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GRrASSROOTS GENIUS

BY KEVIN SANDERS

Over 10,000 readers sent in suggestions—practical,
playful and profound—for using Nitinol, the miracle
metal. Here are their best and brightest proposals.

Nitinol is indeed a miracle metal—it
transformed 10,000 Science Digest read-
ers into wildly imaginative inventors.

A nickel-titanium alloy, Nitinol has
an unexplained temperature-activated
“memory’: it turns soft and pliable when
cooled but springs back to its original
shape when heated. An engine made with
the metal needs only warm water for fuel.

Last October we offered readers a sam-
ple of Nitinol in return for any ideas they
might have for using the metal. Within a
month our offices were flooded with re-
sponses. Evaluating the deluge of ingenu-
ity took longer than expected; each re-
sponse was carefully studied by a Science
Digest editorial board, by Kevin Sanders,
science editor for Cable News Network
and author of our original Nitinol article,
and by physicist Bob Turpin, formerly of
the Lawrence Berkeley Laboratory,
where the first working model of a Ni-
tinol engine was designed.

The Nitinol sample that our readers re-
ceived was a strip of wire a few inches
long and about ten-thousandths of an
inch thick. The best way to demonstrate
its shape-memory response is to wrap the
wire around a pencil, being careful not to
knot it or bend it too sharply—Nitinol
can be permanently deformed if stressed
beyond certain limits. At room tempera-
ture, the Nitinol sample is already in the
ductile state and will remain coiled. But if
you slide it off the pencil and dunk it into
some fairly hot water, the wire will spring
straight. You can also create the same ef-
fect by brushing the coiled wire over a
match flame. Don’t overheat the metal,
though, or it will permanently reanneal
into a different shape.

Nitinol can be manufactured to re-
spond within different temperature

Kevin Sanders, science editor for Cable News
Network, covered Nitinol in a TV news series.

WHERE TO GET IT

Perhaps the biggest obstacle in the
design and development of Nitinol
heat engines—and any other Nitinol
device—has been the unavailability of
the material.

In the mid-Seventies, the Timet
Company of Toronto, Ohio, manufac-
tured and sold in bulk for general dis-
tribution a fine, smooth, clear melt of
Nitinol. Most of the Nitinol in circula-
tion today can be traced to that single
Timet supply (Batch #V4906). In
1978 Timet officially stopped produc-
tion, and until very recently virtually
no Nitinol has been available to inde-
pendent inventors and researchers.

The U.S. Navy’s Nitinol Research
Center at the Naval Surface Weapons
Center in Maryland produces Nitinol
for government-approved projects and
will provide small samples free of
charge to serious inventors.

In Menlo Park, California, the Ray-
chem Corporation has been working
with Nitinol for more than 10 years
and has reportedly invested several
million dollars in research and devel-
opment. Much of their work remains
unpublished, including information on
the reported development of a Nitinol
heat engine. Details remain propri-
etary and Raychem has officially dis-
continued Nitinol heat-engine re-
search. However, Raychem’s Richard
Yaeger says the company will consid-
er, evaluate and make proposals on
Nitinol heat engines if anyone com-
missions them to. The company does
not make its Nitinol available for out-
side research.

Another private research and devel-
opment laboratory in which Nitinol
has been investigated for many years is
the Battelle'Memorial Institute in Co-
lumbus, Ohio, best known as the
birthplace of the Xerox copier. The
head of their Nitinol research project,
Dr. Curtis Jackson, revealed last year
that work on Nitinol engines at Bat-
telle began as far back as the late Six-
ties. A tabletop engine was developed
at Battelle in 1968, but work was offi-
cially discontinued and until last year
remained unpublished and unavail-
able. Battelle is continuing work on
Nitinol applications and undertakes
special research and development pro-
jects as required. However, Battelle
maintains its Nitinol for in-house use.

Recently, however, Nitinol has be-
come available from two new sources.

Nitinol Devices (1435 View Point,
Escondido, California 92027), a group
of independent Nitinol researchers
who have formed a company for the
production of Nitinol, now sells wire
at sixty-five cents a foot (minimum or-
der, $5) while supplies last.

In New Hartford, New York, the
Special Metals Corporation, a division
of Allegheny International, has just
begun large-scale production of Ni-
tinol for commercial distribution. Dr.
Walter Johnson, the company’s metal-
lurgist in charge of Nitinol produc-
tion, says they can now fill orders for
special supplies of Nitinol manufac-
tured to specific transition tempera-
tures and to required forms (wire,
plate, ribbon, tubing, etc.).
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ranges by slightly altering the near-equal
proportions of nickel and titanium. It is
possible to produce Nitinol that will re-
spond to differences between cool and
cold. Another variation responds to tem-
perature differences between hot and boil-
ing. Inventors and engineers planning ex-
periments with Nitinol must therefore
stipulate to manufacturers the desired
temperature-transition range.

The Nitinol used in the readers’ sam-
ples was designed to respond within the
above-room-temperature range. This type
is especially suitable for temperature-acti-
vated valves and switches in automatic
fire-extinguishing systems. We received
more than 100 letters with recommenda-
tions having to do with fire-warning and
protection devices. But most of the ideas,
designs and suggestions our readers sent
in would require Nitinol that reacts with-
in room-temperature range.

Suggestions ranged from the playful to
the profound. A majority of the schemes
and devices proposed already exist in
some form. But other highly original sug-
gestions not yet patented and a number of

Nitinol engines could
run swiftly in space,
tapping the temperature
differences between
sunlight and shadow.

specific refinements to existing Nitinol
technology merited special attention.
From the 10,000 letters received, our ex-
perts picked the top 10 suggestions:

1. Nitinol-powered space colonies. ‘A
dozen readers proposed using Nitinol as a
power element in space vehicles. Because
of temperature extremes in the atmo-
sphere-free environment of space, Nitinol
engines could probably run with consid-
erable speed, harnessing the differences
between sunlight and shadow.

2. Nitinol “claws” for automobile tires.
One ingenious plan detailed a skidproof
tire wherein heat produced by friction
during extreme braking would activate
teeth in a band of high-temperature-re-
sponse Nitinol designed to grip the road-
way. Such a tire would probably work,
but it might be tough on the road surface.

3. We received a number of schemes for
Nitinol-controlled thermostats aimed at
preventing infants from being scalded
with hot tap water. We also received an
elegantly simple proposal from Denmark
for a Nitinol-controlled valve that con-
serves energy by automatically separating
hot waste water from cold.

PIONEER PATENTS

Many Science Digest readers who
submitted ideas for Nitinol devices
have been anticipated by the hundred
or so inventors who hold patents for
Nitinol applications. Dozens of read-
ers proposed devices closely resem-
bling the original patent for a Nitinol
energy conversion system granted to
William Buehler and David Goldstein
at the U.S. Navy’s Naval Ordnance
Laboratories in 1968 (see below).

Other devices proposed by Science
Digest readers for which patents have
already been granted include:

Erectable structures for space, tem-

perature-indicating devices, thermo-
static switching devices and overheat-
control systems, temperature sensors,
temperature monitors, electronic tem-
perature regulation systems, tempera-
ture-responsive valve operators, intra-
uterine contraceptive devices,
automobile thermostats, cryogenic
connectors, prosthetic pumps, high-
speed shutters, resettable fuses, heat-
ed-wire servomotor control systems,
heat-releasable locks, a method for
plugging an aperture with heat-recov-
erable plugs, heat-recoverable connec-
tions and orthodontic braces for teeth.

Detail from
a patent drawing

THE NITINOL PAPERS

Despite a keen and growing interest
in Nitinol, the metal remains little
known outside the scientific and engi-
neering communities. Although tech-
nical literature is abundant and avail-
able, it is difficult to locate through
conventional guides to periodical liter-
ature. Here is a sampling of recent
publications:

A Source Manual for Information on
Nitinol, Goldstein. Naval Surface
Weapons Center, 1980 (NSWC-TR
80-59).

Proceedings of the Nitinol Heat Engine
Conference, Goldstein and McNa-
mara. Naval Surface Weapons Center,
1979 (NSWC-MP 79-441).

Limited supply of both available free
from the Nitinol Technology Center,
Naval Surface Weapons Center, Code

CR-32, White Oak, MD 20910.

55 Nitinol—The Alloy With a Memo-
ry, Jackson, Wagner and Wasilewski.
NASA, 1972 (NASA-SP 5110).
Available from the National Technical
Information Service, 5285 Port Royal
Road, Springfield, VA 22161.
‘““Nitinol Heat Engines,” Ginell,
McNichols and Cory. Mechanical En-
gineering, May 1979.

“Shape Memory Alloys,” Schetky.
Scientific American, November 1979.
“Some Applications for Shape Memo-
ry Alloys,” Wayman. Journal of Met-
als, June 1980.

“An Approach to Nitinol Power Plant
Cost Analysis” (using McDonnell
Douglas module), McNichols, Cory
and Curtis. Journal of Energy, Spring
1982.
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4. A simple but probably viable pump-
ing valve was one of many similar sugges-
tions for using Nitinol to drive fluids
along pipelines.

5. More than a dozen readers concoct-
ed collapsible cookware (presumably for
backpackers and hikers). The cost of Ni-
tinol might be a problem, but if Nitinol
were used only in the collapsible joints,
the results could be economical.

6. Readers outlined about 20 different
ways to use Nitinol as a temperature-acti-
vated damper in fireplaces. A variation
on the same principle appeared in a num-
ber of designs for solar-operated Nitinol
devices that would automatically open
and close blinds and louvers.

7. A large and inventive group devised
ice-cube dividers that when heated would
twist or buckle the cubes free from the
tray. Their design is problematical and
pricey, but it could work.

8. Several designers created bottle tops
and jar lids that could be secured or re-
leased by cooling or heating the Nitinol
clip or seal. (The man who invented the
pop-top beer can made more from that

Only one reader proposed
using a collapsible
Nitinol ship model that
could be put in a bottle,
heated and re-erected.

single invention than Thomas Edison
made from all his inventions combined.)

9. One highly original reader suggested
using the heat of traffic lights to activate a
Nitinol “chime” for the blind. Although
no mechanical details accompanied the
proposal, the idea appears feasible.

10. Bizarre and imaginative ideas for
toys, tricks and novelties—coffee stirrers,
removable teeth braces, space hammers—
poured in. But surprisingly, we received
only one suggestion for using a collapsible
Nitinol ship model' that could be slipped
in a bottle when cold and re-erected with
warm water. (NASA is working on a
scheme using the same principle for col-
lapsing large antennas for transport into
space, where the heat of the sun would
reopen the structure.)

11. One more, just for fun. We got
nearly 20 schemes for Nitinol mouse-
traps. Sorry, none would work.

Nitinol fires the imagination, defies
classification and seems to flout the laws
of physics. It holds out the promise of an
engine that could pay for itself in only a
couple of years—and be running even bet-
ter for our grandchildren. (]

REWRITING PHYSICS

The discovery of Nitinol caught sci-
entists in some theoretical disarray.
They were confronted with two rather
amazing facts. Nitinol has a shape
memory—it returns to its original
shape after being twisted, then heat-
ed—and it develops double memory,
“learning” to reassume its twisted
shape as well as its original shape. Ni-
tinol researchers—nuclear physicists,
metallurgists, engineers, crystallogra-
phers, thermodynamicists, mathema-
ticians and others—have found them-
selves unexpectedly involved in a
sometimes acrimonious debate over
what makes Nitinol tick.

Perhaps the most remarked-upon
statement in our October 1981 article
was a comment by theoretical physi-
cist Elizabeth Rauscher, of the Uni-
versity of California, Berkeley. She
said of the unique double-memory
phenomenon, “There’s nothing wrong
with the laws of thermodynamics; it’s
just that they don’t account for what’s
going on with Nitinol.”

Her remarks prompted a number of
thoughtful and critical letters from
scientists in several different disci-
plines. The comments of Professor
Jerry Goodison, of the chemistry de-
partment of Syracuse University, were
typical. He wrote:

“Perhaps a creative way to use Ni-
tinol would be to form some into a
stick or club to rap Dr. Elizabeth
Rauscher . . . on the head or knuckles
for her statement that the laws of ther-
modynamics ‘do not account for
what’s going on with Nitinol.” Aside
from the fact that thermodynamic
laws never account for anything or ex-
plain anything, but merely describe or
restrict phenomena on a macroscopic
level, the fact that more force is re-
leased when Nitinol goes straight than
was required to bend it cold is a beau-
tiful, not to say classic, illustration of
the second law of thermodynam-
ics. . ..

“It is well known that engines in use
today are very far from operating at
the theoretical thermodynamic effi-
ciency. Thus, Nitinol engines could
provide a great improvement on pres-
ent engines without violating any ther-
modynamic laws. As mentioned
above, thermodynamics makes no ref-
erence to what is actually happening
on a molecular level. Such explanation
of shape memory will be very interest-
ing and not easy to find. Nitinol cer-

tainly has some exciting properties,
and the article in Science Digest was
informative and stimulating.”

Rauscher stands by her statement,
although she observes that her re-
marks in the article were abbreviated.
In reply to Goodison, she writes:

“I agree that the classic laws of
thermodynamics are not violated by
the phase change in Nitinol. However,
in my original statement I had gone on
to relate the shape-memory and dou-
ble-memory phenomena in Nitinol to
what is called ‘catastrophe theory,” in
which nonlinear, nonequilibrium be-
havior like that in Nitinol is explained
by a different formulation closer to
that advanced by Ilya Prigogine in
Belgium. Prigogine won a Nobel Prize
a few years ago for his original work in
thermodynamic theory. He developed
a model for electron-phonon interac-
tion—which is what seems to be hap-
pening in Nitinol—that would accom-
modate a transaction along pathways
other than those involved in classical
thermodynamics (a phonon is a unit of
vibrational energy). Further work on
heat engines should help us under-
stand the processes involved in the
unique energy conversion observed in
Nitinol.”

A word or two about Ilya Prigogine
is in order. It has been said that his
theory of dissipative structures may
prove as important a breakthrough to
science in general as the theories of
Einstein were to physics.

When Prigogine won the Nobel
Prize in 1977, both he and his theory
were little known outside a small cir-
cle of scientists seeking bridges be-
tween physics and biology and looking
for unifying patterns. Since then his
ideas have become the subject of in-
tense interest and some controversy.
Prigogine argues that dissipation of
energy can create a reordering in
which a system “relaxes upward” into
a higher level of complexity and co-
herence, where “the nature of the laws
of nature changes.” These shifts are
sudden and nonlinear, caused by mul-
tiple factors acting on each other si-
multaneously.

Rauscher and a number of other Ni-
tinol researchers think Prigogine’s the-
ory accommodates the double-memo-
ry phenomenon more comfortably
than do the laws of thermodynamics
that they learned at school.

-K.S.
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