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Abstract

Recause vapor phase fullerene molecules collide with high
temperat urc surfaces at both the cathode in DC discharges
and at the walls of vapor sources, knowledge of the thermal
stability and material compatibility of fullerencs is
important for ion thruster applications. }ere, wc present a
study of the high temperature behavior of fullerenes. Wc
find that when Cé60 and C70 arc maintained at temperatures
above 1073 K, or arc. exposed to hot metal surfaces,
significant degradation occurs. Wc find an activation energy
of 261.5 kJ/mol for this process. At temperatures below 873
K, no breakdown of fullerencs can be detected, even after
heating for 6 hours. The effect of these findings on C60 ion
thruster design is discussed. Our present Ceo RF ion thruster
experiment iS also described.

Background

Since 1991, three groups”3 have reported on the
development of an ion thruster which utilizes the all-carbon
molecules known as fullerenes as a propellant. Discussions
of the potential performance advantages of fullerene fueled
ion propulsion have been published4:3. Anderson and
Fitzgerald,3 and Hruby ct al.! both successfully sustained
DC ful lerene plasma discharges using thoriated tungsten
filament cathode ion sources. Anderson and Fitzgcerald
confirmed the presence of fullerenc ions by mass spectral
analysis of the extracted ion beam. Hruby et a. detected
fullerene material deposited on optical surfaces using
Fourier Transform Infrared (FI1R) spectroscopy. Roth of
these groups reported substantial erosion of the filament
cathodes used in their devices. The presence of a significant
quantity of toluene insoluble carbonaceous material was
observed in the effusion cell by both groups after heating.

Takegahara and Nakayama2 have reported an unsuccessful
attempt to establish an RF gencrated plasma using
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fullerenes. They found that their quartz discharge chamber
wall temperature was too low, resulting in condensation of
the fullerene propellant.  Takegahara and Nakayama
obtained FIIR absorption spectra of original and condensed
Ceo powder. If normalized, their spectra indicate a loss of
material similar to that observed by Hruby ctal. and
Anderson and Fitzgerald.

Hruby et al. 'carricd out tests of fullerenc material
compatibility with Stainless steel, molybdenum, alumina,
boron nitride, aluminum nitride, and quartz. They reported
that no reaction of the fullerenes occurred with any of these
materials, but chose quartz for their discharge chamber with
molybdenum and stainless stecls grids. Anderson and
Fitzgerald3 used both graphite and stainless stecl sources
and grids. In both sources, notable degradation of the
propellant molecules at high temperature was confirmed by
FTIR spectroscopic analysis of the powder remaining in the
effusive cell and on the walls of the discharge chamber.
} lowever, mass spectral analysis of the ion beam did not
indicate the presence of either C2 or C4 fragments which
would be expected from dissociated fullerencs. It was also
found that removal of residual solvents and impurities by
heating the mixed fullerene samples under dynamic vacuum
at 473 K for 12 hours prior to operation of the discharge did
not inhibit the fullerene breakdown.

Though not exploring any particular application, 1J.11. Yuet
al.% investigated the formation and fragmentation of
fullerene ions in an electron-irnpacl ion source.
Unimolecular dissociation rate constants for the process of
fragmentation via removal of c.vc.n-numbered carbon
fragments were obtained.

Because propeliant flow rate is determined by the fullerene
vapor source temperature, knowledge of the reactivity and
stability of C60 and €70 molecules at high temperatures is
important to fullerenc ion thruster development. Excessive
degradation will impact the total propellant utilization
cfficiency, as well as increase the possibility of thruster
failure duc to the presence of condensed fragments and




rcaction products. The fullerenc sources May require healing
to over 800 K for adequate fullerene pressures 1o be
obtained. Figure 1 shows experimental ly-determined vapor
pressure curves for C60"10. } lollow cathode operation with
fullerenc vapor for either DC plasma generation or ion beam
ncutralization would require that C60 be stable at
temperatures over 1300K. 1t is apparent that an in-depth
look atthe high temperature behavior of fulierenes is
required.
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Figure 1. Vapor pressure asa function of temperature
for Cgpand C60/C70 mix ™.

Thermal stability and
material compatibility of Cepand Cro

“1’here have been numerous studies of the oxidative behavior
of Ceo and C701*] *conducted since fullerenes became
available in macroscopic quantities in 1991, ¥xperimental !’
and theoretical '8 investigat ions of thermal decomposition of
fullerencs have also been reported.

Sundar ¢t a." sealed pellets of Ceo in evacuated ampoules
and heated them to temperatures bet ween 773 K and 1173 K
for 24 hours. X-ray diffraction and UV-visible absorption
spectra of the samples showed increasing degradation with
higher temperature. 1 lowever, adequate preheating of the
samples rrnder dynamic vacuum to remove solvents and
adsorbed impurities was not performed, nor has such a study
been conducted where the decomposition in vacuum was
cvaluated as a function of time.

The reactivity or C60 with metalsis ot interest to the high
temperature superconductor community. Alkali-rnclal-doped
fullerenes have the highest known superconducting
transition temperatures for organic superconductors. Thus,
the interaction of Ce0 with alkali mectals at temperatures
below S00 K has been investigated' 920 in atempts to form
compounds.

*1’here arc several possible mechanisms for C60 degradation.
These arc 1) thermal disintegration (vibrational modes
excited beyond bond-strength limitations), 2) stoichiometric
rcaction with impurities, 3) catalysis with impurities, 4)
catalysis with containcr walls, 5) catalysis with amorphous
carbon fragments, or 6) a combination of any of the
prc.ceding mechanisms.

11.1.. Zhang ct al.}® have reported molecular dynamics
simulations mode.ling the. process of thermal disintegration
of fulicrencs. They predict fragmentation temperature as a
function of cluster sizc for fullerencs containing 20 to 90
atoms. Not surprisingly, C60 and €70 were shown to be
more. thermally stable than other fullerenes. It was al'so
found that the disintegration temperature became reasonably
constant for molccules containing more than 60 carbon
atoms, Zhang ¢t al. interpreted the fragmentation
temperature as a measure. of the weakest bond in the
molecule.  Hence, their fragmentation temperature
corresponds to the onset of bond-breaking in the fullerene

cage.

The predictions of Zhangct al.*agree quite well with
m casurcments of the ncar of formation of C60 reported by
References 21-23 to be 2.30X 103 k)/mol, 2,28X 103
kl/mol, and 2.42 X 103 kJ/moles, respectively. Using the
interpretation of Zhang et a. of therma disintegration, wc
find alower limit of an Arrhenius activation energy for the
process to be 38.3 kJ/mol, corresponding to atemperatore oOf
4610 K,

AM. Vassal lo ct a.] 2 performed an emission F11R study of
solid-slate Cs0 and determined thermal stability of Ihc
materia at the highest temperature of their experiment, 873
K. Significant sublimation of the fullerenc material appears
to have made the experiment impractical at higher
temperatures. When a25% oxygen in argon mixture was
introduced 10 the, Csosample during heating, all Cep
emission peaks were seen to disappear by 723 K. CO3 and
CO emission bands were observed, as well as features from
reaction products that may be attributed to cyclic
anhydridcs.




Experiment

We have performed detailed fullerence thermal and material
compatibility tests to determine the source of residuc in
fullerenc ion thruster experiments. The tests were
performed by placing approximately 10 mg of fullerene
powder in quartz ampoules cleaned in acctone and freon,
Wc prepared sets of 5 ampoules at atime containing cither
pure C60 obtained from MER Corporation, pure €70 from
Term L.TD., or afullerene mix composed of approximately
85% C60, and 15% C70- The fullerene mix was Soxhlet
extracted with toluene from soot produced by Ulvick
industries.

The ampoules were. placed under vacuum in the low 10-6
Torr range. Partial pressures of monatomic and diatomic
ox ygen, CO, CO7, 011, H20, o luene, and benzene were
monitored using a calibrated MKS model 600A PPT
Residual Gas Analyzer (RGA). Mass spectra of all
contaminants (under 100 amu) in the vacuum system were
also obtained.

The fullerene samples were heated to 473 K for 3 hours,
then to S23 K for an additional 1 to 3 hours, until the partial
pressure of toluenc fell below 2x10-8 Torr, Figure 2(a,b,c)
shows 10 minute RGA scans initiated upon heating of the.
ampoules containing €70, C60. and fullerenc mix samples,
respectively. In all cases, there was arapid and significant
increase in toluene partial pressure, with moderate increases
in O2 and 1120. C60 epoxide may have been another Source
of the observed oxygen. In the case of the C70 samples, both
COz and CO partial pressures increased more rapidly (ban
they did during cither the pure C60 or mixed fullerene
sample heating. The total pressure in the vacuum system
subsequently increased beyond 2x10-4 Torr (the upper limit
of the range of the RGA) for several minutes after the
ampoule heaters had rcached slcady-state temperatures,
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Figure 2a.10 minute RGA trace of partial pressures for
C70 anneal.
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Figure 2¢.10 minute RGA trace of partial pressores for
C60/Cr0 mix anneal.

The anneal temperature we used for solvent removal from
the fullerencs in the quartz. ampoules was between 473 K
and 523 K, Although this temperature is high enough to
remove a significant portion of adsorbed water on the
surface of the ampoule, it isinsufficient for removal of the
hydroxyl groups terminating the quartz surface. It is
necessary t0 heat the quartz under dynamic vacuum to over
873 K to remove these surface impurities in the form of
H20 and H2.24 To determine whether these sites on the
quarlz surface. were serving as catalysts for the fullerenc
decomposition, we formed an ampoule with a “pocket” for
holding the fullerene test sample while the bottom portion of
the ampoule was heated with an acetylene torch. The
remainder of the experiment was performed as before.

The ampoules were then vacuum scaled and placed in a tube
furnace for durations of 20 minutes, 1 hour, 3 hours and 6




hours, We preparedscts of samples heatedto 873 K, 973 K,
1073 K, 1173 K,1273 K, and 1473 K. One trid consisted of
ampoules that had veen backfilled with approximately 5
Torr Of Helium,

Yor total climination of tolucne impurities, Millikenct al. *
found that heating of C60 10 483 K for 16 hours was
sufficient.  To verify that the four to six hour bake was
adequate 10 drive. off contaminants, we heated five sample.s
of the full erenc mix under dynamic vacuum for 16 hours at
473 K and compared these samples wi(h those heated for
shorter durations.

To study the effect of bulk metals in contact with fullerenes
at high temperatures, wc placed 5.0 c¢m long by 0.32 cm
wide metal strips in the ampoules with the fullerenes.
Tungsten, molybdenum, tantalum, and 304 series stainless
stecl samples were ctched in a nitric acid solution for 1
minute, rinsed and then dried under nitrogen before being
placed in the ampoules. Only the stainless steel sample was
visibly altered after heating to 1073 K. It was coaled with a
black residue which, when rinsed away, revealed a dulled
surface. Tablelisalist of the samples analyzed in this
study.

UV-VIS Absorption Analysis

Analysis of the samples was performed by UV absorption
spectroscopy using a Cary UV-VIS-NIR spectrophotometer
(model 5E). A 1.0 cm path Iength was used in double beam
mode with blank solvent in the reference beam path. The
powder samples were placed in 200 ml of methylene
chloride and sonicated. A further dilution of 1:10 was made
for analysis. The concentration of C60 was determined by
monitoring the 270 am absorption fcature. The peak
intensity was corrected for initial sample weight, then
correlated to remaining fullerene material,

Significant quantitics of scemingly insoluble material were
observed in the CH2Cl2 solutions after sonicating for
several hours. The volubility of Cgp in CH2Cla wasreported
by SRI25 as 0.26 mg/ml. However, wc found that some of
the solid was in fact soluble in toluene. Dueto UV
absorption below 250 nm in toluene, only the 330 run peak
in the C60 absorption spectrum could be used for analysis of
tolucne dissolved samples. Wc prepared Iwo pure Ceo
solutions - onc in totuene, the other in methylene chloride -
to compare the concentration in each solvent. The
Concentration of C60 in the methylene chloride was found 10
be approximately 10% below that in the toluene cvco
though identical preparation procedures were used. The
concentration of mixed fullerenc in the toluene control
samples was found to be 77.6 £ 3.5 A cc/mg. The main

Absorbance

sources of crror were. rci)c.stability of dilution preparation
and mass uncertainty.

Resulis

Figure 3 shows the UV absorption spectrum of mixed
fullerenc samples heated at 1073 K for various durations.
These samples were prepared in methylene chloride.

1.4

1.2

B

L b

\ 4 1
2s0 300350400 450

Figure 3. UV absorption spectra of fullerene mix heated
for various durations at 1073 K.

Figure 4 shows the degradation rate of the samples
mentioned above, toluence dissolved samples with a helium
backfill, and samples preheated for 16 hours at 473 K. Note
that there is no significant di fference in the degradation
rates. The samples that had been heated to temperatures
greater than 1273 K completely decomposed. This toluenc
insoluble material was examined with x-ray di ffraction. The
only diffraction peaks to appcar were very faint and were
attributed to zinc impuritics. Though no diffraction pattern
from the carbonaccous material could be obtained, the
material looked distinctly crystalline. A scanning-clectron-
microscope image of this material is shown below in Figure
6; it dots not appear amorphous. Wc do not yet have an




explanation for the lack of diffraction peaks att ributable to
this material.,
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Figure 5 is aplot Of the percentage Of toluenc sotubie
malerial remaining as a function of temperature. Note the
apparent stability of the fullerenc up 1o about 973 K.
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Tnitial Mass Composition Temperature (K) | Time Solvent peak A cchng
(mg) (min) {(nm)
R
1 T35 Tooll70 TI072T0 wil]
7 T30 C60/Cro 1073 360 CIL Dy 3307270 21.57710.7
T0.0 CeoCr0 1073 180 TR Tl 3307270 32.0/110.0
q 105 T0/C70 1073 60 CI,LCly 3307270 45771560
134 Ce0/Cr0 1073 20 CHClp 3307270 61.2/213.0
316
1 T C60/Cro TIGCL, |70 128
2 T1.6 Teol70 CHL T, 270 143
3 1.0 Ce0/Co0 - - Cll,Cly 270 127
L 104 Ceo/C0 - - TH,TT, 270 T
3 108 Ce0/C0 “CHsCH, 330 66.6
S/T7T no.l
1 112 C60/Cr0. e - -- CeHsCy 330 75.0
7 97 Te0/CTq0. He 1073 T80 CNsTITy 330 304
3 105 Ceo/Cr0. e 1073 60 CsClHH 330 40.0
4 £3 Ce0/C70. Tle 1073 20 CHsCH, 330 530
5 E3 Cg0/C0. e 1073 360 CHsCH3 330 133
(519
2 30 Coo - - THL T, 330 4K
3 101 Ceo - - TH5Cy 330 713
(570
1 - 8T [¢ET) - CiL T, 380 2123
— 8.0 [T - T,y 380 1488
3 95 Cq0 - “CHLTT, 380 1389
43 104 Tqo 1073 T80 CiL T, 380 125
5 93 Cao 1073 360 CH, Ty 380 105
Bz
1 58 Ce/Cr0. M 1073 60 Ty 270 165
2 112 Ceo/Tq0. Ta 1073 [£Y CH,L Iy - -
(3 105 Ce0/C70. W 1073 60 CHL 270 TR
4 113 Ce0/C70. 55 1073 0 CiL T, 270 9.6
5 93 Teo/T70 1073 60 CiT, Cly 270 1071
[ 5775 no 1
11§ C0/C70, 95 1273 60 TglsTHy
2 120 Ce0/CT70. 58 873 120 CgllsCll 330 726
[ 525102
] 9.6 Ce0/C70 CgHsCH3
2 5.9 Ceo/Co0 1273 60 T HsTHy 771
3 57 Ceo/T70 CgsTH, 747
7 05 Teol70 ET3 T I5C1T, 763
5 9.5 Ce0/C0 .- - CgllsClHy sec below
(ST
1 14.6 C60/C70 untrcated - CHLCly 270 156
HALS
93 Teo/Tr0 - TllsTl, 80.6
2 9.5 C60/C70 - CHsCH3 830
3 9.5 Ceol70 - CsTH, “80.6
T3 C60/T0 - TelsT; 757
5 93 C60/C70 - ClsCI T
[ 95 Ce0/l70 - CellsCH3 80.6
T
i T3 CTeoll70 TN 330 ST
r 108 Ceo/C10 1073 20 TsTlH, 330 (4B}
3 9.1 Ceo/Tr0 1073 [4) CelsCH3 330 442
57 Ceol70 1073 T80 CeHsTH, 330 392
3 %96 CTeoT0 1173 [£] CellsTH3 330 82
[6/Tn0.2
4 9.2 T60/Cr0 973 60 CHsCH3 71.0
3 7y Teolro 573 0 TIsTH; 501
B/Tno. 3
10.2 C6o/Tr0 1173 5 CellsCH3 330 415
3 97 Ceo/CT70 1173 10 CesCHy 330 149

Table 1. Fullerenc samples prepared for material compatibility and thermal stability tests




By fiting the fullerenc decay curves shown in Figure 7, we
obtained decay constants, k(T), which were then used to
find an Arrhenius activation energy for the disintcgration as
in the equation,

E
Ln(k)= Ln(A)- 7(;

where A isthe frequency factor (assumed constant here), Fa
isthe activation energy, R is the gas constant, and T is the,
temperature.,

Rascal onthe work reported in References 21-23, and
assuming the. definition of fragmentation used by Zhang et
al.,!8 wc would expect the lower limit of the activation
energy 1o be about 40.0 kJ/molfor thermal decomposition if
a Lindemann mechanism26 is responsible, In fact, the
activation energy for this process is found to be 261.5
kJ/mol - a number higher than that predicted by Zhang et al.

[
A A At
Mty 1 a0
100 0 \jv
80 . 0
[0
40 n
200
st H ! I | | |
5000 0 3400 3000 2600

Therefore, it is possible that we arc observing thermal
disintegration of the fullerene mix.

Diffuse Reflectance FIIR Spectroscopic Analysis

Diffuse reflectance IFTTR spectroscopy was also used to
analyze the decomposed material. Figure 8(a,b,c) shows
three spectra: onc of untreated fullerene mix, a sample
heated to 1073 K for 1 hour, and a sample that had been
heated for 18 hours at 523 K in nitrogen and air. Note the
appearance Of cyclic anhydride features in the 1800-1000
cm-'region of Figurc 7c similar to those observed by
Vassal lo ctal.'’However, no oxidation products arc
cvident in the 1073 K sample, although only 50% of the
material remained as fullerene. Hydrocarbon impurities arc
cevident in al of the samples. Also, there is a possibility that
at these temperatures any intermediate acids will have
decomposed, leaving only CO2 and CO asreaction products
and catalysts. Wc have not attempted to determine whether
these gases arc. present in the scaled ampoules after healing.
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Figure 8a. FTIR spectrum Of C60/C70 Untreated
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Analysis of fullerenc samples using infrared spectroscopy is a
very useful technique, but we have found it should be used
with caution in accordance with the following observations.
Carbon black soot is so strongly absorbing in the IR that very
low baselines may be observed This will obscure the fullerene
peaks and make quantitative analysis difficult if oo much soot
is present. Also, some peaks in the IR spectrum might be
misconstrued as adsorbed impurities, specifically CO2. The
latter has been IE}S’OHCd in publications showing IR absorption
spectra of C60”'%. These Spectra showed moderate intensity
peaks in the region where CO2 twin features arc typically
observed. These features which appear at 2349 cm] and 232.8
cm™'were at tributed to CO2 adsorbed by the fullerenc.
1lowever, the peaks arc shifted and [heir relative intensitics
switched from commonly observed CO» contain i nation
fcatures.

To investigate this discrepancy, wc performed diffuse
reflectance FTIR on fullerene samples prepared by three
separate techniques: films formed on KBr by vacuum
evaporation, freshly formed fullerene containing soot
transporled with ascerite (2 CO2 absorber), and purified C60
obtained from MER corporation dissolved in CS2. I’ bough

each of the samples should have been free of CO02
contamination, the twin pcaks were present in all three specira
with the same relative intensity. Therefore, we belicved that
the features were duc to either combination modes or
vibrational modes allowed by the presence of *3C isotope.

Several papers have since been published 29:30 which show
the very rich vibrational spectrum of Cg0- Theoretically
predicted modes arc assigned to each observed pesk, including
those originaly attributed to CO2. However, these peak
assignments have not yet been confirmed by analysis of
isotopically enriched or isotopically Jre fullerenes. Wc have
attempted formation of pure 3C ftullerencs by laser
vaporization techniques, but found no toluene extractable
material in the soot. Subsequently, wc attempted to form
isotonically cnriched fullerencs by the arc method. 1 lollow
graphite rods were. packed with amorphous 13C powder mixed
with a carbon binder. Though fullerencs were produced from
these rods, no peak shifting or growth was observed in the
spectrum, Wc believe that only the graphite portions of the rod
actually vaporized and contributed to fullerene formation. Wc
arc continuing our attempts at producing isotonically pure
fullerenes by compressing amorphous carbon powder at high




t emperatures to form rods for arc method fullerence production.
This technique has been successfully employed3! 10
demonstrate peak shift of the four main dipole peaks of C60-

RE Plasma Discharge Experiment

To avoidthe presence of high temperature metal surfaces other
than the extraction grids, wc have constructed an R¥ discharge
chamber similar to that of Takcgaharaand Nakayamaz. We
arc using an Eni Power Systems 13.56 MHz RE power
generator (modcl 600A) and impedance matching circuit (R¥
Scrvices) to reduce reflective RFE losses from the engine. A
schematic Of the RF: thruster assembly is depicted in Figure 9.

The discharge chamber consists of a 7.0 cm high, 7.0 cm
diameter cylindrical quartz vessel with an extraction grid
system and an oven containing the ful lerene propellant {1 anged
to opposite cnds. AnRF coil wrapped around the outside of
the quartz. vessel induces an azimuthal electric AC field inside
the chamber. The fullerene plasma is maintained inductively,
climinating the need for hot electrode surfaces inside the,
discharge chamber. Ignition of the discharge may be obtained
by ry: breakdown or with the aid of electrons attracted from
the neutralizer filament into the discharge chamber by
temporarily applying a positive voltage to the screen grid. The
Ry field further accelerates the clectrons inside the discharge
chamber, leading to breakdown. RBecausce of the difficulties
encountered by Takegahara and NakayamaZ in obtaining high
wall temperatures, WC arc investigating the usc of graphite
yarn around the quartz vessel which can be both inductively
heated and resistively heated by an independent power supply.

A small orifice in the side of the effusive ccll faces an Inficon
model XTM/2 Quartz. Crystal Microbalance (QCM) to give
rea-lime flow rate mecasurements. Prior attempts to monitor
flow rate by forming a capacitor with the effusive celland a
Cs0 dielectric failed because the capacitance change duc to
thermat ¢ ffects were of the same order of magnitude as the
change duc to loss of the. Ceo diclectric.

The QCM sensor is placed 0.27 m from the quartz effusive
cellnozzle. calibration is performed by monitoring the
deposition rate IN ng/sec. The fullerene sample is weighed
before and after heating to determine the total mass of
cvaporated material.

Beam diagnostics have thus far been limited to the usc of an
E x B mass spectrometer which displays peaks of all of the
specics present in the ion beam. Resolution of large mass ions
in this device is not high enough to distinguish between the
various fullerencs. This was verified during DC discharge
experiments When two peaks corresponding to singly charged
and doubly charged fullerencs were observed. No attempt to
detect the presence of neutral species wasmade, Modifications

to the E x B probe arc underway to improve resolution in the
high mass range. We have also obtained a Beckman IR-18A
infrared spectrophotometer which we intend to usc for ion
beam analysis, The instrument is sensitive in the 4000 10 600
cm! range.

The RE ion engine was operated using xenon as the source.
gas. Thethruster was equipped with an optics system
consisting of stainless steel screen and accelerator grids. The
grids were spaced 1.6 x 10-3 m apart and had a set of 19
matching 3.2 X 10-3 m diameter holes. They were operated al a
total -acceleration voltage of 3.2 kV and a net-accccrating
voltage Of 1.9 kV.

The discharge could be initiated at @ RF power level of SO W,
subsequentl y, the power could be reduced below 10 W before
the plasma would extinguish. Below 40 W, the discharge
appeared very dim and no current was cxtracted from the
optics system. Above 40 W, the discharge became
considerably brighter and ions were extracted. Figure 10
shows the extracted beam current as a function of RE power
when the ion engine was opc.rated at a xcnon flow rate of
0.094 mg/s. The beam current increased rapidly with power
between 40 and 100 W and then leveled out to a maximum of
about 2.9 mA above 100 W.

Further Experiments

If an RF fullerenc plasma discharge is demonstrate.d to be
cfficient, aless fragile discharge chamber will be required. A
thin silicon carbide or alumina vessel may be a viable option.

Chamber wall healing may continue to pose a problem. The
difficulty with an inductively heated clement around the
discharge chamber wall is two-fold; 1) the wall temperature
and RF power will be couple.d. Optimized performance of the
thruster over a range of operating conditions will the.n become
more difficult, and 2) any conducting element will reflect RE
power,

The issue of propellant ncutralization also has not been
adequately addressed. It seems unlikely that hollow cathode
ncutralizers will be able to operate with a flow of fullerenc
vapor. Use of a noble gas neutralizer cathode assembly would
reduce the system mass benefits associated with using a
fullerenc ion thruster. Ina study of the reaction of C60 with
ungsten?0, it is noted that because the lowest unoccupied
molecular orbital (1 .UMO) of C60 lies deeper than the Fermi
level of noble and transition metals, there is no barrier to
charge donation. } lence, negative ion formation of fullerencs
in contact withmetals may provide a means fOr Ce0 thruster
neutralization.




Conclusions

We have. conducted high temperature stability and material
compatibility studies of fullerene mix and pure C60 and C70-
Attemperatures necessary for fullerenc ion thruster operation
(873 K),C60 remains stable. However, high temperature
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surfaces such as cathodes pose a problem. Wc have
determined an activation energy of 261.5kJ/mol for the
decomposition of fullerene Mix in evacuated quartz ampoules.
Wc have constructed an RFE thruster to generate a fullerenc
plasma and to dctermine the performance of the system
relative to noble gas discharges produced in the, same device.
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