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University of Munich —

RADIOCHEMISTRY GROUP

An important line of research in the sludy ol rare-earth elements is

the comparative chemistry of lanlhanides and aetinides.

This is the

major subject studied by the Radiochemistry Group at the Inslitule of
Inorganic Chemistry, University of Munich, West Germany. This Group

is headed by Dr. Fritz Weigel, Instructor of Chemistry al the University.

RADIOCHEMISTRY GROUP — In the front row from left are Dr. Volker Scherer,
Anton Trinkl, Victor Wishnevsky, Petra Schilz, Dr. Fritz Weigel, Glnter Hoffman

and Gabriele Trinkl.

In the back row from left are Alfred Riblmann, Bernd

Reichwein, Micolous ter Meer, Josef Hoffman, and Wolfgang Ollendarff.

In the comparative chemistry of
lanthanide and actinide elements,
physicochemical measurements,
such as crystal structure determina-
li[][]ﬁ. ar lhf_,"l."]'.l'.l{]f]}’l'l.i]l'l'lif: measLre=
ments play an important role for
obtaining useful basic data.

Recently, a major study of pro-
methium compounds was under-
taken which resulted in the prepar-
ation of more than 30 compounds
of this element. Most of these com-
pounds were prepared for the first
time. This also applies to pro-
methium metal which was pre-
pared for the first time in 1963,
Studies of its properties were tem-
porarily suspended because of ma-
jor construction work in the radio-
chemistry laboratory. Work will be

resumed when the laboratory is
back in operation.

The crystal chemisiry ol prome-
thium compounds was studied in
some detail; the basic x-ray crys-
tallographic dala of aboul 25 com-
pounds were obtained. These latter
studies gave a clear picture of iso-
morphic series of compounds in
which promethium is at the border-
line between lwo series showing
different structures. The major dif-
ficulty in promethium work is the
high radio-activity of "Pm, which
is approximately 1 Curie/mg and
requires extensive precautions.

Thermadynamic data on rare-
earth chlorides and oxychlorides
have heen ohtained by measure-

(Continued on Page 3]

AEFEFRSNSNESRNSENREERERARBARERERRE

Rare Earths
In the News
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~ EXPAMDS CRYSTAL PRODUCTIOMN

Union Carbide is expanding ils
research and development, and pro-
duction facilities Tor yvllrium-alum-
inum-garnet crystals used in losers
and masers. The new Tacililies are
being buill as part of Carbide’s new
technical center al San Diceo, Culif.
The expansion was triggered by the
fast pace of Liser sales which are
now 870 (o $150 million anoually
in the United Slales.

BOOSTS ¥Y.O, CAPACITY

American  Potash &  Chenidcal
Corp. haes bogun exponsion of its
Waest Chicage, 1. plant for the
production of ylirium oxide. When
romploted, the expansion will allow
American Potash to hoost ytteium
oxide production to o total of
150,000 pounds annually,

MERGER?

Waoard has been received that
American Potash and Chemical
Corp., one of the nalion's larges!
producers of rare earths, has
reached an agreement in principle
wilh the Kerr-McGee Corp. for a
merger of the two firms.

(Continued on Page 4)
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Staff Changes

Charla Bertrand has joined the
stalf of RIC replacing Mrs. Joan
Smith who resigned to pursue full
time graduate study at Iowa Stale
University. Mrs. Bertrand is a 1967
graduate of Iowa Stale,
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Effect on Zirconia

There is much current interest in
zirconia-rare carth oxide syslems.
In a paper by Fiex and Rouanet,
Compl. rend. 264G, 947 [1967), the
authors report the elfect of the
heavy lanthanide and yllrium ox-
itles on the melling point and the
cubic lo telragonal transformalion
of ZrQ..

Addition ol rare-earth  oxides
raise the 2710°C melling poinl of
zirconia by as much as 100°C. The
increase ol the melling poinl is in-
versely proportional lo the ionic
size of the rare-ecarth element. OF
the rare-earths studied Yb.O. has
the greatest effect and Gd:0. the
smallesl. The composition of the
maximum in the liquidus curve is
also inversely proportional lo the
ionic size. For Yh:0. the maximum
is found at 25 mol "/« and for Gd.O.,
between 0 and 15 mol “e.

The cubic to letragonal transfor-
mation in zirconia is lowered by
G0° to 100°C by 1 mol " and
220° to 250°C by 2 mol % addi-
tions. The size of the lanthanide
ion has a slight second order effect
un the lowering. The optimum low-
ering of the transformation occurs
in the middle of the lanthanide
series.

Rare Earth
Detects Fluoride

Electrodes have been devised to
analyze univalent and divalent cat-
ions and anions, as reported in
Chem. and Engr. News, 45, 146,
[June 12, 1967) by G. A. Rechnitz.

A new Orion solid state fluoride
electrode has an active membrane
of crystalline lanthanum fueride
doped with europium (II), which is
in contact with both internal and
external solutions. The fluoride ion
within the crystal transports the
electrical charge and displays a
unique selectivity for the ion with
some interference from OH™ ion.
The europium lowers electrical re-
sistance to (5-10) x 10* ohms to fa-
cilitate ionic charge transport.

[Continued on Page 3)

AMES LABORATORY —

Ceramic Engineering Group

The research
activities ol Cer-
amic Engineering
Group | are cen-
tered on the re-
fractory ceramic
oxides of proven
and potential val-
ue to the nuclear
program of the
Alomic Energy
Commission. The
research effort is
divided into two
major parts. The
first is concerned
with processing
of ceramic oxides
and the relations
of processing to
properties; the second is concerned
with the measurement of thermal,

mechanical, and the electrical prop-

erties at useful elevated tempera-
tures.

Sintering studies on Y:0; have
involved powder characterization
and analysis of sintering kinetics.
A new technique to observe the
progress of sintering at low shrink-
ages has been developed utilizing
resonance measurements.

Viscous sintering has been studied
in low melting arsenic-selenium-
sulfur glasses with good structural
correlation.

As another part of the study of
processing, diffusion rates have
been measured in Y:0, and several
of the refractory rare-earth oxides.
This work has been performed an
both single crystals and polycrys-
talline specimens, employing
tracers and a weight gain method.
The latter method depends on the
availability of sub-stoichiometric
oxides which can be readily de-
veloped in this group of refractory
compounds. Good agreement be-
tween the isotope tracer measure-
ments and the weight gain method
has been obtained.

Property determinations have in-
cluded measurements of -elastic

\
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CERAMIC GROUP — In the front row from left are Wayne
Calderwood, Assoc.; Cecil Finch, Prin Tech.; Peter Held
and Jan Schieltz, both Grad. Assts,; and Dr. David Wilder,
Group Leadgr. In the back row from left are C. D. Wirkus,
Assoc.; Denzil Stacy and Keith Johnstone, both Grad. Assts.;
ond Michoel Berard, Assoc. Engr.

constants by resonance, and ther-
mal expansion and emissivity. The
expansion work is done by con-
ventional dilatometry and includes
measurements of Y:0. and the re-
fractory rare-earth oxides. The
emissivity studies of the rare-
earths including UO; are with arc-
image techniques, using hi-speed
photo sensing. Some heat capacity
measurements have also been made

Several glasses have been studied
with atlention te the position and
co-ordination of a foreign ion
Uranium in silicate glasses has beer
evaluated by absorption in the in
frared and wvisible. Gadolinium i
silicate glasses is presently bein;
studied by magnetic resonance tech
niques.

The electrical conductivity o
Y:0; in both the stoichiometric an:
sub-stoichiometric oxide is bein,
studied at high temperature to gai:
insight into the transition from on
state to the other.

In 1885, C. F. Auer von Welsbac!
discovered that praseodymium i
one of the two major component:
of didymium.

The name praseodymium is de-
rived from the Greek words prasios
and didymos, meaning green twin,
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RADIOCHEMISTRY GROUP

[Conlinued from Pooe 1]
ment of the equilibrium constanl.
Kp of the vapor phase hyvdrolysis
reaction:

ECl; + HO==ROLC] + 2 HEI

at various temperatures. From the
dependence of log K, vs 1. T, values
of aG1 , AH and 457 may be
derived, and the heats of formation
of the oxvhalides may be calcu-
lated. In Munich, the reaction has
been studied for R=Nd, Pm, Dy,
Ho, Er, Tm, and Y. The particularly
difficult measurement on the pro-
methium system yielded the first
thermodynamic data on this ele-
ment.

Other studies of the group in-
volve precision single crystal x-ray
work on rare-earth oxalates. Data
thus obtained were useful in index-
ing the powder patterns of some of

the rarer members; promethium
(1I1)-oxalate, and americium(II)-
pxalate.

Studies of mixed oxide systems
consisting of an actinide compound
(UD,, U.0e NpOz, Pud;), and a
lanthanide component [oxides of
Eu, Th, Dy, Ho, Tm) gave useful
crystallographic information on
parts of the phase diagrams of
these systems. These findings may
be important in the design of high
temperature nuclear reactors em-
ploying ceramic fuels which con-
tain a burnable poison.

Vapor pressure measurements on
lanthanide and actinide halides
have been started and are to be
extended to most elements for a
systematic study of high tempera-
ture thermodynamics.

Future plans of the group include
determination of precision x-ray
data from single erystals, measure-
ments of thermodynamic data
(heats of formation, vapor pres-
sures, molten salt phase diagrams),
and magnetic susceptibility meas-
urements.

Most of the studies are carried
out with the aim of collecting basic
scientific data which might, but not
necessarily must, have technolog-
ical significance.

OUTLOOK

Dhespite color  lelevision
sales so Tar this year with a corre-
sponding lower-than-expeclted de-
mand for phoasphors, rare-earth pro-
ducers remain in an expansionisl
maoad reports Chem. omd  Engr
News 45, (25), 46 (1967).

The major U.5. producers have
heen busy securing Jong-term
sources and are making substantial
progress  toward enlarging  rore-
earth markets apart from the phos-
phors. ]

Fram this strengthened position
the rare-earth industry is working
toward the day when more non-
television applications can be found

lower

‘for the europium-yitrium oxides

and markets for the other rarg
earths can be opened. The activity
during the past three years has
given the industry the opportunity
and incentive to build a more se-
cure raw material position and a
more solid economic base.

Rare-Earth Industry

The Rare Earth Industiry, R. ].
Callow, Pergamon Press, London,
1966, 84p., $2.00 soft cover, $3.50
hard cover, is one of a series of
monographs on the chemical in-
dustry prepared as teaching man-
vals for college seniors.

This comprehensive book briefly
covers the spectrum of the rare-
earth industry from its development
with the advent of the “mantle” to
its recent products and their uses.
Topics covered include rare-earth
sources, their recovery from ores
and the separation of the individual
elements. Thorium, because of its
close association with rare-earth
ore, is considered as part of the
industry.

DETECTS FLUORIDE
(Continued from Page 2)
The electrode responds to F-
concentrations down to 10~°M. The
useful pH range of the electrode far
fluoride ion measurements is lim-
ited by the formation of hydrogen
fluoride in the acidic region and by
hydroxide ion in the alkaline region.

Magnetic Behavior
Of Rare Earths

The literature on the magnelic
behavior of materials which ap-
peared in 1965 has been summar-
ized in Magnetism and Maognelic
Materiols: 1966 Digest, ediled by
C. W. Haaz and H. 8. Jarreit and
published by Academic Press. A
chapter by R. ]. Joenk deals ex-
clusively with the rare-earth metals
and alloys.

MNine other chaplers also contain
useful information related to the
rare earths, They deal with mag-
netic structures, nonmelals, elec-
tron spin resonance, preparalion
and structure of magnelic materials,
nuclear 'I'I‘I."Ig'l'l.l':'!tlbl'l'l. resonance and
relaxation phenomena, magneto-
elasticity, oplical properties, and
thermal and transport properties

MEETINGS

7TH RARE-EARTH COMFEREMNCE

The Seventh Rare-Earth Research
Conference will he held Oct. 13-18,
1968 at ithe Hotel Del Coronado,
San Diego, Calif., according to |. F.
Nachman, Solar, San Diego, Calif.
02112, conference chairman. De-
tails of conference arrangements
will be published as they become

available from the conference com-

mittee.
RIC Mews
Val. I, Mo. 3 September 1, 1967
published in
March, June, September ond Decembar
by

Rare-Earth Information Center
Ames Loboratary, USAEC
lowa State University
- - .
Second-Class poslage
paid at Ames, lowa.
L] Ll ®
Telephone: Area Code 515 294.2272
K. A. Gachneidner, Jr. S . Editar
Charla Bertrand, G. R Khne, ﬂnd W H Srmth —_
Staff YWriters
For permission to reprint material
for othar than governmental
use contact the Editer.
- - L
RIC Mews is disiributed free 1o thoie interested in
rare-earth research ond technelogy. Subscripfion
requesis should be addressed to the Editor and in-
clude name, address and ZIP Code,
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Europium Oxide
Switching Properties

The quasistatic and dynamic
swilching properties of LEuO are
discussed by K. Y. Ahn and M. W.
Shafer, J. Appl. Phys. 38, 1197
(1967).

Samples were prepared by press-
ing FuQ into loroidal cores and
firing at wvarious lemperalures lo
ohtain dilferent grain sizes. Quasi-
slalic measurgemenls were per-
formed in the range 4.2° o 70°K
al 105 eps. The hysteresis loops
formed were nol square.

Ahn and Shafer observed thal
the coercivily and magnelization
decreased slowly with increasing
temperature bul decreased rapidly
near the ferromagnetic Curie tem-
peralure.

From the breaks in the swilch-
ing curves they concluded that
more than one switching mech-
anism was present. For the low-
field region the [ux reversal was
assumed to be caused by domain-
wall motlion while in the high-field
region il was thought to be caused
by non-uniform motion.

Because of it's luree swilching
cocflicients EuQ cannol compete
with ferrites as computer slorage
elements. However, owing to ils
high resistivily. non-square hyster-
sis loops, and large magnetization,
Eu may have many low lemperature
applications.

RARE EARTHS IN THE NEWS
(Continued [rom Page 1]

MAY POWER HEART PUMP

Critically ill heart patients will
benefit if elforts lo perfect a radio-
isotope-powered heart-pump engine
are successful. Possible power
sources for the proposed hearl-
pump engine are ""Pm, "'Tm, and
“¥pPy. Aerojet-General Corp., Don-
ald W, Douglas Laboratories, Ther-
mo Electron Engineering Corp., and
Weslinghouse Astronuclear Labora-
torv have contracted with the U.5.
Atomic Energy Commission to de-
velop the device.

COMPLEXES ?ﬁ? e ||

A useful review of various as-
pects of the rare-earth complexes
is now available in Complexes of
the Rare Earths by S. P. Sinha [Per-
gamon Press, New York, 1966).

The first half of the book dis-
cusses stabilities of the complexes
and is divided into the following
categories:

1. Coordination through the ni-

trogen ol the donor molecule.

2. Coordination through the ox-
ygen nf tha danor molecule.
Coordination through both
the oxygen and nitrogen of
the donor molecule.

4. Coordination through atoms
other than nitrogen and ox-
ygen.

Topics considered in the second
half of the review are the spectral
characteristics, luminescence in
chelates, and laser applicability of
the rare earths. In addition, the
aclinides are briefly reviewed with
respect to spectra and stability of
a few of their complexes. The
price of the book is §7.50.

oarin,

Gagarinite. named after the
world's first astronout Yu, A. Gao-
is a sodium-colcium-rare-
earth fluorite (NaCaRF.) discovered

in Russia in 1958.

: Brochures, %
Eeeeneenen BOOKIELS |

RARE EARTHS 1945

The events concerning rare-earth
developments in 1985 are summar-
ized by ]. G. Parker in “Rare-Earth
Minerals and Melals, 1965", a chap-
ter from Bureau of Mines Minerals
Yearbook. He reporls that lor the
first time industrial consumption of
all rare-earth materials exceeded
4000 tons of equivalent RE exides.
Furopium and yttrium oxides lor
color lelevision phosphors were
sold at rates four and five times
greater, respectlively, than in 1964

Uses for RE compounds were
39%y for television and electronics,
20" lor mischmetal, 15" [or pol-
ishing powders, 5" for petroleum
catalysts, and 5% for cored carbon
arcs. Parker mentlions several spe-
cific and interesting uses of differ-
ent RE compounds. Also, he
views new price quolations, ex-
ports and imports, and lists the
number ol short lons of monazite
produced from 1961 to 1965 by len
leading countries. Also covered are
several aspecls of rare-earth
search and lechnology.

This publication may be obtained
for 50.10 [rom Superintendent of
Documents, [1.5. Government Print-
ing tMlice. Washingron, LG, Zudiz,

et~
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