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The Evaluation of Oxygen Interactions with Materials ITI (EOIM-II) flight experiment was developed to obtain
benchmark atomic-oxygen—material reactivity data. The experiment was conducted during Space Shuttle mission
46, July 31 to August 7, 1992. Quantitative interpretation of the materials reactivity measurements requires a
complete and accurate definition of the space environment exposure, including the thermal history of the payload,
the solar ultraviolet exposure, the atomic-oxygen fluence, and any spacecraft outgassing and contamination effects.
The thermal history of the payload was measured using 11 thermocouple sensors placed behind selected samples
and on the EOIM-III payload structure. The solar ultraviolet exposure history of the EOIM-III payload was
determined by analysis of the as-flown orbit and vehicle attitude combined with daily average solar ultraviolet
and vacuum ultraviolet fluxes. The atomic-oxygen fluence was assessed in three ways. First, the O-atom fluence
was calculated using a program that incorporates the MSIS-86 atmospheric model, the as-flown Space Shuttle
trajectory, and solar activity parameters. Second, it was estimated directly from Kapton film erosion. Third,
ambient O-atom measurements were made using the quadrupole mass spectrometer on the EOIM-III payload.
As of this writing, our best estimate of the O-atom fluence is 2.3 & 0.3) X 102° atoms/cm?. Finally, results of
postflight surface analysis of selected samples by x-ray photoelectron spectroscopy indicate low levels of molecular

contamination on the payload surface.

Nomenclature
Ap = solar geomagnetic index
a = orbit angle
ay = terminator exit orbit angle
a; = orbit angle where blockage begins
Fycc = accumulated direct solar flux
Fy7 - = solar electromagnetic emission at 10.7 cm
S = solar flux
o = solar absorptance
B = angle between the sun-Earth vector and the orbit plane
(assumed constant over a single orbit)
£ = infrared emissivity

Introduction

REVIOUS studies! of atomic-oxygen reactivity with materi-

als used on spacecraft in low Earth orbit (LEO) have been
based on changes in material properties measured in the labora-
tory and normalized to the atomic-oxygen fluence as derived from
spacecraft flight conditions and ambient-density predictions (MSIS-
86).23 Some questions regarding the validity of using long-term-
based ambient density models for short-term flight experiments have
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arisen.* To resolve this uncertainty and to test a wide variety of new
materials for which no space-flight data were available, the Eval-
uation of Oxygen Interactions with Materials IIT (EOIM-III) flight
experiment was conducted on Space Shuttle mission 46 (STS-46),
which flew July 31 to August 7, 1992. This paper presents a detailed
description of the space environment exposure for STS-46 and the
EOIM-III flight experiment. An overview of EOIM-III flight mea-
surements and supporting ground measurements is included in an
accompanying paper.’®

Flight Hardware

EOIM-III was mounted on a multipurpose payload and experi-
ment support structure on the starboard side of the Space Shuttle
Atlantis near the aft bulkhead and at the level of the orbiter still
longeron (that is, at the level of the cargo-bay door hinge line) as
shown in Figs. 1 and 2. The carousel and mass spectrometer are vis-
ible in the middle of the EOIM-III pallet, with the passive sample
carriers on the outboard side and the heated trays and environmen-
tal monitor package inboard, toward the center of the Space Shuttle
cargo bay. The mass-spectrometer ion source was of the semiopen
variety as defined by Hayden et al.” and was capable of receiving
neutral gas from a 180-deg field of view. Only the vertical stabi-
lizer, several cargo-bay components including the aft bulkhead, and
the orbital maneuvering system pods are line-of-sight to the mass-
spectrometer ion source (although occupying only a small, periph- -
eral fraction of the field of view) and, by implication, the rest of
the payload. A cross-sectional drawing of the mass spectrometer is
shown in Fig. 2.

Flight Summary
The STS-46 mission altitudes and attitudes were scheduled to ac-
commodate three primary payloads, of which the EOIM-III was the
third and final. The orbital inclination was 28.5 deg, and the solar g
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Fig. 1a EOIM-III payload configuration with temperature sensor locations (marked with a boxed T).
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Fig. 1b EOIM-III subexperiment locations.
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EOIM-III experiment as installed in Space Shuttle carge bay

before launch.
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Fig. 1¢ EOIM-III experiment payload configuration in the Space

Shuttle cargo bay.
varied between 17.5 and 24.3 deg. The STS-46 flew three altitudes.

The highest (430 km) orbit, occurring from MET (mission elapsed
time) O to 70 h, was flown to support the release of the EURECA

(European Retrievable Carrier) satellite. The second (300 km) orbit,
occurring from MET 70 to 140 h, was for Tethered Satellite Sys-
tem operations. The lowest (230 km) orbit supported the EOIM-III

angle (the angle between the orbit plane and the Earth-sun vector)
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experiment, exposing the orbiter and all payloads to a far denser
atmosphere than the earlier, higher orbits. The molecular density
of the atmosphere at the EOIM-III altitude was approximately 10
times higher than the density at the tethered-satellite deployment
altitude, and approximately 100 times higher than the EURECA-
release altitude. Because of the density increase at low altitudes and
the nonram orientations flown during most of the rest of the flight,
approximately 95% of the total atomic-oxygen fluence occurred
during the EOIM-III portion of the mission.

The environmental exposure of the EOIM III payload also de-
pended on the attitude of the orbiter with respect to the direction
of flight (ram direction) and with respect to the Sun. The attitude
timeline in Fig. 3 shows the ram angle, the angle between the cargo-
bay normal (—Z in Space Shuttle orbiter body coordinates), and
the orbiter velocity vector (VV). The ram angle shown runs from 0
deg, corresponding to the ~Z VV or ram orientation, to 180 deg,
corresponding to Z VV or antiram (heat shield into the VV). The
oscillations between 0 and 180 deg visible during earlier parts of the
mission correspond to various inertial hold attitudes or roll maneu-
vers. The EURECA -release portion of the flight included periods of
ram attitude and periods of a solar inertial hold, during which time

the cargo bay was facing the sun. The EOIM-III mass spectrometer
was on for approximately 17 h during this part of the flight. During
deployment of the tethered-satellite system, the flight attitude was
mostly an “airplane mode” orientation—the cargo bay was facing
away from Earth. The mass spectrometer was on for about 4 h during
tethered-satellite operations.

EOIM-II was initiated at MET 5 days, 22 h, 30 min (5:22:30 =
142.5 h) shortly after reducing orbital altitude to 123-124 n.mi. A
wastewater dump was conducted between MET 5:20:37 and MET
5:22:30 with the Space Shuttle attitude adjusted to minimize the
chance of particles from the waste stream recontracting the Space
Shuttle. The Space Shuttle was placed in the —Z V'V attitude for
EOIM-II at MET = 142.5 h.

Thermal History

The thermal history of the EOIM-III payload was measured by
11 thermocouple sensors placed behind selected samples and on
the EOIM-III payload structure (Fig. 1a). Because of noise in the
temperature data and the large number of measurements from each
sensor (one sample per second), the data were appropriately filtered
and time-averaged before plotting. Figures 4a through 4d show the
filtered output of selected sensors. Temperature variations are con-
sistent with vehicle flight conditions, with the hottest period for the

210 passive plates occurring during the EURECA release. Diurnal varia-
180 tions in temperature are visible in the data (note MET 100-130 h on
150 | the figures). Other temperature variations are due to vehicle attitude
- or operation of heaters on the temperature-controlled plates.
8 120 Bt 44l The thermal mass, thermal conductivity, and thermal-radiative
AR N || L0 A () S ) — ] properties o (solar absorptance) and ¢ (infrared emissivity) of the
£ thermocouple mounting assembly determine the temperature re-
& l ported by a thermocouple sensor. This temperature is only an ap-
Y “ } proximation of the temperature of any nearby materials samples.The
0 effects of sample thermo-optical property variations can be gauged
® by a comparison of the two thermocouple readings from the passive
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Fig. 4b Passive paliet sample disk/carrier.

Fig. 4d Active pallet (200°C) heated plate at the thermostat.
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(adjacent sample cells). The thermo-optical properties were deter-
mined by the choice of sample material mounted on top of each
sensor: aluminized Kapton film with the aluminum side up in one
case (@ = 0.12,& = 0.04, /e = 3) (Fig. 4b) and the Kapton side up
in the other (o« = 0.33, £ = 0.82, a/¢ = 0.4) (Fig. 4a). The effect of
the large difference in /¢ can be seen in Figs. 4a and 4b, where the
aluminum-side-up sensor shows significantly higher temperatures
throughout the mission. During the 42-h EOIM-III period, the aver-
age temperatures were 303.6 and 293.0 K for the aluminum-side-up
sensor and the Kapton-side-up sensor, respectively. The extremes of
temperature resulting from diurnal variations in solar heating were
from 289.5 to 320.0 K for the aluminum-side-up sensor and from
278.3 to 309.9 K for the Kapton-side-up sensor.

Thermocouple sensors on the 473-K heated tray were placed both
on the tray thermostat and in a sample-holder cell. The thermo-
optical properties for the sample-cell sensor were determined with
an anodized aluminum disk that was identical to the rest of the
payload aluminum, so that any differences between the sensor
readings were due to configuration interactions alone. The ther-
mostat sensor on the 473-K tray shows a much smaller diurnal
temperature variation and a significantly higher mean tempera-
ture than the sample-cell sensor (Figs. 4c and 4d). The mean,
maximum, and minimum temperatures during the EOIM-III ex-
posure (excluding the large temperature drop that occurred when
the heater was off near MET 150 h) were 485.0, 488.1, 483.2 K
for the thermostat sensor and 456.7, 464.7, 452.3 K for the sample-
cell sensor.

The temperature measurements reported above were made to sup-
port definition of the sample temperature, as well as the uncertainty
in sample temperature, both before and during the EOIM-III atomic-
oxygen exposure. Measurements of sample-holder and payload-
structure temperature provide only a first estimate of the actual
sample temperature, which is also affected by the sample a/e.
The temperature measurements reported above show that average
samples temperatures achieved during EOIM-III were within 5%
of the design temperature even in the presence of large variations
in sample a/e. The average temperatures reposted by thermocou-
ple sensors on various EOIM-III subexperiments during the ram
oxygen exposure are shown in Table 1. The uncertainty in the
corresponding sample temperatures is estimated at 5% of the in-
dicated value.

Solar Ultraviolet and Vacuum Ultraviolet Exposure

An analytical determination of the equivalent sun hours (the en-
ergy received by a surface with the sun normally incident toitfor 1 h)
experienced by the EOIM-III payload was performed to determine

Table 1 Average temperatures of EOIM-III subexperiments

Thermocouple location Average temperature, K

Passive tray, Kapton/Al sample 294
Passive tray, A/Kapton sample 304
Heated tray, 333 K, Al sample 337
Heated tray, 393 K, Al sample 392
Heated tray 473 K, Al sample 456
Static stress fixture (MSFC) 293
Composite stress fixture, pallet 1 294
Composite stress fixture, pallet 2 289

the solar ultraviolet and vacuum ultraviolet (uv-vuv) doses to ex-
posed materials. EOIM-III operations consisted of only a few atti-
tudes. Prior to EOIM-III operations, however, numerous attitudes
were flown. Hence, two different methods were used to calculate
the solar exposure. .

The Thermal Interactive Mission Evaluation System (TIMES89)®
computer program was used to characterize the solar exposure in
the period prior to EOIM-III experiment operations. This program
allows analysis of unshadowed sensing surfaces as they move and
reorient throughout their orbit. The solar irradiance on the experi-
ment was calculated using the as-flown mission attitude timeline and
the known orbit parameters. While all major attitudes were analyzed
(both local-vertical local-horizontal and inertially referenced), sim-
plifying assumptions in the TIMES89 code prohibit modeling of
attitude-to-attitude transitions. Thus, exposure during these periods
was approximated by holding the previous attitude until halfway
through the transition period and then instantaneously switching
to the new attitude. The assumption of unshadowed sample sur-
face should hold reasonably well for this configuration, as the sun
sensor was located high in the cargo bay and had few potential
solar-illumination blockers.

For the period of time encompassing EOIM-III operations, the
cargo bay was facing into the velocity vector direction; and the
majority of the time was spent in either a tail-to-Earth or a nose-to-
Earth attitude. Since this period of time was of specific interest, a
more detailed assessment of the potential blockage by orbiter com-
ponents was performed. A detailed geometric model of the con-
figuration was used, and the location of the onset of solar blockage
was assessed based on line-of-sight considerations using the thermal
synthesizer system (TSS) software.” These data were used in con-
junction with the following equation to determine the accumulated
solar flux (Facc) during each orbit:

ay
Facc = SCOSﬁ/ (—sina)da = Scos g [cosaly? (1)
a

Note that this equation applies only to the case where the orbiter
cargo bay faces into the velocity vector direction. Also, for all lo-
cations other than between the orbit angles a; and a3, Facc = 0
because of blockage or angles greater than 90 deg with respect to
the solar vector.

If the accumulated direct solar flux is divided by the product of
the solar constant and the orbit period, the result is the equivalent
sun hours for that orbit. The solar uv exposure is calculated by
multiplying the equivalent sun hours by the uv-vuv fluxes measured
by the Solar-Stellar Comparison Experiment 1 (SOLSTICE)!'-12
on the Upper Atmosphere Research Satellite (UARS). The resuiting
solaruv exposure values are presented in Tables 2 and 3. Note that the
short-wavelength limit for SOLSTICE is 119 nm, so the valuesin the
interval 119 to 10 nm are not measurements, but are from a model
that uses the solar 10.7-cm radio flux.!* The 1-o uncertainty for
UARS measurements is 5%, and for the extreme ultraviolet model
results is 30%.

Atomic-Oxygen Fluence

The atomic-oxygen fluence is determined in three ways. First,
the AOFLUX (atomic-oxygen fluence) computer program, which
incorporates the MSIS-86 atmospheric model and the as-flown
Space Shuttle trajectory, was used. Second, the fluence measured

Table 2 Solar ultraviolet spectral irradiance history

Irradiance, mW/cm?

Mission Sun
days® hours A=250-200 nm 200~-150 nm 150-119 nm 121.5 nm 119-10 nm
0-2.0 5.8 2.00 x 107! 9.82 x 1073 1.10 x 1073 8.81 x 1074 34 x 1074
2.0-4.0 6.8 2.01 x 107! 9.85 x 1073 1.13 x 1073 9.10 x 10~ 3.6 x 1074
4.0-5.8 104 2.01 x 107! 9.89 x 1073 1.16 x 1073 9.31 x 10~ 3.7x 104
5.8-6.0° 0.5 2.02 x 107! 9.93 x 1073 1.17 x 1073 9.45 x 10™* 3.7 x 107
6.0-7.0 44 2.02 x 107! 9.95 x 1073 1.18 x 1073 9.51 x 10~ 3.8 x 10~4
7.0-8.0b 3.0 2,02 x 1071 9.99 x 1073 1.19 x 1073 9.63 x 10~ 3.8 x 104

“MET. The numbers shown represent the beginning time and time of the measurement interval in days.

PEOIM-III exposure period.



KOONTZ ET AL. . ) 479

Table 3 Cumulative solar ultraviolet
spectral incidence

Wavelength, nm Cumulative incidence, Jem?

250-200 224
200-150 1.10
150-119 0.128
1215 0.103
119-10 0.04

directly from Kapton film erosion. Such measurements are discussed
indetail in Ref. 6. Finally, ambient oxygen-atom measurements were
made using a mass spectrometer that was calibrated before and after
the mission in the HVAB (high-velocity neutral-atom beam) system
at the LANL (Los Alamos National Laboratory).* All fluence es-
timates are summarized in Table 4. As shown there, the MSIS-86
calculations, mass-spectrometer measurements, and Kapton weight-
loss or profilometry measurements produce nearly identical fluence
determinations.

AOFLUX Calculations

The AOFLUX program, written to calculate the expected O-atom
fluence, was based on the MSIS-86 atmospheric model®® and the
as-flown timeline (which included the altitude, latitude, and longi-
tude). Solar activity parameters recorded during STS-46 at the Space
Environment Services Center (National Oceanic and Atmospheric
Administration) were used (instead of monthly average values) to
allow for the magnetic substorm activity observed during EOIM-IIL
Mission-specific values for the daily-average geomagnatic activity
A, and the daily solar radio noise flux values Fyo; are given in
Table 5.1

The O-atom densities calculated from MSIS-86 were used with
the velocity of the spacecraft to calculate the total flux to the space-
craft. Integrating the total flux throughout the mission gives a total
fluence to the spacecraft (before orientation effects are included) of
3.4 x 10% O atoms/cm?. The total flux at each time increment was
multiplied by the cosine of the ram angle (shown in Fig. 3) to obtain
the net flux to the EOIM-III payload (shown in Fig. 5). Note that
the fluxes for angles greater than 90 deg were simply set to zero.
By integrating the net flux throughout the mission, the fluence to
the EOIM-III payload is calculated to be 2.3 x 10 O atoms/cm?
(Table 4). Of this net fluence, 95% occurs during the low-altitude
ram orientation (Fig. 5). The magnitude of the diurnal variations
during the ram period between hours 142 and 185 can also be seen
in the figure.

Kapton Recession Measurements

Measurements of Kapton polyimide surface recession or weight
loss made following several previous LEO flight experiments* 1617
have produced the widely accepted value of the Kapton reac-
tion efficiency of (3.0 & 0.3) x 107%* cm’/atom. MSIS-86 was
used to calculate the O-atom fluence needed to calculate poly-
mer reaction efficiencies in all previous LEO flight experiments.
To determine the EOIM-III O-atom fluence using Kapton surface
recession or weight-loss measurements, without referring indirectly
to MSIS-86 calculations, an independent measurement of Kapton
reaction efficiency was conducted in the HVAB at LANL (de-
scribed in Ref. 6). The EOIM-III O-atom fluence based on the
LANL measurement of the Kapton polyimide reaction efficiency
is (2.3 4-0.07) x 10% atoms/cm? based on weight loss and (2.4 +
0.09) x 10%° O-atoms/cm? based on surface recession measured by
profilometry.

Mass-Spectrometer Measurements

The EOIM-III quadrupole ion neutral mass spectrometer'®
scanned a mass-to-charge ratio range of 0 to 72 amu/e every 5.12 s
with a digital resolution of 0.142 (amu/e) channel (512 digital data
channels corresponding to 0-72 amu/e). The mass-spectrometer res-
olution AM /M, calculated as the mass peak width (full width at half
maximum) at mass 28, was 0.011 throughout the mission and dur-
ing the preflight and postflight calibrations. The mass-spectrometer
output signal was logarithmically amplified, which permitted the

Table 4 Summary of EOIM-III atomic oxygen fluence estimates

Measurement method Fluence  Measurement uncertainty
AOFLUX (MSIS-86) calculation 2.3 x 102 +0.35 x 10202
Kapton erosion weight

loss (3 samples) 2.34 x 10% +0.07 x 10%0°P
Kapton erosion profilometry

(4 samples) 2.41 x 10% +0.09 x 1020¢
Mass spectrometer—empirical

calibration from in-flight data 2.3 x 102 +0.14 x 10%

315% estimated from MSIS.
PWeight-loss uncertainty.
“Profilometry uncertainty.

Table 5 Daily-average geomagnetic activity values A,
and daily solar Fyg 7

Daily 90-day average
Date Daily A, Fro7 Froz
07/31/1992 11 103.0 125.0
08/01/1992 09 110.0 125.0
08/02/1992 06 125.0 124.0
08/03/1992 05 131.0 124.0
08/04/1992 13 131.0 124.0
08/05/1992 43 131.0 124.0
08/06/1992 19 138.0 124.0
08/07/1992 42 141.0 125.0
08/08/1992 22 144.0 125.0

201015 B . .
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Fig. 5 Atomic-oxygen flux on the EOIM-III payload during STS-46
as calculated with MSIS-86.

display of seven orders of magnitude in mass-spectrometer detector
current in a 0- to 5-V analog signal that was then digitized with
an 8-bit analog-to-digital converter. Mass spectra were produced in
either ion or neutral operating mode. In neutral mode, a repeller grid
excluded naturally occurring ionospheric ions, and neutral gaseous
species entering the ion source were ionized by electron impact. In
ion mode, the repeller grid and the filaments producing electrons
for electron impact ionization were shut off, and naturally occur-
ring ionospheric ions entering the ion-source volume were mass-
analyzed and detected.

The primary objective of the EOIM-III mass-spectrometer ex-
periment was to measure the O-atom fluence for comparison with
the fluence calculated using the MSIS-86 model of the thermo-
sphere. The mass spectrometer was subjected to an extensive cali-
bration process both before and after the flight (as described in an
accompanying paper'#) to permit accurate quantitative estimates of
O-atom flux and fluence from the mass-spectrometer data. The O-
atom fluence was determined as follows. First, the data were divided
into 5-min intervals corresponding to the 5-min intervals used in
the MSIS-86 calculations. Within each interval, all complete, valid
spectra appropriate for use in neutral flux and fluence calculations
were averaged. A typical 5-min-average spectrum taken early in the
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EOIM-III ram exposure period is shown in Fig. 6. Figure 7 shows
an overview of the 5-min-average spectra taken throughout STS-46.
The data have been averaged into 1-h time blocks for a qualitative
view of the entire STS-46 mission. The start of the mission is to-
ward the front of the picture, and flat lines indicate the times when
the mass spectrometer was either turned off, facing the carousel, or
in ion mode.

The 5-min-average spectra were used to calculate the O-atom
fluence. Mass peak areas (peak sums), not peak heights, were used
throughout to obtain the best possible signal-to-noise ratio. Peak
sums, which retained the units of amperes, were calculated by sum-
ming the mass-spectrometer signal amplitude in the seven adjacent
digital data channels containing a mass peak. The unmodified peak
sums for the M/e = 16, 28, and 32 peaks (O, N, and O,) are
shown in Figs. 8-10. To calculate the O-atom flux, the peak sum at
M /e = 16 was corrected for contributions from M /e = 16 frag-
ment ions from molecular oxygen and water by subtracting 26%
of the M/e = 32 (O,) peak sum and 1.7% of the M/e = 18
(H,0O) peak sum, as determined during preflight and postflight cal-
ibrations at LANL. The O-atom flux that produced each 5-min-
average spectrum was then calculated by multiplying the corrected
M/e = 16 peak sum by a calibration function described below.
The net O-atom fluence was then determined by adding up the
fluences for the various 5-min periods. The result is summarized
in Fig. 11.

0.1

0.01

TR S T 7T

M$S-02 Current , microamps
=
A

106

popud ooenvpt v bveed 3 ovaneyld Loebd 1t

LRRLLLT
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Mass

-
o

Fig. 6 A typical 5-min-average neutral mass spectrum from the early
part of the low-altitude ram period.

The calibration function was derived from both ground-based
calibration of the mass spectrometer in the HVAB at LANL and
mass-spectrometer performance data from STS-46. The EOIM-IIT
mass spectrometer showed an O-atom-fluence-dependent sensitivity
decay both in the HVAB at LANL and during STS-46.4 However,
different sensitivity decay functions were observed in the lab and
on orbit (Fig. 12). For this resion, the zero-fluence O-atom flux
calibration factor determined in the HVAB at LANL was used with
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Fig. 9 N; (e/M=28) current.

Fig. 7 An overview of the neutral spectra from the EOIM-III mass spectrometer from STS-46.
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an empirical sensitivity decay function derived from a fit to the
corrected M /e = 16 peak sum data from STS-46 to produce the
calibration function:

0.006
™ 0.0047968 — 0.0022472 log(MET — 142.5)

y 2

Using this calibration function, the corrected O-atom peak sums, and
the percentage of mass-spectrometer on-time, the measured EOIM-
M1 mission fluence is (2.3 £ 0.14) x 10%° O atoms/cm?,

The EOIM-III mass spectrometer was calibrated for direct mea-
surement of high-velocity O-atom flux both before and after flight
on STS-46 in the HVAB at LANL. Details of the calibration method-
ology and a summary of calibration methods and results have been
reported.'* Calibration studies were conducted over a period of sev-
eral years prior to STS-46 as well as after the mission. In general,
the EOIM-III mass spectrometer showed excellent stability, with the
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Fig. 11 Logarithmic fit to the corrected O-atom peak as a function of
MET after 142.5 h.
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Fig. 12 Comparison of O-atom peak decay during flight and labora-
tory exposure.

O-atom flux at low O-atom fluence showing a maximum variation of
5% and the partial-pressure sensitivity factor for nitrogen gas vary-
ing by less than 10%. However, the apparent fragmentation yield of
O from Of was re-examined so that the previously reported 10%
correction factor!* was increased to 26% for O-atom fluence calcula-
tions as a result of thermal-gas calibration measurements conducted
prior to and just after STS-46. Mass-spectrometer performance
and flight data are discussed at greater length in the accompanying
papers.

EOIM-IH Contamination

Since atomic-oxygen effects are influenced by contamination, de-
posits on sample surfaces were measured both in flight and after. In-
flight measurements were made using quartz crystal microbalances
(QCMs) in the Environment Monitor Package (EMP) provided by
Goddard Spaceflight Center."” The EMP contained five QCMs—
four coated with reactive materials and one not overcoated—and
was located to the side of pallet 1 as shown on the right in Fig. 1a.
The response from the uncoated crystal for the entire mission is
shown in Fig. 13 and is representative of the response of all five
microbalances. A large amount of contamination (several thousand
angstroms) is indicated, and most of the deposition occurs during the
EOIM-III portion of flight; contamination deposition is associated
with ram atomic-oxygen exposure. Because of the inconsistency of
these results with the numerous postflight x-ray photoelectron spec-
troscopy (XPS) surface analyses, which show only small amounts
of contamination on the top plates of the experiment, it is expected
that the EMP was contaminated from a localized source below the
pallet top but within the EOIM-III hardware.

The results of the postflight contamination survey of the EOIM-IIT
payload are shown in Table 6. XPS was used to measure the ele-
mental composition and state of chemical combination of the near-
surface region (10-50 A from the surface) of the sample. Samples
were surveyed for a variety of elements, but only silicon was iden-
tified as different from the substrate composition and is reported in
Table 6. For all the surfaces measured, the substrate elements were
evident in the XPS spectra, indicating incomplete coverage (less
than 20 A) of the contaminant layer. From the XPS results, it can
be concluded that a small amount of contamination did deposit on
the experiment pallets, but it is insignificant and should not affect
the atomic-oxygen measurements.

Additional evidence confirms the relatively low levels of con-
tamination occurring on EOIM-III samples: the measured reaction
efficiencies of Kapton and other polymer films [which were in good
agreement with measurements made on STS-8, STS-41, and LDEF
(Long Duration Exposure Facility)], and the performance of the
atomic-oxygen monitors (AOMs).’ The AOMs consist of an array
of thin-film carbon resistors, which showed increasing resistance as
the carbon was removed by O-atom reaction. The AOMs showed a
constant or slightly increasing rate of resistance change throughout
the EOIM-HI ram period, which would not be observed if a coating
of SiO, were accumulating on the carbon resistor surfaces at the
rates indicated by the EMP.
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Fig. 13 Frequency change of uncoated crystal during the flight.
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Table 6 Survey of EOIM-III x-ray photoelectron
spectroscopy contamination

Payload location Sample type Siat. %
Mass-spec. ram Silver/Tefion® 44
Mass-spec. payload bay view  Silver/Teflon 122
Mass-spec. starboard Silver/Teflon 0.0
Mass-spec. ram Kapton tape (exposed) 32
Mass-spec. ram Kapton tape (unexposed) 0.0
Variable exposure tray mount  Steel washer (exposed) 2.7
Solar ultraviolet mount Steel washer (exposed) 0.0
60°C tray Steel ground strap 3.8
Polysulfone (exposed) 0.8
Polysulfone (unexposed) 0.0
Mylar-A (exposed) 24
Mylar-A (unexposed) 0.0
Aluminum 7.1
120°C tray Steel washer 7.7
Kapton (exposed) 2.0
Kapton (unexposed) 0.0
Aluminum 94
Aluminum 6.6
Passive trays 7, 8 7 polymer films 38126
Conclusions

A detailed characterization of the EOIM-II materials exposure
environment has been completed. The atomic-oxygen fluence cal-
culated using the MSIS-86 model of the thermosphere and as-flown
Space Shuttle trajectory data (combined with the daily measure-
ments of the solar activity and geomagnetic indices) is in good
agreement with mass spectrometer and O-atom dosimeter mea-
surements made during STS-46. Temperature measurements made
during EOIM-HI provide a complete thermal history of the pay-
load and provide the investigators with useful sample temperature
histories. UARS investigators provided solar uv and vuv measure-
ments, which, combined with the STS-46 trajectory and vehicle
attitude data, allow calculation of net solar uv and vuv radiation
doses to the EOIM-III materials samples. Postflight XPS analysis
of materials samples and in-flight performance of the AOM demon-
strate that contamination of EOIM-III was, in fact, nominal and in
no way interfered with the scientific and programmatic objectives
of the payload. The severe contamination indicated by the TQCM
(temperature-controlled quartz crystal microbalance) sensors in the
EMP component of EOIM-III was localized in the immediate vicin-
ity of the EMP.
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