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ABSTRACT

The internal compossnts of magneuc fusion devices must
withstand erusion from and high heat flux of energetic
oiasma particles. The selection of matesials for the construc.
tion of these componenis is importaal 0 minimize comtami-
aation of the plasma In order t0 study various matcrials’
comparative resistance to erosioa by eacrgetic particles and
their ability o withstand high heat flux, water-cooled copper
swirl tubes coated or armored with various materials were
subjecied 10 bombardment by hydrogen and helium particle
beams. Maierials tcsted were graphite, titanium carbide
(TiC), chromium. aickel, copper, silver, gold, and aluminsm.
Detaiis of the experimental arrangement and methods of
applicativa ur attachmear of the materials 10 the copper
swirl tubes are preseated. Resulrs including survivability aad
mass losses are discussed.

INTRODUCTION

A coscern for preseat asd future magaetic confinement
devices is the lifetime limitation dee to thermal fatigue and
erosion of the internal components used for plasma heating
and impurity control. These components, which include jim-
iters, divertor collector plates, rf launchers, asd Faraday
shieids, must handle high fluxes of cnesgetic particies from
the plasma peripbery. Depending o the proximity of these
components to the plasma, the average costinwous beat flux
could be 1000 W/cmé, and the average particle flux could
ts (0" panticlies/em?.s. Duriag plasma disruptions, traa-
sient (~10-ms) heat fluxes of 10 to 100 kW /em? caa occur.
The design study of FED/INTOR' determined that the
development of materials aad technology for the imternal
comporents is one of Lhe eritical ssues of ongoing fusion
research.

The seection of matcrials for the constructios of these
composents is importaat in order to minimize contaminativoa
of the plasma and degradation of confinement for long time
periods. The materials must therefore be very resistanl to
erosion, thermgal shock, and thermal fatigue. Marerials with
siements having low mass nsmbers are also desirable,
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NOTICE

TH13 REPORT IS ILLEGIBLE TO A DEGREE
THAT PRECLUDES SATISFACTORY REPRODUCTION

Materials preseatly being used or suggesied inclsde graph-
ite, TiC, Cr, Ni, AL aad Be.

In preseat short-pulse (<5-3) confinemeatr caperimeats,
the energy logt to the imternal components is hasdied iser-
tially (the mass of the component absorbs ths esergy {rom
one puise, which then dissipates slowly to the surrcundings
by radiation and coaduction bstween puises). Futurc experi-

" meats with pulse leagths exteaded to tens of seconds will

require active cooling (a coolaat flowing through the com-
possnt). Durizg the developmest of neuiral beam sysisms®3?
in the last ten yesars, it was demonsirated that water<cooled
copper swirl tubes cowld haadle bigh {~7-kW/cm®) beat
flux. Limiters fabricated of swiil tubes have been proposed.
Oak Ridge National Laboratory (ORNL) has prime respon-
sibility for the deveiooment of rf plasma heaung teckrology
for the next-gemeration fusion devices in the United States.
The =f compatibility of materials and geometrical configura-
tions have besn ard are being studied aed have been
reporied at this meeting.® In addition, information about the
erosion properties of marerials is necessary so ihar fuactionsl
tf lannchers and Faraday shields can be developed.

Therefore, a siudy was mitisted at ORNL to :est
various materiels’ comparative resistaace 'o erosion by caer-
getic pasticles. The materisls were actively cooled by being
applie¢ or anached o copper swirl tubes. It is recognized
that mot oaly the materials themsaives, but also the quality
of their adhesioa to the swirl wbes, were being tested. The
maicrials texed wers graphite, TiC, Cr, Ni, Cu, Ag, Au,
and Al Although copper (uscoated), silver, and gold may
not be serions casdidaces, they wers included for compasi-
son.

Aa Oxk Ridgs Tokamak (ORMAK) injector® was the
source of caergaic particles «ith which to bombard the
matecial samples. Beams of hydrogem and belium particles
(ions asd seutrals) were produced.

SAMPLE PREPARATION

The test samples wers prepared using a copper swirl
tube substrate. The swirl tubes had an owtside diamster of
0.90 am, a wall thickeess of 0.16 cm, and a loagzd of
23.5 cm with a rwisted Inconed ridboa inside, as showa in
Fig. 1.

Al rested materials except copper (uscoated tube) wers
apolied or attached to the copper swiri tubes by electroplat-
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