luminescence of Bi and
Eu in rave-earth compounds [R. K.
Datta); the M series x-ray emission
lines of the rare earths (A. F. Burr);
the magnelostriction in dilute rare
earth-iron garnets, specifically in
gadolinium-iron garnet and dys-
prosium-yltrium-iron garnel (Clark,
Rhyne, and Callen); the elaslic
moduli of gadolinium metal (Fisher
and Dever); and the hyperfine fields
in Sm, Eu, Gd, Th, Dy, Ho, Er and
Tm metals and in some of their
compounds examined by a nuclear
polarization technique (G. Brun-
hart).

RARE EARTHS IN THE NEWS

[Continued from Page 5)
5800 A. It is reported Lo lend dec-
orative illumination to [lowers,
meal and prelty gicls. The Finnish
EXPO-67 display is complelely il-
luminated with this type of Nd-
lamp, '



Page 10

RIC News

June 1, 1967

B A e

3
&
o
&
&

Pm-147 EVALUATED

Battelle Northwest Laboratory
has issued a paper, U.S. Atomic
Energy Commission Report BNWL-
310, "An Evaluation of the Pros-
pecls for Large-Scale Production of
Promethium-147." The report re-
views the potential regquirements
and the estimated availability of
Pm-147 as a recovered fission-
product from spent nuclear fuels.
The economic feasibility of produc-
ing additional Pm-147 by irradia-
tion of Nd-146 is also evaluated.

The report may he obtained from
National Bureau of Standards,
CFSTI, U.5. Department of Com-
merce, Springfield, Va. 22151. The
price of the document is $3.00.

PATENTS RESEARCH

The publication, Quarterly Liter-
alure and Patent Reporls on the
Rare Earth Metals, is available from
Patenls Research and Documenta-
tion, London, England. The reports
list references to international lit-
eralure, books, government publi-
cations and reporls, and palents.
The current subscription price is
$200 a year.

The quarterly reports were begun
in 1952 with report SL-1. Photo-
stats of Nos. SL-1 to SL-14 [1956)

RENO GROUP
[Continued from Page 1)
application of field freezing for
purifying cerium and yttrium alloys.
Development of analytical ‘meth-
ods is under the direction of H. H.
. Heady, the assistance of K. G.
Broadhead, K. R. Stever, and A. B.
Whitehead. Radiolracer techniques
are being used to monitor the elec-
trolransporl of certain impurities in
rare-earth metals. The activalion
analysis ol microconstituents and
macroconslituents in rare-earth
metals and electrolytes is being in-
vestigaled, and atomic absorplion
is being used to delermine non-
rare-¢arth impurilies in the elec-

trowon melals, .

Reports, Brochures, Booklets :

-
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are available for $20 each. Issues
after 5L-14 (Jan. 1956) are available
at $45 each.

Subscriptions may be placed with
Patents Research and Documenta-
tion, 12 Fulwood Place, High Hal-
born, London, W.C.1.,, ENGLAND.

R.E. COMPOUMDS CHART

RIC has just published two color
charts showing the crystal struc-
tures of compounds of a rare-earth
metal with one and with two non-
rare earth elements,

The charts are presenled as a
modified periodic table. The rep-
resentalion helps visualize the re-
lationship between the crystal
structure type and the position -of
the non-rare earth elements in the
periodic lable.

The charts were compiled [rom
published data available through
Jonuary 31 of this year. They are
available without charge from RIC.

NOTICE

IS-RIC-1, Compilation of Rare
Earth Products Awvailable from
Commercial Suppliers, was mailed
during the weck of May 15- You
should receive your copy in the
next 30 days.

Yb Radiography

The uses and safety aspects of
an Yb-169 source in a small expo-
sure unit is reporled by F. L. Green
in the Amer. Ind. Hygiene Ass. |,
444-448 (Sept. - Oct. 1966). The
unit, weighing aboul 20 pounds, is
useful in the radiography of cast-
ings, welds, and assemblies. Ma-
terials such as aluminum, magnes-
fum, iron. wood and plastics are
amenable to this technique.

Personnel proteclion is less dif-
ficull by the use of the low-energy
source, which emits a 52-kev char-
acteristic x-ray and various gamma
rays with energies from 65 to 310
kev. Radiation scattered from air,
the object and surrounding ma-
lerials is less with Yb-169 than with
conventional x-ray sources, ur with
other radio-sources such as Ir-192
or Co-60. An additional advanlage
over the conventlional x-ray source
is that electrical shock and explo-
sion hazards are eliminated.

EUROPIUM IN HUMANS
[Continued from Page 5)
respectively, based on whole body
counting data obtained twice week-
ly over several months.
The study was reported in Health
Physics 12, 16814 [1966).

Rare-Earth Information Center
Ames Laboralory, USAEC
Iowa State University

Ames, Iowa 50010

Second-Class poslage
pgid at Ames, lowa.



