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RIC Support

The RIC receives over half of its financial support from corporate sponsors and individual contribu-
tors. This support allows us to distribute the RIC News to an international audience at no cost. Last
year, the RIC experienced a 10% decrease in the level of support received from sponsors. In order for RIC
to continue to provide services to the rare earth community, the lost revenue must be replaced.

Supporters of the RIC receive a number of membership benefits:

A Subscription to the monthly RIC Insight which reports on the latest scientific and technological de-
velopments in the field of rare earths and how these may impact the rare earth industry.

A RIC database searches for anyone in the member organization.

For more information, or to request a preliminary computer search, contact: Rare-earth Information
Center, 112 Wilhelm Hall, Jowa State University, Ames, IA 50011-3020 USA; Tel: 515 294 5405; Fax:
515 294 3709; ric@ameslab.gov. A

Er-Doped Si LED

During the last ten years, Er dop-
ing has been recognized as a promis-
ing approach to the fabrication of an
efficient light source in silicon. Er ions
exhibit an internal 4f shell transition
at 1.54 pm, a standard telecommuni-
cation wavelength, that can be excited
electrically when the rare earth ions
are incorporated into silicon. How-
ever, two problems have so far ham-
pered the optoelectronic applications
of Er-doped Si light emitting diodes
(LEDs): 1) the efficiency of the light
emission at room temperature ap-
pears to be impracticable because of a
reduced pumping efficiency at high
temperatures and of the onset of fast
non-radiative processes, and; 2) since
the radiative lifetime of the excited Er
ions is close to 1 ms, the elimination
of non-radiative routes, which are nec-
essary for high efficiency, would im-
pede a direct modulation of the diode
frequencies above 1 kHz, thus requir-
ing external modulation of the light

Continued in next two columns w

Recently, a research team at CNR-
IMETEM, a laboratory of the National
Research Council in Catania, Italy,
{Appl. Phys. Lett., 69 [14], 2077-9
(1996)} designed and fabricated Er-
doped LEDs which can operate at 1.54
pum with high room temperature effi-
ciency (>1 x 10*) while allowing direct
modulation of the light signal at MHz
frequencies.

The new diode structure was pre-
pared by performing multiple Er and
0 implants at a uniform concentration
of 10 Er/em® and 10® O/cm? in the
depletion layer of a p*-n Si diode.
Operation of the diode under reverse
bias at the breakdown, which occurs
via Zener at 5V, results in an intense
1.54 um light emission. The research-
ers also report that within the deple-
tion layer, Er ions are efficiently
pumped by hot carriers impact exci-
tation (with a cross section of 1x107¢
cm?) and decay with a long lifetime
(100 ps) since non-radiative processes
are severely inhibited within this layer.

When the diode is turned off, the elec-
troluminescent signal dies off in a time
as short as 100 ns, which allows fast
modulation of the light signal. This
fast turn-off is a result of very effi-
cient, Auger-type, non-radiative decay
of the excited Er ions which only oc-
curs when the depletion layer shrinks,
causing the Er ions to be embedded in
the heavily doped (~10"cm? neutral
regions of the diode.

These results open new perspec-
tives to the use of Er-doped Si LEDs
as efficient and fast switching light
sources in integrated Si-based opto-
electronics. Furthermore, detailed
investigations of the excitation mecha-
nisms clearly indicates that by proper
design of the device structure, effi-
ciency up to 1% and modulation up to
100 MHz can be achieved.

For more information, contact Dr.
Salvo Coffa, CNR-IMETEM, Stradale
Primosole 50, 195121 Catania, Italy;
Tel: 39 95 591 212; Fax: 39 95 713 9154;
coffa@ct.infn.it. A



Page 2

Practical CMR?

N.D. Mathur, Cambridge University, UK

Until recently, the applications po-
tential of cubic perovskites which dis-
play colossal magnetoresistance
(CMR) was thought to be limited by
the magnetic fields of several tesla to
effect a significant magnetoresistance
(MR) - in a typical material such as
Lag:CapsMn0O; (LCMQO). Moreover,
from a scientific point of view, the com-
plex and intriguing link between the
magnetic, electrical and structural
properties remains unsolved.

Both of these issues have recently
been addressed by the Materials Sei-
ence Department of Cambridge Uni-
versity, UK, as reported by N.D.
Mathur et al. in Nature 387 266-68
(1997). Efforts to isolate the behavior
of a single (artificial) grain boundary
in a CMR thin film led to a device which
not only gives a clue as to the role of
structural disorder in the CMR effect,
but, in addition displays a large low-
field MR.

A 200 nm epitaxial film of LCMO
was grown by pulsed laser deposition
on a bicrystal substrate consisting of
a SrTiO; (001) bicrystal with a mis-
alignment of 24°. This film was then
patterned into a Wheatstone bridge
device which had two arms crossing
the artificial grain boundary created
in the film, and the other two arms
sampling the bare film. When a con-
stant current was passed through the
bridge, the device output represented
the contribution of a single grain
boundary of well-defined orientation
to the electrical resistivity of LCMO
film. To improve the signal/noise ra-
tio of the device, each arm of the bridge
comprised a meander track with 19
turns.

The MR response of the device was
found to be extremely smooth and
sharply peaked in low magnetic fields
(e.g. 30% in 20 mT at 77 K), below the
curie temperature of the material. It
is envisaged that this large low-field
MR, which arises due to the presence
of structural disorder in CMR materi-
als, will shed light on the fundamental
mechanism which governs the CMR

Continued in next column
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Conference Calendar

*ANEWS STORY THIS ISSUE

Note: Reach as many potential
conference attendees as possible!
Send us your conference announce-
ment and we will publish it here. A

September ‘97

Fourth International School
on Excited States of Transi-
tion Elements (4" ESTE’97)
Wroclaw-Duszniki Zdroj, Poland
September 6-12, 1997

RIC News XXXII, [3] 2 (1997)

Third International Confer-
ence on [ Elements (ICFE3)
Paris, France

September 14-19, 1997

RIC News XXXI, [2] 3 (1996)

October ‘97
Commercializing  Fuel
Vehicles 97

Frankfurt, Germany
October 22, 1997

RIC News XXXII, [1] 2 (1997)

Cell

March ‘98

International Forum on Rare
Earths: Technology and Trade
Beijing, China

March 24-26, 1998

RIC News XXXII, [3] 4 (1997)

September 1, 1997
Au ¢
15" International Workshop
on  Rare-Earth  Permanent

Magnets and Their Applica-
tions

Dresden, Germany

August 30-September 3, 1998
RIC News XXXII, [1] 5 (1997)

September ‘98

Tenth International Sympo-
sium on Magnetic Anisotropy
and Coercivity in Rare-Earth
Transition Metal Alloys
Dresden, Germany

September 4, 1998

RIC News XXXII, [1] 5 (1997)

7* European Magnetic Mate-
rials & Applications Confer-
ence (EMMA’98)

Zaragoza, Spain

September 9-12, 1998

RIC News XXXII, [1] 5 (1997)

October ‘98

Rare Earths 98

Freemantle, Western Australia,
Australia

October 25-30, 1998

RIC News XXXII, (2] 5 (1997)

phenomenon. Moreover, the discov-
ery suggests a brighter future for CMR
materials - they could constitute the
active elements of sensors of small
magnetic fields. Possible applications
include disc-drive heads and position
Sensors.

For more information on this ar-
ticle, contact Dr. N.D. Mathur, Depart-
ment of Materials Science, New Mu-
seums Site, Pembroke Street, Cam-
bridge CB2 3QZ, UK; Tel: 44 1223 334
375; Fax: 44 1223 334 373;
ndml2@cus.cam.ac.uk. A

Ga substitution - Cool!

A new class of materials that may
lead to improved magnetic refrigera-
tion devices was discovered when the
magnetic ordering temperature of
GdsSi, was lowered by adding gallium.
Gallium was substituted for silicon in
the gadolinium silicide, GdsSis, in an
effort to find a suitable magnetocaloric
compound to be used in magnetic re-
frigerators. The substitution resulted
in the formation of the new compound
GdsSisGes.

Continued on next page wr
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Arnold Catalog

The Arnold Engineering Company
offers a new 95-page Magnetic Pow-
der Cores catalog that includes MPP,
HI-FLUX™ and SUPER-MSS™ powder
cores. The comprehensive catalog fea-
tures design information, formulas
and definitions for design calculations,
and comparative magnetic curves of
ARNOLD™ magnetic powder core
products. The information can be used
for performance evaluation and com-
parisons with other manufacturer’s
products. Electrical and physical
specifications with part numbers along
and ordering information are also in-
cluded. The catalog provides a listing
of the company’s headquarters, devel-
opment centers, outlets, laboratories
and rare earth permanent magnet
manufacturers.

For a copy of the catalog, contact
Mark Bokerman, The Arnold Engi-
neering Company, 300 N. West St.,
Marengo, IL 60152 USA; Tel: (in the
TUSA): 800 545 4578; (elsewhere): 815
568 2000; Fax: 815 568 2228; http://
www.arnoldengr.com. A

New Area Code

The New Jersey region has intro-
duced a new area code which affects
the Fairfield office of Molycorp. The
office can now be reached at: Molycorp,
Ine., A Unocal Company, Executive 46
Office Center, 710 Route 46 east,
Fairfield, NJ 07004 USA; Tel: 973 808
8880; Fax: 973 808 9060. A

The new gadolinium-silicon-ger-
manium alloy exhibits a magnetocal-
oric effect about twice that of gado-
linium, which was the best known re-
frigeration material for near-room
temperature applications. The new
material has two advantages over ex-
igting magnetic coolants in that it 1)
exhibits a “giant” magnetocaloric ef-
fect (that is, the ability of a material
to heat up and subsequently cool down
when placed in and out of a magnetic
field) and 2) its operating temperature
can be “tuned” from about 30 K to 290
K by adjusting the ratio of silicon to
germanium in the alloy composition.
The operating temperature can be
lowered by increasing the ratio of ger-
manium to silicon in the Gd-Si-Ge al-
loy. [ g

New NEOLOR™ Colors

Rhone-Poulenc has extended the
range of colors for its line of rare earth-
inorganic pigments that it offers un-
der the trade name NEOLOR™. The,
pigments are free of heavy metals and
are used in coloring plastics and indus-
trial coatings in the automotive indus-
try, snow and recreational vehicles,
tools and garden equipment. The new
colors are light burgundy and bur-
gundy, which were added to the exist-
ing line of colors; light orange, orange,
and red.

NEOLOR™ pigments have been
shown to exhibit heat stability up to
350°C, resistance to fading and migra-
tion, excellent opacity, and ease of dis-
persion in the coloring medium. They
are particularly suited for use in tech-
nical plastics such as ABS, polyamide
6 and 6/6, polycarbonates, and for pow-
der, coil, and automotive coatings.

For more information, contact:
Rhéne-Poulenc, 25. Quai Paul Doumer
92408 Courbevoie Cedex, France; Tel:
331476805 88; Fax: 331 47 68 22 99.
In the U.S.A. contact Harry Sarvis, the

Technical expert at Ferro, the North

American distributor; Tel: 216 641
8580. A

U.S.G.S. Publications

In 1995, the U.S. Geological Sur-
vey temporarily suspended production
of its New Publications of the U.S. Geo-
logical Survey, which had been re-
leased on a monthly basis. Now, the
New Publications will be sent, free of
charge as before, but quarterly. This
publication is somewhat useful in keep-
ing informed of various geologic occur-
rences of rare earth minerals and rare
earth mineral deposits.

To receive future editions of New
Publications of the U.S. Geological
Survey, contact: USGS Information
Services, Box 25286, Denver Federal
Center, Denver, CO 80225 USA,; http:/
/pubs.usgs.gov/publications/
index.html. A

For more information, contact
Steve Karsjen, Office of Public Affairs
and Information, 111 TASF, Ames
Laboratory, Iowa State University,
Ames, JA 50011-3020 USA; Tel: 515 294
1856; Fax: 515 294 3226;
karsjen@ameslab.gov. A

Polishing Powder

Baotou Tianjiao Seimi Polishing
Powder Co., Ltd., a joint venture be-
tween Baotou Iron & Steel Co., Ltd.,
and three Japanese companies (Seimi
Chemical Co., Ltd., a subsidiary of
Asahi Glass Co., Okura & Co., Ltd.,
and Chugai Steel & Rare Earth Co.,
Ltd.) became operational in August
and has a production capacity of 1,200
mt of polishing powder per year.

For information about product
specification, prices, and availability,
contact Mr. Weiji Cui, Baotou Rare
Earth & Steel Co. (USA), 520 El
Camino Real, Suite 228, San Mateo,
CA 94402 USA; Tel: 650 343 6644; Fax:
650 343 6266; baotoure@aol.com;
http://www. baotou.com. A

Chinese Industrial Partners

In June of this year, a delegation
of Chinese entrepreneurs led by Prof.
Yu Zongsen, Vice Chairman and Sec-
retary of the Chinese Society for Rare
Earths, visited the RIC and a number
of US companies. The delegation con-
sisted of representatives for enter-
prises which produce rare earth oxides,
chlorides and metals. The purpose of
the visit was to gather information on
rare earth consumption and emerging
requirements in terms of both the ma-
terials required and the quality re-
quired. As a result of the visit the RIC
has been contacted by delegation mem-
bers and asked to help identify poten-
tial industrial partners. Particular in-
terest has been expressed in automo-
tive catalysts and lamp phosphors.

For more information contact R.
W. McCallum, Director RIC; Tel: 5156
294 4736; FAX: 515 294 3709. A

Baotou (USA) Website

Baotou Steel & Rare Earth Co.
(USA) has set up a World Wide Web
site. It can be accessed at http:/
WWW.BAOTOU.COM and is one of
the better sites that we have seen. For
more information, contact Mr. Weiji
Cui, Baotou Steel & Rare Earth Co.
(USA), 520 El Camino Real, Suite 228,
San Mateo, CA 94402 USA; Tel: 415
343 6644; Fax: 415 343 6266; E-mail:
BAOTOURE@AOL.COM. A
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Ten Years of High T,

A review which describes the back-
ground leading to the discovery, and
important developments during the
first few years of high T. superconduc-
tors, “High-temperature superconduc-
tivity - ten years on"was written by P.J.
Ford and G.A. Saunders {Contempo-
rary Physics, 38, [1] 63-81 (1997)}.
The authors emphasize the two-di-
mensional layer-like structure of these
materials. Their basic properties are
described as well as the present theo-
retical understanding of the physical
nature of their superconducting be-
havior.

The review presents an overview
of these superconductors in five sec-
tions. Following a brief history of early
theory and discovery of low-T. super-
conductivity in the introduction, the
authors describe the search for high-
T. superconductors, including the
breakthrough by Bednorz and Miiller
in 1987. The intrigue and skepticism
surrounding their claims were
quenched when they received the
Nobel Prize for Physics only one year
after their discovery was announced
to the scientific community. .

The fabrication and structure of
the rare earth-cuprate superconduc-
tors is included with a concise descrip-
tion of their composition, structure,
and basic properties. The next sec-
tion deals with the search for the physi-
cal origin of high-T. superconductiv-
ity, including how the shapes of the
electron pair wavefunctions of isotro-
pic s-wave and anisotropic d-wave
states may describe the electron pairs
in high temperature Y-Ba-Cu-O super-
conducting materials.

The most comprehensive section
in the review, and rightfully so, cov-
ers the most promising present and
future applications of high-T. super-
conductors. Some potential high-field
applications of the high temperature
superconductors include: magnetic
resonance imaging (MRI) for medical
diagnostics, particle accelerators for
experimental physics, magnetically
levitated transportation systems, ship
propulsion motors and generators,
electric power station generators, fu-
sion and magnetohydrodynamic power
systems, electric power energy stor-

Continued in next column wr

1997 R&D 100 Award

A partnership between Idaho Na-
tional Engineering and Environmental
Laboratory (INEEL), Idaho Falls, Idaho
and Ames Laboratory, Ames, Iowa, re-
sulted in a 1997 R&D 100 award. Eath
year, R&D Magazine reviews the latest
scientific and technological developments,
patents, and research results each year
and chooses the 100 top discoveries for its
award. Six scientists comprised the team
which won the 1997 R&D 100 Award. The
INEEL team consisted of D.J. Branagan,
T. Hyde, and C. Sellers. The Ames labo-

ratory team members were R.W.
McCallum, Director, Rare-earth Informa-
tion Center, M. Kramer, and K. Dennis.

The winning entry for the award was
the procedure for producing Nanoerys-
talline Composite Coercive Magnet Pow-
der. The development and application of
this new alloying approach in rare earth-
based permanent magnet systems is ex-
pected to facilitate industrial production
of high-strength bonded magnets. The
new alloy is suitable for gas atomization,
which is a significant accomplishment
since current commercial rare earth per-
manent magnet alloys do not retain their
hard magnetic properties when atomized.
Atomization processing of the new alloy
not only maintained its hard magnetic
properties, but was also easier to process
than conventional gas atomized powders.
The adaptation of the new gas atomized
Nanocrystalline Composite Coercive
Magnet Powder will make possible high
volume, low cost production that will meet
market demands of the future. The rare
earth permanent magnet industry growth
rate of 15% per year is expected to con-
tinue with this new development. A

age systems, and electric power trans-
formers. Although only the first two
‘applications have made it to the pro-
‘totype stage, the remainder (and no
‘doubt others will follow) should pro-
‘vide the incentive to continue the re-
‘search and development of these im-
portant materials.
“High-temperature superconduc-
4tivity - ten years on” is recommended
sreading for undergraduate students
:looking for direction in their studies,
.graduate students working in this field
-who want “the whole story” in a brief
Jformat, and scientists currently con-
ducting research in this area. A

Martian Oh-Two

In 1979, M.L. Stancati, et al., AIAA
Paper 79-0906 (1979), identified a
method by which oxygen could be pro-
duced from the carbon dioxide-rich
atmosphere of Mars by utilizing solid
oxide electrolyzers. The oxygen would
supply life support and propulsion
needs for both manned and unmanned
missions to and from the planet. This
approach has taken another step to-
ward application of the process, which
utilizes yttria-stabilzed zirconia,
Y:04:Zr0, (YSZ) to produce oxygen.
The paper was written by K.R. Sridhar
and B.T. Vaniman (Department of
Aerospace and Mechanical Engineer-
ing, The University of Arizona, Tuc-
son, AZ 85721 USA; Fax: 520 621 8191)
and appears in Solid State Ionics 93,
321-8 (1997). The performance char-
acteristics of planar solid oxide elec-
trochemical cells, which incorporate
YSZ as essential materials in the de-
vice, is reported by the researchers.

The ceramic solid oxide electroly-
sis cell used in the study was made up
of YSZ (8 mol % Y.0;) and doped ce-
ria (Ce0;). The cell becomes an oxy-
gen ion conductor at elevated tem-
peratures. A thin, nonporous disk of
YSZ was sandwiched between porous
platinum electrodes and held in place
with ceramic cement. The electrodes
were also held in place by ceramic ce-
ments. The YSZ disk allowed CO; to
pass and react chemically with the ce-
ramic electrolyzer which was operat-
ing between 750°C and 1000°C. A po-
tential of 2V is then applied to the
electrodes, which begins the electroly-
sis process. An oxygen atom is liber-
ated from the CO; molecule and picks
up two electrons from the cathode to
become an oxygen ion (0%). The ion is
then transported through the electro-
lyte by means of oxygen ion vacancies
in the crystal lattice of the electrolyte.
At the anode-electrolyte interface, it
transfers its charge to the anode, com-
bines with another oxygen atom to
form O., and then diffuses out of the
anode. CO; gas is fed into the
electrolyzer, and O; vented from the
device, via alumina (Al;O3) tubes.

The researchers tested two cells
for over 3000 cumulative hours and
found no degradation of performance.

Continued on next page wr
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Rare Earths in the CIS

Roskill unveils the mystery sur-
rounding rare earth reserves and pro-
duction capacity of the former Soviet
Union (Commonwealth of Independent
States) with their latest report Rare
Earths in the CIS. The report was
prepared for Roskill by INFOMINE of
Moscow and includes all the informa-
tion concerning rare earth mining,
beneficiation, production, processing,
and exporting that was available to
anybody at the time of compilation.
Information included in the report cov-
ers primarily the period from 1992-
1994, the data is useful because it in-
cludes trends in production, exports,
and other useful information previ-
ously not disseminated.

The report is broken down into eight
sections: reserves of rare earths, mining
and beneficiation of rare earth ores, pro-
duction of rare earth products, potential
rare earth operations, current status of
rare earth producers, trade in rare
earths, consumption of rare earths, and
future prospects of rare earth production.
Thirteen tables are included as are three
appendices. Companies and organiza-

tions with interests in this area will no |

doubt find the listing of 129 domestic con-
sumers of rare earths helpful, as well as
the names, addresses, and telephone
numbers of rare earth producers located
in Russia, Ukraine, Estonia, and
Kazakhstan. The most comprehensive
appendix lists the composition of rare
earths that are produced in the CIS.

The 55-page report was published in
1996 and is available from Roskill Infor-
mation Services Ltd., 2 Clapham Road,
London SW9 OJA, England; Tel: 44 71
582 5155; Fax: 44 71 793 0008. The List
price of Rare Earths in the CIS is
US$700.00 but readers of the RIC News
can receive a 20% discount by referenc-
ing the date and number of the issue in
which this review appears. A

An independent study by NASA
Johnson Space Center indicated that
an identical unit operated for over 3600
hours with similar results. Not only
is the durability of the device an im-
portant attribute, but also the finding
that oxygen ion flow was not due to
electron transport. These results in-
crease the possibility of more frequent
missions to the red planet. A

La Boride Coatings

The potential for development in
the field of decorative coatings on
metals could be substantial provided
that certain optical and mechanical
property requirements are met. If a
metal surface can be made to exhibit
a pleasant color as well as provide ad-
equate protection from a corrosive
environment without using conven-
tional coatings or paint, a new growth
sector of rare earths could emerge. As
it turns out, recent research on deco-
rative ZrB,-alloyed LaBscoatings by C.
Mitterer (Institut fiir Metallkunde und
Werkstoffpriifung, Montanuniversi-
tit, Franz-Josef StraBe 18, A-8700
Leoben, Austria) et al., JJ. Alloys and
Compounds, 239, 189-192 (1996), hints
at promise in this area.

The researchers deposited Lantha-
num boride/zirconium boride coatings
onto steel and molybdenum substrates
by non-reactive magnetron sputtering
using various targets. The goal of the
experiment was to improve the me-
chanical properties of violet-colored
LaBg-based coatings since these films
seem to suffer from high stresses and
porosity as well as low adhesion, which
limits their utility. The rare earth
hexaborides form a crystal lattice in
which the rare earth atoms and boron
octahedra are arranged in the same
manner as Cl and Cs* ions in the CsCl
structure type. The boride structure
is dominated by strong B-B bonds
which allow for a wide range of com-
positions (LaBs to LaB;s) without sig-
nificantly altering the lattice param-
eter. The variance in composition is

accommodated by the formation of.

lanthanum vacancies within the com-
pound.

After sputtering LaBe-ZrB; coat-
ings onto steel and molybdenum sur-
faces in an argon atmosphere, various
material characteristics were deter-
mined, such as chemical composition,
crystal phase, hardness, and colora-
tion. Although hardness values and
color were less than optimum, the au-
thors demonstrated that deposition of
lanthanum hexaboride coatings onto
substrates can provide the material
with a variance of color, depending on
the stoichiometry of the boride depos-
ited. The mechanism by which certain
mechanical properties and color ren-

-

Japah-?rahce Seminar

Proceedings

The Proceedings to the Japan-
France Seminar on Magnetic, Electric
and Thermal Properties of Rare Earth
Compounds, which was held March 13-
15, in Toyama, Japan, 1996 are now
available. The proceedings, published
as Supplement B to J. Phys. Soc. Jpn.,
65, (1996), were edited by Y. Isikawa,
K. Maezawa, and J. Sakurai.

Magnetic, Electric and Thermal
Properties of Rare Earth Compounds
contains 27 papers submitted by re-
searchers from Japan and France who
collaborated the results of their work
on strongly correlated electron sys-
tems. The proceedings is presents the
seminar in eight sections: heavy fer-
mion, cerium compounds, Kondo ef-
fect and magnetism, low carrier sys-
tems, cerium and cerium compounds,
magnetic symmetry, heavy rare earth
compounds, and superconductors. The
most contributions to the seminar
dealt with cerium compounds. Some
of these included antiferromag-
netism and ferromagnetism in
CeRus(Si;.Ge,)s, vanishing of magnetic
order in CeosLagsRusSi; under pres-
sure, transport and magnetic proper-
ties of a new heavy-fermion
metamagnet CeNizGe;, and transport
properties of CeNi,Sn, and CePd:Sns,
thermopower behavior of Kondo anti-
ferromagnet compounds, and others.
The section on superconductors intro-
duces the reader to some new Hg-
cuprate superconducting compounds
and reports on the normal and super-
conducting state properties of the rare
earth intermetallic compounds CeRu,,
CeCo;, and YbsRh,S.

The 235-page hard cover Mag-
netic, Electric and Thermal Properties
of Rare Earth Compounds is available
for ¥11,300 (US$98.00) by contacting
the publishers: The Physical Society
of Japan, Rm. 211, Kikai-Shinko Bldg.,
3-5-8, Shiba Koen, Minato-ku, Tokyo
105 Japan; Tel: 03 3434 2671; Fax: 03
3432 0997. A

dering (optical properties) are con-
trolled remains somewhat elusive at
this point. The deposition of LaBs
coatings using different sputtering
techniques, now underway, may yield
favorable results.- A
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High T. Series 19 & 20

Studies of High Temperature Su-
perconductors Volumes 19 & 20 are
devoted to thermal properties and
tunneling studies of ceramic high tem-
perature superconductors. Volume 19
“Thermal Properties and some Miscel-
laneous Aspects of High Temperature
Superconductors” is made up of 6
chapters that contain not only ther-
modynamic data on rare earth super-
conductors, but various physical prop-
erties that experimental researchers
should find useful. All contributions
are from established experts in the
discipline of high temperature super-
conductors.

Chapter One is not only the long-
est chapter in the book, but also pre-
sents what is probably the most ex-
haustive analysis to date on the spe-
cific heat measurements of high tem-
perature superconductors (primarily
YBa;Cu30s-5 and BiySr:CaCuOs,) un-
der high magnetic fields. The next
chapter reviews the elastic behavior
of RBa2Cu307 (where R=Y, Sm, Gd,
Tb, Dy, and Tm) and Y-124 supercon-
ducting compounds. Chapter Three

reports on the specific heat on pure’

and substituted phases of high-T.
cuprates. The characterization of high-
T. compounds by various thermal tech-
niques such as thermogravimetry
(TGA), differential thermal analysis
(DTA) and differential scanning calo-
rimetry (DSC) is reviewed in Chapter
Four. The final two chapters deal with
the anomalous metallic phase and
high-T. superconductivity of Cu oxides,
and an investigation of effect and
mechanisms of low-energy neutron ir-
radiation on high-T. superconductors.

Volume 20 “Tunneling Studies of
High temperature Superconductors”
reports on the advances made using
scanning tunneling microscopy and
spectroscopy in studying these com-
pounds. The premier problems en-
countered in high-Te superconducting
compounds, ranging from the symme-
try of order parameter to tunneling-
based device engineering are covered
in seven chapters.

Both books were published in 1996,
were edited by Anant Narlikar, and
are hard cover bound. Each volume
contains a subject index. The cost to

receive the 256-page Volume 19 is
-

RIC News

Permanent Magnet Review

A review which deals with the defi-
nition and development of hard mag-
netic materials, by H. R. Kirchmayr,
Institute for Experimental Physigs,
Technical University Vienna, Wiedner
Haupstrasse 8-10, A-1040 Vienna, Aus-
tria, appeared in J. Phys. D: Appl.
Phys., 29, 2763-78 (1996).

“Permanent magnets and hard
magnetic materials” briefly discusses
the fundamental properties of all hard
magnetic materials based on their in-
trinsic and extrinsic properties. The
history of hard magnetic materials and
permanent magnets is topically intro-
duced with only a brief mention of the
important hard ferrites. The empha-
sis of the paper concerns the rare
earth intermetallic and rare earth
hard magnetic materials. The experi-
mental techniques that are utilized in
the measurement of the basic magnetic
properties, such as ordering tempera-
ture, magnetization, anisotropy field,
hysteresis loop, are discussed.

The magnetic materials that are
used in the production and experimen-
tation of permanent magnets includes
rare earth intermetallic compounds,
SmCos, Sm;Co,7, Nd:Fe,,B and re-
lated compounds. Modern permanent
magnet materials including modern
bonded rare earth cobalt magnets, sin-
tered and melt-spun Nd-Fe-B, and
hydrogen desorption disproportion-
ation recombination (HDDR) magnet
powder for bonded magnets is covered.
The most important aspect of perma-
nent magnets, however, is how they
will be used in their final form, and
the author discusses the applications
of modern permanent magnets in
static and dynamic devices, as well as
low and high-power devices. A look
into the future developments of mag-
nets with large energy products includ-
ing the research of modern rare earth
intermetallics is introduced.

The author uses 22 figures in the
paper to present various physical and

Continued in next column

US$89.00, while the 234-page Volume
20 is available for US$97.00. Orders
can be sent to Nova Science Publish-
ers, Inc., 6080 Jericho Turnpike, Suite
207, Commack, NY 11725 USA; Tel:
516 499 3103; Fax: 516 499 3146. A
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Magnetic Composite

A research team consisting of a
group from Nagoya University and
Nisshin Flour Milling Company, Ltd.,
Tokyo, Japan have developed a func-
tional structural ceramic material
which has magnetic particles grown in-
situ {Jpn, New Materials. Rept. XII,
(1] 2-3 (1997)}. The structural ceramic
is Ce-stabilized cubic zirconia (Ce-TZP)
and the magnetic particles are
La(Fe,Al);2040.

The composite is prepared from a
mixture of La(Fe,Al)O;, Fe,0; and
ALQ; particles. After sintering the
lanthanum compound at 1400°C, Al,O;
is added and the mixture is shaped.
and sintered again. The final step in-
volves adding Ce-TZP and sintering
again to obtain the completed compos-
ite. The La(Fe,Al);;0,s particles in the
composite have hexagonal symmetry.

Fracture and hardness tests indi-
cated that the material is strong and
tough. However, magnetic measure-
ments show a saturation magnetiza-
tion of 2.1 emu/g and a coercive force
of 11 kOe. The team suggests that an
application for the material could be
as an “intelligent” magnetic shield
which would be able to detect and lo-
cated cracks within it's own structure
by changes in the magnetic field of the
ceramic.

For more information, contact
Nisshin Flour Milling Company Ltd.,
(Nisshin Seifun), 19-12 Nihonbashi
Koami-cho, Chuo-ku, Tokyo, Japan;
Tel: 81 3 3660 3111; Fax: 81 3 3660
3870. A

w  Continued from previous column

magnetic properties of these materi-
als, chronology of magnet develop-
ment, phase diagrams of the Sm-Co
and Nd-Fe-B systems, crystal struc-
tures, and the comparison of demag-
netization curves of different perma-
nent magnets. The flow diagrams of
the major processing routes such as
the Magnequench and GM procedures
are included. The preparation of
bonded magnets, applications of mag-
nets based on the energy products,
and annual world production figures
of sintered and bonded Nd-Fe-B per-
manent magnets are nice touches that
will serve beginners as well as sea-
soned professionals in this field. A
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Rare Earths |1l

The third TMS symposium was
held during the TMS Annual Meeting
in Orlando, Florida, USA February 9-
13, 1997. The proceedings of this meet-
ing are published in Rare Earths: Sci-
ence, Technology and Applications III.
We have come to look forward to re-
ceiving the published proceedings
from this meeting as they contain
helpful information to anyone involved
with rare earths. The topics that were
presented at the meeting deal with
current and potential uses of rare
earths worldwide. Topics of the meet-
ing included separation and process-
ing, battery and materials chemistry,
magnets, melts and metals reduction,
and applications and markets.

The first section, “Separation and
Processing” contains five papers that
discuss topics from basic separation
of rare earth minerals such as mona-
zite, the secondary separation of rare
earths, to the preparation of DyCl; and
o phase Nd:Fe, B nanocomposites via
mechanical milling. “Battery and Ma-
terials Chemistry” covers this impor-
tant field with three papers that de-
scribe rare earth and mischmetal hy-
drides, and two papers that present
results of rare earth laser fluorites
and the characterization of surface
films. Four papers make up the sec-
tion on “Magnets” and review the gi-
ant magnetostrictive materials, Nd-
Fe-B powders for bonded magnets, and
corrosion and factors that affect coer-
civity in rare earth permanent mag-
nets. “Melts and Metals Reduction”
deals with the electrolysis of neody-
mium oxide as well as the magnetic
properties of NdFeB melt spun rib-
bons and filaments. The final section,
entitled “Markets and Applications”
should interest those involved with
providing materials and developing
new markets for rare earths.

The book reports that since the
late 1970s, the mixed rare earth ele-
ment applications market has been
growing at a rate of 10 to 15% per year,
whereas the markets for separated
rare earths have not yet experienced
that growth, but are poised for mar-
ket expansion in the 21% century. The
predominant applications for mixed
rare earths are:metallurgical additives

Continued in next column wr

w Continued from previous column
for ferrous and nonferrous metals,
fluid cracking catalysts, lighter flints,
glass industry as polishing compounds
and as additives, and carbon arc cores
for lighting. New markets that can ex-
pect growth are: colored pigments such
as those used in plastics and paints,
new catalytic materials, refrigeration,
and solid oxide fuel cells.

The 275-page Rare Earths: Sei-
ence, Technology & Applications III
was published in 1997 and is indexed
by subject and author. The book can
be ordered by contacting The Miner-
als, Metals & Materials Society, 420
Commonwealth Drive, Warrendale, PA
15086 USA; Tel: 412 776 9000 and 800
759 4867. List price is US$60.00,
US$45.00 for TMS members, and
US$33.00 for students. Shipping for
single copies is US$5.00 for domestic
orders and US$15.00 overseas, mul-
tiple copies can be sent at a reduced
per copy rate. A

lon Exchange 50*

Fifty years ago, In 1947, F.H.
Spedding and coworkers at Ames Labo-
ratory demonstrated in a series of
three landmark papers {J. Am. Chem.
Soc., 69, 2777-81, 2786-92, 2812-18
(1947)} that ion exchange is a practi-
cal method for the separation and pu-
rification of large quantities of rare
earths. The papers describe the pro-
cedure used to separate cerium, yt-
trium, neodymium and praseodymium.
In addition, the papers also describe
pilot plant scale operations and are
models even today. Prior to their work,
ion exchange was considered useful for
separating and purifying rare earths
only in small quantities. Among their
other contributions, Spedding et al.
also published “Improved ion exchange
method for separating rare earths in
macro quantities” in 1948, and “Large-
scale separation of rare earth salts and
the preparation of the pure metals” in
1949. A

RIC Database

The total number of documents referenced in our system is now over

88,000. The documents are stored as citations in the RIC data base and
represent books, journal articles, government, company, and laboratory
reports, patents and theses which contain information on rare earth met-
als, their alloys and compounds. A typical citation from a search contains
the author(s) name(s), title of paper or contribution, reference line, and
keywords that we have assigned to the citation after we have reviewed the
document (see below).

MAJOR-SOSIAS;MA
Rare earths: an industry review and market outlook
Elements, Vol. 6, [2], 10-19(1997)

1997 RARE-EARTH INDUSTRY MINERAL
RESERVES PRODUCTION CONSUMPTION MINING
APPLICATION IMPORT-EXPORT CATALYST PERMANENT-MAG
CHINA UNITED-STATES JAPAN PRICES

MARKETS ABUNDANCE

The minimum cost to receive the results of a computer search is
US$50.00 (for 25 citations and US$2.00 for each citation over 25 per search).
However, many organizations become supporters which allows them to not
only receive as many searches as needed for one year, but as an added
benefit, they receive the monthly two-page newsletter RIC Insight. RIC
Insight provides a provocative view into recent developments of rare earth
science and technology and how these may impact the rare earth industry.
The cost to become a supporter is US$100.00 for an individual, or US$300.00
for a corporate membership.

Send requests to: Rare-earth Information Center, 112 Wilhelm Hall, Iowa
State University, Ames, IA 50011-3020 USA; Tel: 515 294 5405; Fax: 515 294
3709; ric@ameslab.gov. A
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1997 Supporters "
******w*********Eﬁ************* RE “Ignltlon“ Lasers
Sirice the March issue of the RICNews  Edge Technologies, Inc., USA (9) Scientists at Lawrence Livermore

went to press, RIC has received support
from 5 new family members and
renewed support from 38 other
organizations and individuals. The
supporters from the fourth quarter of
the 1997 fiscal year who wish to be listed,
grouped according to their appropriate
category, and with the number of years
that they have contributed to the Center
in parenthesis, are listed below.

Benefactor ($10,000 or more)

Donor ($4000 to $9999)

Sponsor ($2000 to $3999)
Shin-Etsu Chemieal Co. Ltd.,
Japan (28)

Wako Bussan Co., Ltd., Japan (29)

Patron ($1000 to $1999)

Meldform Metals Ltd., England (8)
R.E.M. s.p.r.], Belgium (4)

The Chinese Society of Rare Earth,
People’s Republic of China (13)
The Society of Non-Traditional
Technology, Japan (9)

Treibacher Auermet
Produktionsges m.b.H, Austria (26)

Sustaining ($400 to $999)

A/T Products Corp., USA (18)
Albright & Wilson Americas, USA
(10)

Astronautics Corp. of America,

USA (12)

Daiden Company Limited, Japan (5)
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Writer

Ferro Corporation, USA (22)
GFS Chemicals, Inc., USA (5)
Lockheed Martin Research Corp.,
USA (10)

Sumikin Molycorp, Inc., Japan (5)
Ugimag AG, Switzerland (13)
TUSR Optonic Inc., USA (27)

‘Contributor (less than $400)

Applegate Group, Inc., USA (11)
Crucible Materials Corp., USA (24)

'CTI, Inc., USA (2)

Dema Pty. Limited, Australia (7)
Future Industrial Limited,

Hong Kong (3)

GE Lighting, USA (22)

Hi-Z Technology, Inc., USA (4)
Kulicke and Soffa Industries, Inc.,
USA (1)

Moscow Narodny Bank, United
Kingdom (1)

PROCHEM, INC., USA (4)
Stanford Materials Co., USA (3)
Stonegate International, Inc.,
USA (3)

Symyx Technologies, USA (1)

The Royal Institute of Technology,
Sweden (1)

Wheeler Associates, USA (12)

Tadaaki Amano, Japan (3)
H. Tracy Hall, USA (2)

J. J. Lin, USA (3)

Nicolas Vinas, Argentina (1)

Dept. of Industry, Science and
Tourism, Australia (10)

Laboratory, Livermore, California, and
the Naval Research Laboratory, Wash-
ington DC, are preparing to build la-
sers that are capable of delivering high
power to a hydrogen “target” by using
lightning-fast pulses {Science, 275,
1569 (1997)}. The new high power la-
sers are required to start the fusion
reaction in an inertial-confinement fu-
sion power plant.

The advantage of hot-fusion reac-
tors is that they would produce more
energy than they consume, provided
that a battery of powerful lasers can
compress a hydrogen “pellet” suffi-
ciently so that it can self-sustain a ther-
monuclear burn. However, current
Neodymium-glass lasers heat up much
too quickly and cannot dissipate the
massive amount of heat generated dur-
ing the repetitive lasing cycle neces-
sary for thermonuclear ignition.

The new lasers to be used in the
fusion reaction will be a new genera-
tion of Ytterbium-doped strontium
fluorapatite, which can not only dissi-
pate heat faster than Nd glass, but can
store four times as much energy. The
new laser will also be pumped with la-
ser diodes, which produce light in a
narrower band of frequencies that
more closely match that of the beam
they would feed, which will increase la-
ser efficiency. The new rare earth la-
ser should be operational by 1999, and
hopefully, will pioneer in a new age of
power generation early in the next cen-
tury. A
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