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Liquid Lithium Experiments
Underway On CDX-U

By Anthony DeMeo

mong the greatest technological challenges in the
creation of a practical fusion power reactor is the
development of the so-called “first wall.” This is the
material surfacesurrounding thehot fusion plasma, which
physicists estimate will be subject to power densitiesin
excess of 25 million watts per square meter from fusion
neutrons, escaping plasmaparticles, andradiation. Present
designs call for a lithium _ ,
blanket behind thefirstwall.
Fusion neutrons will react
with the lithium to produce
tritium that would be ex-
tracted and used as fusion
fuel. Theseneutronswill also
react with the materials in
the first wall itself, produc-
ing radioactiveisotopes (ac-
tivation) and causing chemi-
cal changesthat may lead to
itserosion and loss of struc- i
tural integrity.
Experiments now in
progress on the Current
Drive Experiment-Upgrade
(CDX-U) may eventually
yield a revolutionary solu-
tion to this materials prob-
lem, and, of equal impor-
tance, may demonstratetech-
niquesfor improved plasmaperformanceinthenear term.
Thework, performed in collaboration withthe University
of California, San Diego; Oak Ridge Nationa Labora-
tory; Sandia National Laboratory; and others, involves
studies of the interactions between plasma and liquid
lithium. A liquidfirst wall would not besubject tothekind

of damage asolid wall can experience, and would be able
to handle higher heat loads. While present experiments
are focusing on the near-term physics advantages, physi-
cistsenvisiontheuse of flowing liquid lithium asthefirst
wall in afusion power reactor.

Bob Kaita, who isleading the effort on CDX-U with
Dick Mgeski, noted that “the use of a flowing liquid
lithiumwall can potentially
eliminate the erosion prob-
lem becausethewall iscon-
tinuously renewed. Further-
more, it may resultinasub-
stantial reduction of activa-
tion because neutrons will
no longer react with materi-
alsthat stay fixed in asolid
first wall structure.” Kaita
I went on to point out that
lithium can withstand the
onslaught of 25 million
watts of power per square
meter, and it may be ableto
soak up the helium that is
produced in the deuterium-
tritium fusion reactions,
which must be removed
from the plasma.

Asremarkable as these
potentia benefitsseem, they
arenot theend of thestory. Significant physicsadvantages
may also accrue, including control of the plasma oscilla-
tions and “kinks’— instabilities that can destroy plasma
confinement. Experiments on the former Princeton Beta
Experiment-Modification at PPPL and other tokamaks
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demonstrated that aconductingwall inhibitsthese plasma
instabilities. Liquidlithium could a so serveasaconduct-
ingwall, andif thelithiumflowsat ratesof 10to 20 meters
per second, itsability to stabilizethe plasmamay actually
improve.

Limiters are metal surfaces that are specially de-
signed to protrude from the vacuum vessel wall toward
the edge of the plasma. Their job isto prevent the plasma
from striking the vacuum chamber and sputtering impu-
rities, especially heavy metas, into the plasma. Meta
atoms soak up energy and radiate it away, causing the
plasma temperature to drop.

In principle, plasma particles (deuterium ions) strik-
ing the limiter plates are neutralized and return to the
plasmawherethey again becomeionized. Thisrecycling
tendsto cool the plasma edge, and it limits the ability to
achieve beneficial operational modes that require a hot
plasmaedge, such asthe“H Mode,” or high confinement
mode. A liquid lithium wall may be the solution because
of its capability for absorbing plasma particles. The
reduction of the recycling due to the lithium would help
establish the hot plasma edge needed for high confine-
ment modes.
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“For me the most exciting aspect of these experi-
mentsisthechancetoinvestigatethebehavior of plasmas
with a new and different type of boundary. Experience
from TFTR [Tokamak Fusion Test Reactor] and other
experiments al over the world tells us that when we
change the wall conditions, we change the plasma con-
tained by thewall,” said Majeski. CDX-U researchersare
hoping that the use of lithium asawall material will lead
to new and improved modes of plasma operation.

In preparation for lithium experiments which began
last fall, a portable handling assembly was designed and
built by the University of California, San Diego. The
device, which resemblesagun carriagefound on abattle-
ship, can be wheeled out of the CDX-U area and taken
downtheL-Wingfreight elevator toaseparatel ab equipped
for fueling and maintenance. The handling assembly
containsauniquerail limiter on aretractable probe. The
rail limiter consists of a cylindrical surface about 20-cm
long and 5-cmwide. Becausethelimiter isacylinder, the
areain actual contact with the plasmais a strip about a
centimeter wide.

A stainless steel mesh covers the limiter. Lithium
melts at about 181 degrees Celsius and is liquified in a
reservior above the stainless steel mesh. As lithium is
dripped on the mesh, it is auto-
matically soaked up and spreads
across the surface of the mesh.
This is because liquid lithium
resembles mercury, and like
mercury, it has a high-surface
tension. The rail limiter can be
heated upto 300 degreesCelsius
toinsurethat thelithium contin-
uestoflow evenly over themesh
surface.

Lithium, like other alkali
metals, reacts vigorously with
water, including moistureinthe
air. Consequently, limiter fuel-
ing is performed in a glovebox
containing argon, an inert gas.
Thelimiter isthen brought tothe
CDX-U areaand inserted in the
vacuum vessel viaadoublegate
valve airlock system. When the
rail limiterisinposition,itforms
the upper limiting surface for
the plasma.

During the fall of 2000,
CDX-U staff successfully dem-
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onstrated the safe and efficient handling of lithium. Ex-
periments underway during the latter part of 2000 were
conducted with solid and liquid lithium
limiters. During these preliminary tests
there was evidence that the lithium was
interacting with the plasma. Bands of
very bright light around the limiter indi-
cated that lithium wasbeing driven off its
surface.

Datafrom spectrometersshowed that
there was an influx of lithium into the
core of theplasma. Thiscaused energy to
be radiated out of the plasma, not at a
level detrimental to confinement. After
each experiment, when the lithium was
cooled, a coating was found on the lim-
iter. CDX-U scientists believe that this
waslithium hydroxide, whichwasformed
when the hot lithium interacted with the
small amount of water vapor that was
inside the vacuum chamber. They were
able to remove the coating by bombard-
ing the limiter with argon ionsin a pro-
cess called “ glow discharge cleaning.”

M easurementsweremadeof thelight
from the deuterium atoms near the lim-
iter, and the “pumpout rate” of the deute-
rium after a plasma was formed. They

showed that while recycling was reduced, it was not
completely eliminated.

In the lithium rail limiter experiments, the plasma
interacted mostly with parts of the machine not contain-
ing lithium, including limiters made of boron carbide on
the center column and on the bottom of the vacuum
vessdl.

Inthe next seriesof CDX-U lithium experiments, the
area of the plasma-lithium interaction will be increased
from the modest 20 cm,? to 1900 cm.? Researchers will
employ a“belt” or “tray” limiter that will rest all the way
around the bottom of the vacuum vessel, below theentire
plasma.

Using thissetup, Current Drive Experiment-Upgrade
researchers will investigate plasmas which will indeed
interact primarily with alithium surface. Scientists hope
that the operational experience and knowledge gained
fromtheseand subsequent lithiumexperimentson CDX-U
will greatly advance the physics and technology base for
liquid metal first walls, a potentially critical element for
the realization of practical fusion power plants|later this
century.
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Redi Chairs APS-DPP Committee for WWomen

PPL physicistMartha

Redi wasrecently ap-
pointed Chair of theAmer-
ican Physical Society-Di-
vision of PlasmaPhysics
(APS-DPP) Committee
for Women in Plasma
Physics (CWPP). The
new committee was for-
med last year.

“Plasmaphysicsisa
field in which women
have not found much suc-
cess compared to other
fields of physics. APS-
DPPbecameawareof this
last year and formed the
committeein an effort to
improve the environment
for women and to work for equitable opportunities for
them in the field,” said Redi, who has been active in
speaking for thewomen of the Divisiontothe APS-DPP
Executive Committee and has organized get-togethers
for the women at the Annual Meeting for several years.

An APS-DPP ad hoc committee, reporting to the
Executive Committee last year, recommended the cre-
ation of the standing committee after compiling statis-
tics about the number of women members and Fellows
involved in the Division. The ad hoc committee was
appointed in response to a letter to DPP leadership
written by Redi and signed by 20 percent of the women
in the Division. In it, they expressed concern about the
low number of women entering and remaining in the
field of plasmaphysics, and the difficulty women found
ingaining recognition for their work — through invited
talks, by appointments to committees, and by attain-
ing leadership positions and funding. The ad hoc
committee found that few women were entering the
field, and even fewer were remaining and attaining
Fellowship status. In 1999, there were 111 female
members of the DPP out of atotal of 2,500 members,
or about 4 percent. The APS has 8 percent women on
average in all the divisions.

James Drake, Chair of the APS-DPP Executive
Committee in 2000, said in a message posted on the
DPP swebsite, “What | found to bemost alarming were
the statistics on the number of women Fellows in our
field. There are atotal of seven women Fellows in the
DPP compared with 450 male Fellows. Even more

alarmingisthat amongthe
female Fellows in the
DPP, only oneis actually
active in plasma physics
at the present time (as op-
posed to space and astro-
physics). It seems clear
then that a number of our
most outstanding female
members are moving out
of thefield. Thus, wefind
ourselves in a situation
where we are not only not
attracting significant num-
bersof womento our field,
but we are also not able to
retain female scientists.”

When the APS-DPP
ExecutiveCommitteecre-
ated the CWPP, it passed a resolution, stating, in part,
“The DPP must promote the recruitment, participation,
and advancement of women in plasma physics, and
ensurethat women arefairly represented, both scientifi-
cally through invited talks, and in activities and |eader-
ship positionsasofficers, executive committee members,
and committee chairs.”

In addition to Redi, the other Committeefor Women
in Plasma Physics members are Gail Glendinning,
Lawrence Livermore National Laboratory; Professor
Noah Hershkowitz, University of Wisconsin; Professor
Mary K. Hudson, Dartmouth College; Professor David
Newman, University of Alaska; Mary Ann Sweeney,
Sandia National Laboratories; Cha-Mei Tang, Creatv
Micro Tech, Inc.; Professor LindaVahaa, Old Domin-
ionUniversity; and Professor Ellen Zweibel, University
of Colorado, Boulder.

“We are asked to keep track of how APS-DPP is
doing with respect to representation of women members
on the Annual Meeting Program Committee, invited
speakers, and other committees. We also are asked to
submit names of women for Fellowship nomination,”
said Redi, who al so hasbeen asked to work withthe APS
Committee on the Status of Women in Physics. “For
example, this year a woman plasma physicist who is a
member of the National Academy of Sciences may
become an APS-DPP Fellow. APS-DPP has shown real
concern and we are hopeful that the next generation of
women will find plasma physics fascinating, challeng-
ing, and with opportunities for success.”
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Former PPPL Physicist Thomas Stix Dies

homas Howard Stix, one of themost original think-

ers and leading developers of the field of plasma
physics, died April 16 in Princeton. He was 76 and a
professor emeritusin astrophysical sciencesat Princeton
University. The cause of death was leukemia.

Professor Stix will be remembered not only as an
outstanding scientist, educator, innovator, and inventor,
but also for hiswarmth, humor, and genuine concern for
people.

Bornon Jduly 12, 1924, in St. Louis, he served in the
United States Army from 1942 to 1945. After receiving a
bachelor’ s degree from the California Institute of Tech-
nology in 1948 and aPh.D. from Princeton University in
1953, hejoined Project Matterhorn, then asmall, classi-
fiedproject onPrinceton’ sForrestal Campus. Theproject’s
aim was to harness fusion energy for peacetime use.
Project Matterhorn grew quickly and, in 1961, when Stix
headed the Experimental Division, itsnamewaschanged
to the Princeton Plasma Physics Laboratory (PPPL).

Stix’ swork revolutionized research in plasma phys-
ics by showing how waves could heat plasma. Thisearly
work was presented at the Second International Atoms
for Peace Conferencein Genevain 1958, held soon after
the major nations working on controlled thermonuclear
fusion research had agreed to declassify their work.

Stix published hisclassictext, “ The Theory of Plasma
Waves,” in 1962, the sameyear he was appointed Profes-
sor of Astrophysical Sciences at Princeton University.
Enormoudly influential, this textbook explored and for-
malized the growing subject of wavesin plasma, both for
laboratory and astrophysical applications. The book edu-
cated and inspired several generations of plasma physi-
cists.

Stix showed how microwaves, injected from anten-
nas or waveguides, could heat plasma to thermonuclear
temperatures— tensof millionsof degreesFahrenheit—
whileconfiningitwithinpowerful magneticfields. Among
hisinventionsisacoil structurein which sections of coil
were alternately wound around the device clockwise and
counterclockwise. Later known as a Stix coil, this struc-
ture coupled radio-frequency waves at ion cyclotron
frequenciesinto the plasma. Stix also contributed impor-
tantly to the theory of stochastic and chaotic behavior of
particles and magnetic fields in plasmas.

Recipient of numerous awards, including a
Guggenheim Fellowship in 1969, Stix was awarded the
1980 James Clerk Maxwell Prize, the American Physical
Society’ s highest award in the field of plasma physics.

This award recognized his pioneering role in devel-
oping and formalizing the theory of wave propagation
andwaveheatinginplasmas. In 1999, hewasawardedthe
Distinguished Career Award by Fusion Power Associ-
ates. In 1991, Princeton University recognized Stix’'s
contributions as ateacher and educator by awarding him
itsfirst “University Award for Distinguished Teaching.”

Stix was Chair of the Division of Plasma Physics of
the American Physical Society in 1962. In 1978, he was
appointed Associate Director for Academic Affairs at
PPPL, and for many yearshewasDirector of the Program
in PlasmaPhysicsat Princeton University. Hespent three
sabbaticalsat theWeizmann Instituteof Scienceinlsradl.

Stix alsoembraced civicresponsibility. HewasChair
of the American Physical Society Committee on Interna-
tional Freedom of Scientists, working tirelessly on behalf
of human rights and the political freedom of scientists
worldwide. He also served on the American Physica
Society Panel on Public Affairs, chaired the Princeton
United Jewish Appeal in 1954-55 and in 1963-64, and
was Chair of the Princeton Hillel Foundation from 1972
to 1976 and Acting Director for the newly founded
Princeton University Center for Jewish Lifein 1994.

Stix issurvived by hiswife, Hazel Sherwin Stix; two
brothers, Ernest, a sculptor in St. Louis; and John, of
Nyack, N.Y ., astage director and longtimefaculty mem-
ber of The Juilliard School; ason, Dr. Michael Sherwin
Stix of Lexington, Mass.; a daughter, Susan Sherwin
Fisher of New Y ork City; and four grandchildren.
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Earth Day Event at PPPL Draws 150 Students

ore than 150 area students who participated in the

Lab’ spollution prevention poster contest attended
theFifth Annual Earth Week Poster Contest and Pollution
Prevention Awareness Day at PPPL on Thursday, April
19. The event featured an awards program for poster
contest winners, as well as hands-on science demonstra-
tions, guest speakers, and pollution prevention displays.

Margaret King and Thomas McGeachen co-orga-
nized the event. Said King, “PPPL’s Fifth Annual Earth
Week Poster Contest celebration was brilliant. The post-
erscreated by the children showed their understanding of
the 3 R's— recycling, reducing, and reusing — and of
buyingrecycled materials. The poster contest isan educa-
tional and exciting project for the children, and some of
the children were graded for this project. Aswe gathered
for the presentations, it was impressive hearing the
children’s views about recycling.”

PPPL and external exhibitors had displays and dem-
onstrations in the Lab’s Lobby and along the entrance.
Thefourth through sixth gradevisitorscollected recycled
promotional items from various exhibitors and toured
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PPPL’s and FMC's emergency response units. In the
Auditorium, Marcal Paper Mills Vice President Peter
Marcalus gave a presentation, “Closing the Recycling
Loop with Marcal,” and PPPL Director Rob Goldston
delivered atalk, “Fusion in the New Century.” Goldston
concluded the event by handing out awards and prizesto
the poster contest winners.

Twenty winnersweresel ected by PPPL judgesamong
morethan 380 poster entriesfrom studentsfromeight area
schools. Entries were posted around PPPL. The partici-
pating schools were the Antheil Elementary School in
Ewing; Corpus Christi School in Willingboro; Grace N.
Rogers School in East Windsor; Thomas Grover Middle
School in West Windsor; Parkway Elementary School in
Ewing; Toll Gate Grammar School in Pennington;
Timberlane Middle School in Pennington; and Terrill
Middle School in Scotch Plains. The Lab also sponsored
aposter contest for the children of staff.

“The 2001 Earth Day event encouragesusto continue
to be environmental stewards by supporting companies
that utilize recycled items in their manufacturing pro-
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cesses. Aswestriveto educatethe areamiddle schoolson
various environmental issues, we are also learning how
we can better serve the earth. Recycling, reducing, and
reusing can only be completed when we purchase prod-
ucts made out of recycled items. When you get down to
the nitty-gritty, educating our children about the environ-
ment is extremely important because in our children lies
our future,” McGeachen said.

In addition to PPPL, exhibitorsincluded Eurest Din-
ing Services, Executive Business Products, FMC Cor-
poration’ s Environmental Control Department and Envi-
ronmental Response Unit, Marcal Paper Mills, Inc., Mer-
cer County Improvement Authority, and Waste Manage-
ment, Inc.

Dozens of prizes donated by area businesses were
awarded to thewinners. Prizesweredonated by Barnes &
Noble Booksellers, Big K-mart, John Bennevich, Bor-
ders Books & Music, Circle Line Cruise, COMPUSA,
FMC Corporation, Jenkinson’s Aquarium, Liberty Sci-
ence Center, MichaelsArts& Crafts, thePPPL Director’s
Advisory Committee on Women, Ripley’s Believe It or
Not, Robert J. Novins Planetarium at Ocean County
College, Sam’ sClub, Seastreak Atlantic Highlands, Tar-
get, Wal-Mart, and Wegmans. Thanks to everyone who
made this event a success!

SC|ence Fair Winners Exhibit Projects at PPPL
= — o e

ourteen area students exhibited their sci-

ence projects on Wednesday, April 18,
during PPPL’s annual Science Fair Day. The
ScienceFair honoredthe 12 winnersof PPPL’s
Corporate Awards, who were chosen among
student exhibitors last month at the North Jer-
sey Regional Science Fair at the County Col- e
lege of Morrisin Randolph and at the Mercer Science and Englneenng Fair at Rider Collegein Lawrenceville. Also
honored were two special visitors. PPPL’ s Science Fair winners and the special visitorsdisplayed their projectsin the
Laboratory’s Lobby and were on hand to discuss their exhibits. The featured young scientists and their guests also
toured the National Spherical Torus Experiment and had lunch with PPPL Deputy Director Rich Hawryluk, who
presented the winners with awards. PPPL’s Mary Ann Brown organized the event.
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Fusion in a Beer Can isTopic of University Speaker

ichard Siemon, Head of the Fusion Energy Research

Program at the Los Alamos National Laboratory, is
scheduled to discuss, “ FusioninaBeer Can— aSolution
to Our Growing Energy Problem?’ at the Plasma Science
and Technology Distinguished Speaker L ecture Serieson
Tuesday, April 24, at 8 p.m. at Princeton University. The
talk will take place in the Small Auditorium (room 105)
of the Computer Science Building, at 35 Olden Ave.

Fiveyearsago, Russianand U.S. scientistsinitiated a
startling collaborative endeavor to meld two fusion ap-
proaches, magnetic and inertial, into one with the poten-
tial for developing amore affordable and practical fusion
power plant. Dr. Siemon leadsthe U.S. effort, based on a
Los Alamos technology called Magnetized Target Fu-
sion.

The hybrid method beginswith threading amagnetic
field through asmall tenuous plasma— adilute gaswith
atemperature of about 1 million °C. This plasmaisthen
quickly inserted into a metal tube the size of a beer can.
Strong magnetic fields are then applied to the can, com-
pressing it and the plasmaby afactor of 100. The plasma
isheated totemperaturesover 100 million C, high enough
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for fusionto occur. If theinitial
gas consists of a mixture of
deuteriumandtritium (isotopes
of hydrogen), or deuterium and
helium-3, copious amounts of
energy would bereleased in an
intense explosion. Converting
this energy into a useful form
poses great technical chal-
lenges.

Dr. Siemonrecently served
on the advisory committee to
theFusion Energy Programand
the Energy Directorate at Lawrence Livermore National
L aboratory. Hewasappointed by the Secretary of Energy
toserveontheMagnetic Fusion Advisory Committeeand
the Fusion Energy Advisory Committee. Dr. Siemonisa
Fellow of the American Physical Society and a Los
Alamos Industrial Fellow.

The seminar series is sponsored by the Princeton
Plasma Physics Laboratory and the School of Engineer-
ing and Applied Science. Thetalk isopento the public.
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