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ARIZONA STATE UNIVERSITY

Solid State Chemistry Group

o
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The program of
research at Ari-
zona State Uni-
versity, Tempe.
on the solid stale
chemistry of the
rare-earth oxides
is a continuing
effort, consider-
ing these as a
model system
with proximale
relevance lo the
oeneral problems
ol solid state
chemistry, partic-
ularly in relatlion
to the question of
gross nonstoichi-
omeltry.

Of grealest in-
terest in the pres-
ent studies are the
oxides of the rare-earth elements ex-
hibiting higher oxidation states
(Ce, Pr and Tb) which are among
the most complex of oxide systems.

The following specific kinds of
sludies are being conducted:

1. Tensimetric Studies

Tensimetric investigations have
been productive of detailed infor-
mation about the ranges of thermo-
dynamic slability of the several
phases in the rare-earth oxide sys-
tems, as well as giving a wealth of
informalion about the mode of
Iransformation betlween phases.

2. Growth of Single Crystals of
Rare-Earth Oxides of Inlerme-
dinte Compuosition

Jenkins and Gar
M. Warmkessel,
G. Duane Stone.

ARIZOMA GROUP — Standing from left are Dr. LeRoy
Eyring, James O. Sawyer, Volker Scherer, Michoel 5.

y R. Weber. Seated from left are Joyce
Joseph A, Houg, Rheal P. Turcotte and

Single crystals are necessary [or
x-ray and neutron diffraction
studies leading lo complele slruc-
tural determinations. They are al-
so necessary for definitive kinelic
and equilibrium studies as well as
diffusion and electrical properly
mepsuremenis.

3. Heterogencous lselopic
change of Oxyoen

Material transporl in oxides is
ol interest and has nol been appre-
ciably studied for the rare coarths.
Indirect evidence has led o the
conclusion thal oxygen lransporl
is very rapid in these oxides and
that the melal atloms are relalively

[Conlinued on Page 4)
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Rare Earths
In the News
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STARTS PRODUCTION
Molybdenum Carporalion of
America has begun production ol

aprp =

cerium concenbrale at its 5225000
plant at Mounlain Pass. Calif. Muoly-
corp also announced the starl ol
production of La.0O-, Pr.0),
Nd.O: al ils Louviers. Colo, separ-
ation planl. The raw materials,
which come from Molveorp's AMoun-
lain Pags, Calil. plant, will be sep-
arated by liguid-liguid jon exclange
technigues, Annual production T
the three oxides is estimated at 350,
30 and 100 tons, respectively.
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BRITISH FIRMS AMMOUMNCE MERGER
Two British firms, Thorium, Lid.,
and Johnson, Matthey & Co., Lid,
have merged to form a new com-
pany, Rare Earth Products, Lid.
The new company brings logether
Thorium's interest in rare carths
in metallic form and the Johnson
Matlhey interst in rare-carth com-
pounds and melals.
Pm-W METAL CERAMIC
A Pm-W metal ceramic [cernuwet)
is being developed al Douglas Adr-
cralt's Richland, Wash. luboratories
as a radioactive heal source lor a
high lemperalure power sysboem thal
will converl heal dircctly inlo elec-
trical or moechanical energy.  Al-
ready the Pm-W cermel has wilh-
slood lemperalures in excess ol
2000°C Tor more than 1000 hours,
Douglas reports.
[Contlinued on Page 2)
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University of lllinois --

Rare-Earth Research Group

Primary empha-
sis is currently
placed upon the
coordination
chemistry ol the
rare-earth metal
ions. Broadly,
complexes con-
laining selected
ligands are being
studicd in terms
of their thermo-
dynamic stabil-
ities, bonding,
structures, coord-
ination numbers,
antdl applications,

Pure nilrogen
donors are heing
invesigaled by E.
K. Birnbaum, |. H.
Forsherg, and R.
C. Grandey, with
ecmphasis upon:

1. nuclear magnelic resonance
lechnigues (o evaluate the degree
of covalency in bonding;

2. infrared techniques lo study
melal-nitrogen inleraclions and de-
termine the exlent 1o which certain
normally ionic groups Tunction as
lipands;

3. electronic speciral lechniques
oy shel some lighl on energy rela-
tionships;

4. enthalpy litralions;

5 synlhesis procedures that
eliminate inlerference by potential
oxyeen donors; and

ti. ultimately, single crystal anal-
ysis.

Somewhal parallel studies have
enabled L. |. Sauro lo establish both
oxyaen and nitrogen coordination
sites in coordinaling pyramidone
molecules, Fluorescence studicos are
also in progress by these investiga-
lors,

Thermodynamic stabilily is being
sludlied in terms of the effect of
ligand structure and the nature of
the rare carth-metal ion. Both Tor-
malion conslants and measured on-

(Conlinued on Page 4)

ILLINOIS GROUP —
Prof. Therald Moeller, John H. Forsberg, Louisa J. Saure,
Marcia L. Bengs and Edward R. Birnbaum. In the back row
fram left are Denaold L. Campbell, Dr. Edmund Bensen, Dr.
William R. Stagg, ond Roberi B. Gayhort. Mot present for
the photo was Robert C. Grandey.

Pictured in the frant row frem left are

Far-Infrared
Photoconductor

CidF: dopod wilh rare-earth ions
and baked in cadmium vapor is
found 1o be a good photoconductor
according Lo P BHisenberger and
P. 8. Pershaw, Appl. Phys. Lellers
10, 248 [19G7).

They [ound that lightly doped
samples have an absorplion band
in the Tar-infrared while more high-
ly doped [0.1%% Gid) samples exlend
well inlo the visible, Althoush 1he
spectral response of the system is
similar lo thermal deleclors, the
response lime of 10°% see is mach
[asler.

A minimum measuremenl of D*
[0 measure of the signal produced
by the incident radiation) oblained
wilh 0.8 Y-doped samples was 4
x 1 em [eps) WL Higher values
al 1 are believed possible,

The authars belicve that although
the Tar-infrared pholoconductivily
is due lo impurily banding ellecls,
the pure host crystal has a conduet-
ing band of ils own,

STEELD

A review al the effecls of an:-
carth selditions 1o slech was swritten
by Anderson and Sprecadboreuzh
[[ev. e Malal, 64, 17783 [Fol,
1067, They discussed sone ol e
eefloels bhe
slainless steels, cast irons aod con-
struction stecls: the influence of the
individual metals on consteuction
stecls: and some of the physical
propertios of the rare-carth melals,

rare earths hasve on

nxides, and sulflides as related 1o
sleels.
They conclude that the rare

earths in general improve the qual-
ity and the mechanical properties
of steels. However, the exact ef-
fects depend quite closely upon the
particular sleel in question. For
some steels the rare-carth addilions
actually inhibit the elfect of other
beneficial alloying clemoents
thus limil the uselulness of the rare-
garth additive,

and

RARE EARTHS IN THE NEWS
(Continued from Page 1)

RARE-EARTH LUBRICANTS

Three rare-earth oxides, Y.0O,,
La.0., and CeO. are being tested
in a program aimed at developing
superior lubricants for use in ox-
truding high temperature refractory
melals, such as molybdenum, tung-
sten, niobium and their alloys. The
program is being conducted by
Thompson Ramo Woolridge which
plans lubricity, reactivity, and in-
sulation lests as part of its evalu-
ation scheme for the potential lub-
ricants.

A MEW TELEVISIOM PHOSPHOR?

A yellow-emitting Y;AL.O.
— Ce'* phosphor has been reported
in J. Appl. Phys. Lellers 11, 53
(1967), This phosphor fluoresces
under cathode-ray [electron) exci-
lation at 550 nm with a decay lime
of 0.07-0.08 usec. These properlics
make the phosphor suitable for fly-
ing-spot cathode-ray tubhes for color
television say the authors of the
study, G. Blasse and A. Bril, both
ol Philips Research Laboralories,
Eindhoven, The Netherlands.
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AEC Honors
F.H. Spedding

Frank H. Spedding. director of
the Ames Laboralory of the US.
Atomic Energy Commission, Amoes.
la.. on Sepl. 13 received the Alomic
Energy  Commission Citalion [for
oulstanding service in the Uniled
States’ atomic energy program. The
award. a citalion and symbolic
medallion. was presented lo Sped-
ding at the National Academy of
Sciences in Washington, D.C.
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Commissioner Gerald F. Tape (left),
U.5. Atomic Energy Commission, pre-
sents the AEC Citation to F. H. Sped-
ding, director of the AEC's Ames
Laboratory.

The American Chemical Society
23rd annual Midwest Award was
presented to Spedding at cere-
monies in St. Louis, Mo. on Nov.
18. He received the lowa Medal of
the ACS in 1948.

Spedding has been the director
of the Ames Laboratory since its
inception. The Laboratory grew
from the Atomic Project he organ-
ized and directed at lowa State
University, beginning in 1942,
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DATES CHANGED FOR 7TH
RARE EARTH COMFEREMNCE
Joe Nachman, chairman for the
7th Rare Earth Research Confer-
ence has announced that the con-
ference will be held Oct. 28-30,
1968 instead of Oct. 13-16, as pre-
viously reported.
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RARE - EARTH
METAL COATINGS

Ceneral announend  in
lale June & new process for pre-
paring special metal suelaces on
melals.,  This process, called
melalliding, was developed by N
Cook,

Metalliding is aceomplished by
an electrolvlic cell operating be-
Lween GOOT and 1200706, The metal
ta be coaled is the cathode and the
coaling melal is the anode. Maollen
Nuoride salls nol only serve as the
electrolyle, bul also clean the metal
surfaces by dissolving oxide coat-
ings on the cathode and anode.
Because of the high lemperalures
involved, the anode metal dilluses
into the surface of the cathode
(base] melal,

A number ol rare-carth metals.
including  scandium  and  yUrinm,
have been used as the anode metal
lo date. One example noted by
Cook was a nickel base metal which
was first melallided with scandium
and then with gadolinium, giving o
mulliply coated nickel specimen.

In the case ol rare-carth metals,
according to Cook, the metalliding
process is the only practical way
lo coal other melals with rarve-earth
metals. In the past eleclroplaling
and vapor deposilion lechnigues of
the rare-carth metals have mel with
limited success.

ELECTROMAGNETS

The high magnetic moments of
the heavy lanthanide metals, espe-
cially Dy and He, have been known
for many years. And just as with
the weather, many people have
talked about replacing Fe with Dy
or Ho as pole pieces of electro-
magnels, but until just recently no
one to our knowledge has done
anything about it. P. Bonjour and
A. Septier, Compt. rend. 2648, 747
(1967), have described such a mag-
net using superconducting excita-
tion coils.

The Dy and Ho electromagnets
were used as low bulk magnetic
lenses for focusing high-energy

[Conlinued on Page 4)
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PROGRESS OM RARE EARTHS

Another new collection of papers
by rare-carth
many counlries brings logether
mueh up-to-date information. The
book, Progeess in e Science amd
Technolosy of the Rare Farths, Vol
2, L. Eyring. wd., [Pergamon Press,
Inc., New York, WG] S66 pp.. re-
views progress in oareas of
eitrth research and technology sinee
1960, The price ol the book is
S15.00.

Included are discussions on ther-
modynamic and magnetic proper-
lies of rare ecarths: stractural amd
salid stale chemistry: properlios of
halides,  chalcogenides
and poictides: methods of propue
ing earths:  eschange  coup
lings and rarve-carth  maetal
plexes: and wses and applications.
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Pa. Wollan was cited for “his early
work in developing the equipment
and technigues for study in neu-
tron diffraclion, and for his many
invesligations which resulted in the
discovery of the magnelic structure
of solids, especially the rare-earth
melals.”

Earlicr Wollon was honored for
his achievements in the field of
nectron diffroction at the Fourth
International Congress on Mogne-
tism held in Boston, Mass., Sept.
11-1a.

Radioactive
Energy Sources

Radivisolopes are one possible
answer Lo the problem of supplying
power and heat lo small manned
research slalions in Anarctica, ac-
cording lo R. M. Rodden, Nuclear
Applications 3, 226 [1967). Two
rare carths, '** Ce and '*’ Pm, are
being considered along with five
other isolopes. Relalive costs and
advanlages were compared among
these and the presently-used hydro-
carbon fuels. For a 10 kw electrical
power source, ' Ce has a high
initial cost plus a one year oper-
alion cost eslimated al $272,000,
whereas fossil-fuel costs are about
566,000. Although the '** Ce source
requires semi-annual replacement,
after 5 years the costs are equal.

Studies show that radinisolopes
are capahble of providing power in
the low kilowalt range, and wasle
heat [rom energy conversion pro-
cesses would be adequale for six
men in lemperatures as low as
=130°C [—200°F).

For inaccessible locations such
as Anarclice, rodiooctive fuels
would do awoay with the hazord-
ous delivery of hulk fossil [uels
and would be economically com-
petitive.

————=rtrrT LRA=EA=1 Ll b b ~L=h
0s, S5m0 .(B-type)-0:, and (C-type)-
0. as well as in the intermediate
axide phases.

4. High Temperalure X-ray

Diffruction Studies

Concomitanl with the need for
tensimetric sludies of the regions
ol hysleresis and pseudo-phase [or-
malion in the higher oxides of the
rare: earths is the need for struc-
lural data. These regions must be
studied al lemperature eliminaling
the uncertainties of quenching by
using high lemperature x-ray difl-
[raction,

It is very desirable o develop
the technigues so that the subtle
changes revealed by careful pres-
sure - composition - temperalure
measurements can be observed and
related by x-ray if possible. T will
he necessary o develop the lech-
nigue heyond its presenl state lo
accomplish Lhis.

5. Spectra of Metal Alums in

(hxides

Al presenl the exact posilions
of the oxygen atoms in oxide struc-
lures are in some doubl because
of the relatively small scallering
power of oxygen compared lo the
heavy melal atoms. A study of the
oplical spectra of atoms suffering
transitions within the 4f* ground
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[Conlinued from Page 2)

thalpy changes are being evaluated

via computer processing of experi-
mental data.

Ligands under study ore chosen
for their abilty to impart high co-
ordination numbers to the cations
and for their ability to bond through
a single type of donor atom. D. L.
Campbhbell and R. B. Gavhart are
carrving oul these sludies.

M. L. Bengs has begun the compi-
lation of a punch-card file which,
when completed, will include in an
accessible fashion the available
dala on rare-earth metal complexes
of all types.

During the past year, Drs. 1. Ben-
son and W. R. Slagg, both of whom
carried oul docloral studies with
rare-earth melal complexes, have
provided advice and counsel. Drs,
Benson amd Stagg have pursued
their own postdoctoral studies in
the sulfur-nitrogen and phosphorus-
nitrogen areas.
ELECTROMAGNMNETS

[Conlinued Trom Page 1)
electrons [1-5 MeV) with focal dis-
lances less than 10 mm. Fields as
high as 43kG for a Zmm gap were
oblained from Dy pole picces. Con-
struction of the magnet was also
described.
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