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Sturdy, Stackable Natural
Beechwood Bookshelves

At a price you would expect to pay for plastic!

For Fast ‘

Stack them. . .they’re interlocking

: Elchdesf‘r:e-edmndmglou:l‘l(tlsg'l% l\:r%:ls%'dx”'hand
- is to interlock and stac! means you can
24 Houvs-?’é')gcsc:w&u?wl?&gru"sg I\Z'Bastz-seos your own wall unit! And if you move, just

Perfect for books,

.
display or storage

This quality shelving system is made of natural
European beechwood. A hard wood tough enough
to be used for flooring and beautiful enough to
be used for fine furniture. Do not confuse this item
with “wood tone” or plastic imitations. Our low
price is made possible by volume purchases, not
by inferior material.

Sets up in seconds. ..
without tools!

No tools, screws or glue required. Just take it
out of its flat carton, fold the sides out, and the
shelves practically fall into place. And, natural
beechwood is attractive. . . even unfinished. So the
unit can be used immediately. Of course, you can
also stain, varnish, or paint them if you prefer.

‘mm 2. Lower shelves - You're donel
Ready to inter-
bl lock and stack!
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NOW ONLY
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AVAILABLE BY MAIL ONLY

Barnes & Noble

Booksellers Since 1873
Dept H263. 126 Fifth Ave . N.Y. N.Y. 10011

1066018. Please send me__sturdy beechwood shelf
unit(s) at your special sale price of $39.95 (plus $6.95
shipping and insurance, per unit). N.Y.and N.J. Residents:
Please add sales tax

Name

Address

City

State Zip
Charge It O VISA O AMEX O mc

Account # Exp.

Signature

30 Day Money-Back Guarantee

Our low price for this European import is only $39.95
per unit (plus $6.95 shlppmf and insurance per unit). .
probably less than you wo d have to pay for a compu
able unit in plastic. And as with all items you purchase
by mail from Barnes & Noble, you may return it within
30 days for a full refund or credit to your charge card.




The Critical Interval

There has long been a need in the industrial world for
low-cost, high-performance permanent magnets. Discoveries
at the General Motors Research Laboratories have led the
way toward meeting this challenge by the application of new
preparation techniques to new rare-earth magnetic materials.
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Coercivity of ProFeos plotted as a function of
disc surface velocity.

Color-enhanced transmission electron micrograph
of melt-spun Nd Feqs having 7.5 kQe coercivity.

I WO properties characterize

desirable permanent mag-
nets: large coercivity (magnetic
hardness or resistance to demagnet-
ization) and high remanence (mag-
netic strength). Higher-performance
magnets are required to reduce fur-
ther the size and weight of a wide
variety of electrical devices, includ-
ing d.c. motors. Such magnets are
available, but the cost of the mate-
rials necessary to produce them
severely limits their use. The research
challenge is to select, synthesize,
and magnetically harden economi-
cally attractive materials of com-
parable quality.

Prominent among alternative
materials candidates are alloys com-
posed of iron and the abundant light
rare earths (lanthanum, cerium,

praseodymium, neodymium). In-
vestigations conducted by Drs.
John Croat and Jan Herbst at the
General Motors Research Labora-
tories have led to the discovery of a
method for magnetically hardening
these alloys. By means of a rapid-
quench technique, the researchers
have achieved coercivities in Pr-Fe
and Nd-Fe that are the largest ever
reported for any rare earth-iron
material.

Drs. Croat and Herbst selected
praseodymium-iron and neodym-
ium-iron based upon fundamental
considerations which indicate that
these alloys would exhibit proper-
ties conducive to permanent magnet
development. These properties
include ferro-magnetic alignment
of the rare earth and iron magnetic
moments, which would foster high
remanence, and significant magnet-
ic anisotropy, a crucial prerequisite
for large coercivity.

That these materials do not
form suitable crystalline com-
pounds, an essential requirement
for magnetic hardening by tradi-
tional methods, presents a major
obstacle. Drs. Croat and Herbst
hypothesized that a metastable
phase having the necessary prop-
erties could be formed by cooling a
molten alloy at a sufficiently rapid
rate. They tested this idea by means
of the melt-spinning technique, in
which a molten alloy is directed onto
a cold, rotating disc. The cooling
rate, which can be varied by chang-
ing the surface velocity of the disc,




can easily approach 100,000°C per
second. The alloy emerges in the
form of a ribbon.

I hE researchers found that

variations of the cooling rate
can dramatically affect the mag-
netic properties of the solidified
alloys. In particular, appreciable
coercivity is achieved within a nar-
row interval of quench rate.

Equally remarkable, synthe-
sis and magnetic hardening, two
steps in conventional processing,
can be achieved simultaneously.

“X-ray analysis and electron
microscopy of the high coercivity
alloys reveal an unexpected mixed
microstructure,’ states Dr. Croat.
“We observe elongated amorphous
regions interspersed with a crys-
talline rare earth-iron compound”

Understanding the relation-
ship between the coercivity and
the microstructure is essential.
The two scientists are now studying
the extent to which the coercivity
is controlled by the shape and com-
position of the amorphous and
crystalline structures.

“The development of sig-
nificant coercivity is an important
and encouraging step,” says Dr.
Herbst, “but practical application
of these materials requires improve-
ment of the remanence. Greater
knowledge of the physics governing
both properties is the key to meeting
the commercial need for permanent
magnets.’

TECHNOLOGY UPDATE: 1987

Subsequent to the research reported
above, Drs. Croat and Herbst added
boron to neodymium-iron as a
glassifier to increase the formation
of the elongated amorphous regions
they had observed in the material.
They reasoned that shape anisotropy,
and thus coercivity, was related to
the presence of these amorphous
micro-needles.

They discovered that the addi-
tion of boron promoted the forma-
tion of a previously unknown ternary
compound: Nd,Fe,,B. Its atomic
magnetic moments are arranged so
that this compound has a large mag-
netization. At the same time, the
researchers found that, compared
with neodymium-iron, coercivity
had risen from 8 to 20 kOe, and
that the magnetic energy product
had increased by a factor of seven.

On March 31, 1987, General
Motors dedicated a new Delco Remy
plant in Anderson, Indiana for the
production of magnetic material and
finished magnets made from
Nd,Fe,,B under the commercial
name MAGNEQUENCH.

General Motors

THE
MEN
BEHIND
THE
WORK

Dr. John Croat and Dr. Jan Herbst
did their original work on rare-earth
magnetic materials when both were
Staff Research Scientists in the
Physics Department at the General
Motors Research Laboratories.

Dr. Croat (right) holds a Ph.D.
in metallurgy from lowa State Uni-
versity. In 1984, he joined GM'’s
Delco Remy Division to stabilize the
melt-spinning process for the com-
mercial production of MAGNE-
QUENCH materials. He is currently
Chief Engineer at the Indiana plant.

Dr. Herbst received his Ph.D.
in Physics from Cornell University.
He is now a Senior Staff Research
Scientist and Manager of the Mag-
netic Materials Section in the Phys-
ics Department of the GM Research
Laboratories. His research interests
also include photo-emission theory,
the physics of fluctuating valence
compounds, and superconductivity.

Dr. Croat joined General
Motors in 1972; Dr. Herbst in 1977.




