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FOREWORD

Tis lechnical repori documents the results of a study of the effects of window
conlamination on the abilily of an astronaul to detect stars The program
was per{ormed for the National Aeronautics and Spasce Admunistration under
Ames Research Cenler direction on Contract NAS 2-5015, MMr. Bedford A
Lampkin, techmical monitor This study 1s the second of a two~parti program
to mvestigate the abilily to astronauls {o detecl siarts visually through space~
crafl windows  The first part 1s reported 1in a separate document entitled,
"An Experumental and Analylical Study of Visual Detection in a Spacecrafl
Environmeni ' a

Honeywell Inc., Systems and Research Division, performed this study under
the direction of Mr R.N Schmidt during the period 1 July 1969 through

1 January 1970 Dr. Roger P. Hewmnsch was the principal mvestigator.
Assislance of Mr, Robert Daggit for running the vacuum tests, Mssrs

Bim CGupta and Bernard Leland for data taking, and Mr. Tein Chow for pre-
paring compuliexr codes 1s gratefully acknowledged.
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STUDY OF ASTRONAUTS! ABTIITY TODETECT STARS THRCUGH
CONTAMINATED SPACECRAFT WINDOWS

By Roger P Heinisch and Roger N. Schmidi
Systems and Research Center
Honeywell Inc,

SUMBMARY

Astronauis have experienced difficulty 1n seeing navigational stars through
spacecraft windows on the 1lluminated side of the spacecraft, The objeciive
ol this mvesfigation was to predicl the star magnitude which can be seen wailh
the naked eye or a sextanti telescope through a contaminaled spacecrafl window
The effects of geometry and oulgassing condiiions on that objective were
studied In addition, a relative comparison was made between laboratory
coniaminated windows and a small specimen flown on an Apollo flight,

The results mdicate thal the RTV560 used Lo seal the windows severely con-
taminates the window by outgassing High-~lemperalure~cured RTV3560 18
much worse in ithat respect than room-temperature~cured RTV580 In
general, 1t 1s evident thai, using a telescope or the naked eye, an asiroanut
will have difficulty seeimng usual navigalionalstarsunder background condalions
caused by light scattered from the contaminated windows studied 1n this
program

INTRODUCTION

This study (part two of a two-part program) was initiated hecause of the con-
cern for the degradation of an astronaul’s visual navigation capacity due to
contaminaftion of the spacecraft's window. The specific concern 1s thail win-
dow contaminanis, introduced either on the launch pad or in flaghl, will cause
light to be scattered in the plane of the spacecrafi window This scatiered
hight will produce a veihing luminance in the asironaut's field of view and will
reduce the visual detection threshold.

The following four possibilities have been suggested as primary contribuiors
to the asironaut's reduced visual deteclion threshold-

1) A cloud of debris {dumped waste, spacecraft oulgassants,
and reaction jet exhaustis) surrounds the craft reducing
the iransmassion qualities of the medium as well as pro-
ducing a luminance veil resuliing from scatiered light,

2) The windows become contaminated wath condensates and
vehicle outgassants which reduce the window transmission
qualhities. -



3} The conlaminaied windows gcatter energy from other sources,
such as Lhe sun, moon, and earth, which creates a Iuminance
veil

4} The clean window itself scalters and reflects energy from
other sources which creates a luminance veil

The initial program (ref. 1) studied (4) above, this poriion of the program
siudied {3} contaminate scattered energy. This mvestigation altempts only
a cursory evaluation of the contamination problem.

The objective of the firsi program {ret 1) was to siudy the effect of the
geometry of the source light-window-viewing orientation, window coating

and te predict the star magnitude which could be detected with the naked eye _
or a sextant lelescope through a spacecrafl window. An apparalus was buill,
mstruraented, and used for measuring the scattering luminance of lypical
spacecraft windows. Window llurmanation from the sun, moon, and earth was
computed for typical orbit conditions. Star magntidue detcciion thresholds
were predicied from ithe scatfering data and window 1lluminations by applymg
the classical Tiffany visual threshold data, The star detection thresholds
were computed for both unaided vision and vision using a monocular telescope.
The measurements mdicated that window cleanliness 1s of paramount
importance i reducing light scattering. When considering the light transport
through the spacecrait windows, light reflecied off the windows from mside
the spacecrafl cabmn was found to dominate ihe scattered light caused by the
externally mncident flux.

The resulis of lhus study provide a guidcline by which the severity of the out-
gassmg cifects on astronaut's vision can be assegsed Three independent
studies were conducted-

@  The effect of possible contaminants mntroduced by the
Apollo on-pad cleaning procedure was evaluated

&  Laght scaiter from a glass specimen flown on the Apollo 9
and exposed to a spacecraft environment was measured lo
determaine scatler levels

e  The effect of conlaminanis czused by outgassing RTV
silicone rubber was siudied

The effect of spacecralt window contaminaiion on the ability of an astronaut
to visually delecti stars 18 predicled as a funchion of s1x parameters These
parameters are the charactersistics of the human eye, the effeci of the optical
gysiem used to view the star, oricntation of the window with respect {o the
sun, moon, and earth, distance from the sun, moon and earth, viewing angle,
and number of window panes, For the purpose of this invesiigation, the
ability of an asironaut to deiect slars 1s defined as the minimum siar magni-
iude that can be detecled through a window for specified values of the above
parameters., The definitron of the detection abilily was accomplished by
completing the following four tasks



o  Contammatng the window by condensing outgassanis of
RTV560 in a vacuum environment or on-pad cleaning
procedure

o Meagsuring the lighi-scatter from various window
orientations

a Calculatmg, the hght mncident on the window for each
specified "source’ {sun, moon, and earth)

e Calculaiing siar magnitudes based on a stellar threshold
model presenied in ref 1 (see Figure 18, thal document)

The resulis of the firgt program revealed that the qualily of the antireflection
coating on windows has more influence on the scaltering level than the type of

coating examined. The better windows had as low a scattering level as a
mghly-polished opucal flat. Painting the edges of ihe window black reduced
the light scattering. Light scattering created by multiple-window configura-
tions was found to be equvaleni to the sum of individual windows (superposi-
tion theory can be used). The star magmtude detection thresholds were
obtained and presented for the situation where a sextani telescope or the naked
eye 1s used at the location of maxumum, mimmum, and average scatter for
each window configuration. In general, when using a ielescope, an astronaut
in a spacecraft distant from the earth or moon 1s able 1o see slars as bright
as a magmtude 2.00 star. On the other hand, with the naked eye, an astro-
aaut has difficuliy sceing the usual nawgational stars vnder background condi-
tions crealed by the light scatlered from windows used in this program.

The light scattering distribution of three window configurations was measured
for visible light with approximately the solar specirum incident al specified
angles. The windows studied were HEA coaled Vycor.

Although the results of this study are far from conclusive 1n some areas, the
tentative conclvsions drawn provide a subslantial basis for clarifying the
mosl important steps to be taken in further study.

NOMENCLATURE
English
B constant -
BP angular position of photometer when blackbody 1s 1n
transmailied beam
BR angular posilion of photometer when specular reflex from

window 1s incideni on blackbody
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llumination

ghape faclor

luminance

diffuser luminance

molecular weight

mass to charge ratio from mass speclrometer scans
molecules/unit area of surface

molecu]es/cmzl sec

window normal

vapor pressure of material m fory

heat of absorplion

gas constant

temperature

angular position of delector in transmitted beam
weighl loss, gm/cm2/ sec

angular position of photometer when specuvlar reflex from
window 1s incident on photometer

angular pogsition of photometer when photomeier views window edge

average time

time related to lattice vibrations of a solid surface
wavelength

angle between window normal and incident laght beam
angle between window normal and line of sight
contrast limen

reflectance



Subscripts

B background
s sun

t threshold
W window

EXPERIMENTAL APPARATUS

During Phase One of this mvesligation a unigue apparatus were developed {o
measure the magmiude and digtribution of hight scailered from typical win-
dows. A detailed discussion of the apparatus and the concepts on which ihe
experimenial procedure 1s based 15 given in ref 1  Scatlering data obtained
with that apparatus is used in this report to determine star magnitude detec-
tion thresholds for use wilh unaided binocular vision and with a monocular
telescope.

The main components of the experimental facility are shown in Figure 1 and
they include the {ollowing i
e A fixed, lgh-temperature light source thal approximales
the spectral disiribution mn the visible portion of the solar
specturm

e A collimating lens to provide a 6-inch diameter light beam
with divergence less than or equal to the sun's rays.

e A fixture to hold and position the spacecraft windows with
regpect to the light beam.

® A detector with the same spectral response as the human
eye to record light scattering in various directions (0 to
360 degrees in the horizontal plane about the window).

&  Blackbodies fo absorb Iight and thus reduce the background
level for the experiment.

o A filter hood to continuously blow filicred air over the
window durmg the measurements.


http:Blackbodi.es

Lamphouse containing 1600 watt Xenon arc source

6 1/2-inch diameter, f 2.5 achromatic lens for collimation of light
Black body for absorption of light in line of sight of photometer
Filter unit from clean bench to maintain clean windows

Rotational apparatus to hold windows

Photometer

Black body baffle system used to absorb transmitted energy from light source

@
©)
©)
O
®
©
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Low interference window bracket
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Figure 1. Schematic of Experimental Apparatus
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Figure 4. Photograph of Apollo Window Holder
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Figure 5. Definition of Angles Used




1)

2}

3)

4)

5)

Soak the elemeni for geveral hours in hot "MICRO"
detergent solution

Ringe and rub with wet cotfon swab, using deionized filtered
water. Repeal this several times,

In a final siep, the oplicel surface 15 covered wilh deiomezed
waler which 1s blown off wath a jel of dry nilrogen. The
removal of the water should be completed. Also, care
should be iaken not to permit water droplets from the edge
to flow across the oplical surface after it 15 dry.

Inspect the cleaned surface by directing a brighli collimated
beam of light on the surface and viewing the surface against
a black background in a darkened room.

If step {4) shows the optical element to be clean, proceed fo
measure scatiering levels.

The on-pad cleaning procedure apparenily used by NASA was also used in
this siudy to clean ihe Vycor windows. The procedure has heen described

m a North American Aviation Inc, document with a code identification
number 03935, The specification as described in that document was wrilten
to cover windows processed to the extent of having sealant dam bonded m
place go that the window could no lenger be cleaned by immersion or flooding
with 2 cleaning solvent {(as gpecified in LA 0110-020)

The on-pad cleaning procedure is:

1)

2)

4)

Air blow - All glass surfaces are blown with a gentle sfream

of clean, dry air {rom a hand-operated rubber aspiralor or
syringe, or with a bottle of compressed dry argon or nitrogen .
gag to remove loosely adhering particles. '
Distilled water wagh ~ Following the air blow, the wimndow shall
be washed with distilled water to remove deposited salts and

the remaining dust pariicles.

Methyl ethyl ketone wash ~ Following the water wash, the
window shall be washed with chemaically pure methyl ethyl
ketone to remove any organic stains such as transferred
adhcsive from the protective paper on the window, finger-
prinis, or olher body oils,

Isopropyl alcohol wash - Following the methyl ethyl kelone
wash, ihe window shall be washed with chemically pure
isopropyl alcohol as the final washing step to remove any
residues from the previous washings

13



5} Inspection - The cleanliness of the window can be delermined
by reflected light. A fluorescent tube about one fool long
should be used. Encloge the tube in a melal contamer {shim
slock wrapped around the tube will be suilable). The enclo-
sure should have a 1/16 x 4 inch~long slit mlled in 1t so that
a uniform beam of light can be reflected from ihe surface of
ithe glass.

1n {he case of coaled windows, the vniformity of the color of the reflected
light will indicate the degree of cleanliness.

The general washing procedurc monitored above in the window cleaning
operation mwvolves the following steps-

1) Saturate a Johnson and Johnson ''Preptic' absorbent cotten
ball or the equivalent wiih solvent.

2) Wash a small section of {he window at a time. Apply suf-
ficient pressure on the colton ball to release a desired
amount of solvent so ithat running does not become
excessive.

3} Immediately wipe the washed portion of the window with
a clean, dry, lint-free, soft cotton cloth to absorb all of
the solveni before it evaporates.

4) Repeat the procedure until the entire window has been washed
with one sclvent before proceeding to the nexl solvent

5) When the cleaning operaiion hag been completed, examine
the window for uniformaiily of cleanliness, If dirty areas
remain, they may be spot washed using the same procedure v
as before.

The on-pad cleaning procedure was able to randomly get the window excep-
tionally clean. The use of the word randomly 18 in the following conlext,
Step five of ihe on-pad cleaning procedure is concerned with inspection. Due
to the techngive described above, onc cannot absolutely determine the clean~
linesg of the window. However, if the window 18 placed in the iniense light
generated in the system described under the seclion iitled Experimental
Apparatus, using the on-pad clean procedures, it 1s possible to obtawn an
excephionally clean window, therefore, ihe word randomly characterizes the
mspeciion technigoe rather than aclual cléaning procedure

In the on-~pad clean:ng procedure there is a subsection concerned with the
general washing procedvre. Silep 3 of thal procedure 1s worthy of comment

at this pomnt., A baby diaper ihat has been washed many tunes 1s an extremely
good approximation of the clean, dry, lint-free, soft cotton cloth specified mn
the procedure Gently wiping the surface with this haby diaper removes any

remaining lint and results in 2 window having only exiremely small amounts
of light scatter.

14



In ref. 1, nole was roade of the use of the Honeywell cleaning procedure oa
varwous Vyecor windows During the course of that work 1t was noted that the
surface of window 246 (HEA coated window) appeared relatively mulky Tias
appearance was still evident ai the beginming of this investigaiion However,
the application of the on-pad clean procedure elimminaled this opaque film.
Subsequent recleaning using the Honeywell cleaning procedure resulted in the
pariial reestablishment of that ilm It would appear that the MICRO deter-
gent chemically reacts in some manner with the HEA coaling thal has been
placed on the surface of the window I 1s zlso apparent ihat in some way the
chemicals used {1 e , methyl-ethyl-ketone and isopropyl alcohol) also ap-
parently react wilh the film which 18 a result of the reaction previously
meniloned, Due to the scope of this work, no efforis were made to identify
the chemaical reaclions discussed above.

11 should be mentioned that 1f either of the iwo cleaning procedures was used,
wiilh ithe inspeclion techmque which i1s described as siep 4 of the Honeywell
procedure, the windows would appear equally clean to the naked eye This
stalement excludes window 246 which had a milky film

APOLLO GLASS SPECIMENS

The dimensions of the Apolle glass specimens are given in Figure 6. The
material used 1n the Apollo window specimen was a Cormung Glass Works
prcduct in accordance with Grumman Aircrafi Corp. Specificaiion LSM 14-
4404, 'The inboard surface of the glass was coated wilth lagh-efficiency,
anti~reflectance coating Grumman Aircrafi Corp Specification LSM 14-4402.
The oulboard surface of the glass was coated with a muliilayer blue-red
coaling according to Grumman Aircrall Corp Specification LSM 14-4403
Shipped with the Apolle glass specimen was paper work which documented
the following 'The oulboard section ceonlained RTV remnants There was a
note 1o the effect that a fingerprint was removed from the mboard surface
near the cenier of the glass specimen The materials used for the cleaning
were noted to be ethyl alcohol and isopropyl alchol This cleamng was per-
formed on 19 March 1969

During ihe pericd of fime that this window was in ihe possession of Honeywell,
11 was handled with the utmost care To best of our knowledge no additional
contaminaiion was added to the surface nor was any of the contamination
originally present inientionally removed

PREDICTION OF VISUAL THRESHOLDS FOR STAR MAGNITUDES
PREMISES FOR STELLAR THRESHOLD MODEL,

People with normal vision making observations from earth under normally
clear atmospheric condilions are able to delect siars up to aboul the 6th :
magnitude. This range may be exlended {0 the 7th magniiude when viewing

) 15
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Figure 6 Apollo Glass Specimen

wiere haze and exiraneous light atienuation factors are significantly reduced
Although many factors are related te oplimal iewing conditions, four general
faclors can be defined thai play a large role in the detection of a specific
star. (1) the viewer's adaptation level, (2) the :lluminsnce level of the

star in the plane of {he viewer's eye, (3) bhackground lurinance level and

{4) the viewer!s knowledge of slar localion. For our purpose, two assump-
tions have been made regarding these four faclors (1) the adaptation level
of the viewer correspoads 10 ihe existing lununance level, and (2} the viewer
1s knowledgeable concernming the locaiion of the star The acceptance of
these two assumptions greatly simplifies the star {hreshold prediclion task
and, in addition, makes 1t possible to draw on some available probability-
cf~detection data to supplement the deteciion threshold values

Stellar magniiude, as eslablished 1s based on sea level 1lJlurminance levels
Consequenily, to predict star magnitude threshold values from spacecraft, il
18 necessary to correct siellar magnitude values for light losses due io
atmospheric absorption and scatler Baker (ref 3) has equaled this factor
to a 30 percent increase . illumination at tne edge of the atmosphere Tlis

value converied to star magnitude extends the magmiude range by a factor of
0.22

Viewing with the prescribed monocular ielescope 1s herein idealized We
consider the tclescope to be a perfect optical insirnment Thus, optical
aberrations which may reduce image quality and illununation to some degree
are ignored Only the iransmitiance and lighi amplification factors which
correspond 1o the characterisiics of a {ypical telescope are considered.

16



Backwell's Tuffany study (ref. 4) and Hardy's treatment (ref 5) of Blackwell's
dala are used as a basis for a wisual siar detection prediction model. 'The
speciiic reasons {or such a cholce are presented 1n ref. 1

Figure 7 was developed in ref. 1 to serve as our siellar prediction threshold
model. Il is vepeated here for ready reference The abscissa corresponds
1o the background luminance level which 1s superimposed upon the star
Iyminance. On ihe righihand ordinate or marg.n an i:llumination scale has
been included which permts the reader {o relaie a threshold value to a cor-
responding 1llumination value (E t) The 1llumination scale 1s a logarithmac

scale with values expressed in positive form 1n accordance wilth mathematical
convention. Thus, a characteristic of (-8 00) would have an equivalent form
of (4 0G - 12 00)

4 7-12
- l
2 FProbability of detection 904 / —+ 6-12 '_g'
-1 A Unaided binssular vision / B
0 = {3 Monocular telescope /, -
_ [=]
& - pr 512 £
= £
T 2 P e o
T T -~ g
2 3 = B
- =
£ s 2 = 7 - 2
g2 T W 312 2
™ i a
@ T .k,ﬁ“/’ £
. /,/“ 3
N 1 o o
‘g - 3
,“(.9,_«-—-:-{; _
10 :f,v-"
11 = 1-12
o .
12
13
.12
1075 1074 1073 1072 1071 10° 10% 102 10%

Bachoround lumminance, L‘J {foot lamberts)

Figure 7. Star Magnitude Detleciion Threshold versus
Background Luminance {in space)

The star threshold model 18 simply a two-curve plot with two scales that
permit relaling ithresholds either in terms of stellar magmtude or 1llumination
in vruls of fool candles All values have been corrected to read star magmtude
thresholds for the 90 perceni probabilily of deteciion level and for exoalmo-
spheric viewmng conditions

17



DISCUSSION OF STAR THRESHOLD MODEL FOR SEXTANT TELESCOPE

A silellar magnitude threshold curve has been generated that corresponds io

a sextani telescope wilh a 32-mm objective lens, 4-mnm exit pupll, a magni-
ficaiion factor {M) of 8X and a light iransmtiance factor {v) of 0 65 The
telescope threshold values are based on the premise that illumination from
the background 1s decreased by the transmitrance factor 0 65 and that 1l-
lumination from a slar is increased by the numerical faclor 41, 6. The factor

41 6 1s arrived at by calculating the product of M2 T ox by the more accepted
method of mulliiplying the transmitiance factor time the square of the raiio
of the objective Jens to the exit pupil.

It 18 assumed that the pupil of the eye 1s always as large or larger than or of
the same size as the ext pupil of the monocular {elescope

To correct for ithe expected change in star magaitude threshold values when
viewing ihrough a ielescope of these characteristics, we first corrected for
the threshold change resuliing 1n a background luminance level reduction and
then considered the stellar illumination increase  Star magmiude was not
been altered for the window iransmiitance faclor because the nominal
transmittance was near 1.0 and thus 1ls effect 15 second ovder.

The former correction may be made by a number of methods One method
would be to reier to the star magniiude curve for ihe unaided eye. Using each

decade mnterval (10—5, 18"4) on the abscissa as reference points and, from
points on the absicassa corresponding to 0 65 x these reference points, con-
struct vertical lines to the above unaided eye detection curve Al these
junctions draw horizontal lines back to the vertical grid line corresponding

1o each of their respective reference values. These junciions would then
serve as loci to construct a curve which would correct star magnilude thresh-
old for the background luminance reduciion occurring wilh a prescribed
telescope

Although this procedure 1s straightforward, a measure of accuracy can be
ganed by constructing a plot of conirast threshold versus background luma~
nance based on Hardy's star magmiude thresholds for a 0 0l-mmute stimulus
size This information 18 presented as Figure 8

Contrast thresholds are determuned from an enlarged plol of Figure 8 These
contraci threshold values are then used to determine ihe 1lluminalion thresh-
old (E 1:) n fool candles These illuminaiion threshold values thus correspond

to siellar magmiude thresholds while viewing with our prescribed telescope
with consideration given only to the background luminance change thal would
result due to the transmiitance factor.

The second step necessary 1s to consider ihe mmcrease in stellar 1llumination
realized while viewing with the telescope As stated, a 41 6 X increase 1n
stellar 1lluminalion has been assumed when viewing with the sextant lelescope
Thig set of values then serves as the numerical base for the stellar magniiude
threshold curve as a function of background luminance for ihe aided eye.

18
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In praciice, the above model has some evident shortcomings Regarding the
reduction in background luminance level when viewing with or without the
telescope, 1t 1s not Likely that the viewing field w1l be devoid of olher stars

tars in close proximily to the viewing star will obviously coniribute some-~
what to light adaptation, increasing the visual threshold In addition, nstant
dark adaplaiion has been assumed when 1a reality this 1s a rather slow pro-
cess, therefore, ihe assumption of compleie adapiion 1s only partially correct
for this case.

STAR THRESHOLD CALCULATIONS

Thus section summarizes the calculation techniques used in making the siax
threshold predictions Three differeni calculation procedures were used,
one for each of ithe following conditions, ihe window distant from the planet,
the window ncar the planel, and back reflections inside the spacecraft Each
of these has been described in delail in ref. 1

The condition where the window 1s distanl from a planei 13 the easiest and
will be discussed first  The 1lluminairon mnecident (foot candles) on the win-
dow can be assumed collimated and incident from a single direction There-
fore, ihe two-dimensional experimential scatter dala i1s direcily applicable,
The incideni 1llurmination is multiplied by ihe percent of scattering to give
the scallered contribulion to the background luminance ‘This background
value 1s used 1o obtain the gsiar magnitude threshold A numerical example
of this particular calculation is presented in Appendix B

19



The iechnigue describing the window near ihe planet situation follows: ihe
two-dimensional experimental scattering data could not be appled directly
1o tiis three-dimengional physical coadiiicn, so a somewhat realistic but
mghly simplified calcuylation scheme was devised The illurminaiion incident
on lhe spacecraft window was calculaied for conical segments symmelric
about 1the window normal

Two experimenial iwo-dimensional axgles [all in ihe conical segmenti. All
ihe energy was assumed to be contained in ihe firat quadrani, For the con-
ditions where the illumination was conlained in more than one conical section,
the total scatter luminance was computed by summing the individual coniri-
builons.

Back reflection 1nside the spacecraft was considered 1n iwo separate ways
IFirst, the trdnsmatted highl beam was assumed {o reflect from an 85 percent
diffuse refleciion space suil one foot from the window. Because the entire
G-inch diameter beam was assumed 1o be reflected from the suwl, the suit
was approximated by a semi-infiute diffuse plane. Refleclions off the win-
dow {see Appendix C for experimental data) as well as scatiering were
mcluded 1in the computation

The interior of the spacecrafl wag also modeled by a 9-foot diameter sphere
that diffusely reflected 85 perceni of the 1Humination. Again, ihe specular
refleciion measured wn the laboratory (Appendix C) was included in the compu-
tational scheme To simplify the numerical effort, a compuler program was
written {c accomplish the compulations Resulis for each of ihe above models
are presented 1n the nexi section, along wilk the data which assumed no
iniernal reflections

DISCUSSION OF RESULTS
INTRODUCTION

Scatter measuremenis were performed on iwo separate windows as well as
on a. sample specimen thal had been flown on an Apollo mission Both of
the windows were HEA-coated [an Optical Coatings Laboratory Inc ({OCLT)
proprieiary anlirefleclion coating] Using the scatter disiributions for each
respective window, threshoeld condilions were computed under which an
astronaut could detect a star through such background luminance as was af-
forded by the scatllered light (or reflecied lighi from the spscecraft interior)

All of the experimental data oblained during ithe course of the experiment 1s
presented in Appendix C  The objective of this etfort was 1o oblain from ihat
datla the maximurmn, mimmum, and the ariihmelic average values of star
magntude that could be detecled.

An anomalous condilion was discovered regarding the cleaning techmaques
used The Honeywell technique used in ref. 1 was originally to he replaced
i ihs siudy by the on-pad techmque used by NASA  When the on-pad
techmque was ulilized, the scatler levels were slighily lower than {hose
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measured in ref 1. In order ihat a proper reference (an time) be readily
available, ihe windows were contaminated and recleaned using the Honeywell
techmgue. Subsequent remeasurement of the scatlering charactleristics of

the windows resulted in slighily more scatier than obtained after the on-pad
cleaming, bui still less scatter than thail originally obtained using the Honeywell
procedure as described i ref. 1.

To hold down the size of this report not all of the available daia has been put
on graphs Il is felt thai sufficieni undersianding of the irends of the available
data can be obtained from dala encompassing selected maximum and minimum
scatter values

SCATTER MEASUREMENTS

Firgures 9 through 12 1llusirale the scattering distribufions at the particular
window mncident orientation (Y angles) where the maxiraum and the minimum
scattering occurs for windows 244 and 246 after contaminaiion. Window 244
was contaminated in the vacuum system by ihe offgassing products of the
room-~temperature-cured RTV. The data presenied for window 246, on the
other hand, was obtalned after the window was contaminated from the prod-
ucts of ihe high-temperature-cured RTV The disconiinuous character of
the dala indicales a few data inputs during the course of the experiment that
are nol scattering daia.

The discontinuiiies evadent 1n Figures 9 through 12 are dve to physical
constraints inherent in the measurement apparaius and ihe physics of ithe
problem The dala for those disconlinuities are presenied in Appendix C. In
particular, referring fo Figure 9, WR denotes the specular reflection {rom
the window As the window-Sun angle increases (1 e , ¥ >0° the specular
reflectron from ihe window is incident on the pholometer at larger 6 values
Although a valid measurement can be (and was) made at tlas position, the -
data, from a scattering slandpownt, i1s anomalous Also when the photomeler
1s rolated to 6 = 90 degrees or 270 degrees, WE, the line of sight 1s parallel
with the front and back surfaces of the window In effect, the measurement

18 of the background only The notation TB refers to the transmmitied beam
The iniense 6-i1nch diameter heam 1s, to a large extent, iransmitied by the
window(s} Agdin, measuremenis could have been made bul they would have
indicated the {ransmitiance of the window and not the scaltering m a particular
direction When ihe photometer 1s rolaled such thal the blackbody 1s flooded
by the transmitied beam, ihe photometer views a background (the 1lluminaled
blackbody) that i1s of higher intensity {han the scallering Consequently,
measurement cannot be made at this position In like manner, the blackbody
cannoi be placed directly in the path of the light beam which 1s specularly re-
flected from the window This instance 1s denoted BR

Of pariicular inlerest 1s a direct comparison of Figures 9 and 10 These
data were obtained after ihe windows were subjecled to oulgassing from RTV
1n a vacuum environment These curves include the locations where the
lowesl scattering value occurs for windows 244 and 246 The iwo scaltering
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distributions are guite sumilar This likeness 1s remarkable m highl of the
differences 1n the contamination hstory of ithe iwo windows Ry referring to
Appendix C other similariies are evident in the bulk of the scaltering data

Quantiiaiive data has also been oblained for the windows after cleanng with
the Honeywell procedure as well as lhe NASA on-pad procedure This data
158 presenied 1n Appendix C.

Specifically, the scatter levels obtamned from ihe windows cleaned by ihe on-
pad procedure were somewhai less than obtamed in ithe ficsi phase of this
contract {(ref 1} There was a conlaminani film thal caused the scatter levels
of window 246 (un ref. 1) to be about an order of magmitiude greater than for
all other windows considered. The on-pad cleaming procedure used in the
mvestigalion removed some of (or reacted with) thal Nilxsn  In so doing, the
light scatier levels were dimimshed gsomewhat There 1S no guantitative
measure of the mechanism affecting this phenomena FHowever, if1s as-
sumed that for thai pariicular HEA-coated window (nole- 244 1s also an OCLI
HEA-coated window), some form of chemical interaction with the coaiing
apparently had occurred.

In order ihai a daia base be esizblished in the same lime frame, the windows
(244 and 246) were re-cleaned using the Honeywell procedure Subseguent
scatlter measurements proved to be quile wnteresiing. The scatier levels
were generally lower ihan those obrained in ref. 1, but they were lngher than
those obtained after cleamng wilh the on-pad cleaning procedure The
guantitative resulis were confirmed by qualitative vigual observations of each
window

One possible explanation of the results described above 1s that the MICRO
delergent used in the Honeywell procedure to clean the windows reacts
chemically with the antireflection coating The chemicals used in lhe on~

pad cleaning procedure also apparently reaci with the products of the previous
reaction, elimuinating them from a light-scatier standpoini.

The scallering distribution was also measured from a iest blank flown on an
Apollo rmssion and acquired inflighl on an Apollo mission and acquired in-
flight by EVA These data are presented 1n Appendix C. The general scaiter
levels from ihe Apollo specimen were higher than those oblained from the
clean or the conlaminated windows. It 1is, however, obwvious that this sample
had undergone more severe contamination during its history than did ithe
windows The informaiion has gqualiative bearing for any future efforis of
this nature due 10 lhe handling of ithe sample.

QUTGASSING STUDIES

During the course of the outgassing studies, several observations have been
recorded. They are mncluded here for completeness
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Initially, the vacuum system was operated without either RTV or a window
preseni. The heaters were energized and the copper bhacking plaies brought
up to and maintamed at 200°F  After ihe inifial sysiem outgassing was ter-

minailed, a vacuum of 3 2 x 19'7 torr was mainiained for five days, No ap-
preciable outgassing was evidenti upon complelion of the healing vacuum
pertod. The window and the hmgh-temperalure-cured RTV were then inseried
into the sysiem and a vacuum was reesiablished Once ihe vacuum was
obiained, the heaters werc energized aad the RTV was brought up to and
mainiained al 200°F  This resulted in 1immediaie and exireme outgassing
{(visibly evident} The inner surface of the glass bell jar was covered with
dropleis of a {ransparent fluid Each component willin ihe system likewise
appeared "'wet" The {fluid was obviously a product of the RTV oulgassing.

The vacuum gauge also prowvided mformaiion concerning the outgassing The
pressure rose considerably upon heating the BTV  Upon reaching 200°F, il
took about two days of pumping {o obtain a low enough vacuum so that the

'mass gpectrometer could be used {5 x 10_6 torr) The besi vacuum oblained

‘after one week of pumping was 1 x 10“7 torr, where a vacuum of 3 2 x 10“7

was easily reached before the RTV was mserted and heated This outgas-
sing was s0 severe that the sensing head {photomultiplier {ube) of the mass
spectrometer was severly conlaminated The mass spectromeler would not
operate 1mifially because of the large amounts of laigmid contaminahon present,
To remedy the problem, a heater tape was placed around the sensing head
and the head was baked at aboul 175°F This healing of the sensing head
increased the system pressure by two orders of magmiude for about 24 hours.
After heating, ihe mass speclromeier was again energized and operated
normally.

Subsequent insertion of the second window (244) with room-temperature -

cvred RTV samples resulted in less apparent outgassing in the system The
window upon completion of the tesis, also had less visible confamuination,

the measurements verified this observation, One can chemically inierpret

the cause of ihis result To ascertain that a high-temperature-cured specimen
from that particular lot of RTV would cure completely through the sample, an
experiment was conducted. A Z-inch cube of RTV was cast and cured with

the high-temperature procedure Three days after curing was complete, the
cube was cut in iwo and examned The cure was complete throughout the
sample Thus a theory that only ihe outer surface cured was proven wrong

Another gualitative lest was run near the end of the invesligation lo ensure
ithat the observed resulls were wilhout error The vacuum syslem was pre-
pared and mgh-lemperature-cured RTV-560 was 1nseried wilh a clean

window The system was pumped down and heating begun in {he same fashion
as for window 246. The 1mtial condensation of outgassing producis occurced
at about the same time after heating and the quaniity was approximately the
same. After the RTV reached 2060°F, the contamination withun the belljar
and on the window and fixtures visually had the same appearance After the
sysiem had been healed for three days (a shorier period than before) the
window was removed from the vacuum siation Ii appeared {o be conlaminated
to a degree comparable with window 246 No mass spectrometer data was



taken during this testi. Scatier measurements were not performed on the
window afier conlamination. Qualitaiively, however, the siale of contamina-
fion was comparable to window 246

The mass spectrometer scans of the residual gas composiiton in the vacuum
sysiem afier each of the RTV samples was healed are presenied in Appendix
D Those scans indicale that large quantities of hydrogen are pregent Other
elemenis such as niirogen and oxygen are also evident, but to a lesser degree.

The 1dentification of outgassing products {rom RTV 560 as determined by
Pustinger and Hodgson (ref. 6)1s presenied in Table 1. Eachefthe compounds
identified 1n that swdy contained large conceniraiions of hydrogen Tias
bears oui the mass spectrometer data laken herein A gas chromaiogram of
the outgassing producis of RTV 560 has also been obtained mm ref 6 Thas
data 1s presenied in Figure 13 for reference

TABLE 1 - C\:}AS—OFF PRODUCTS FROM SILICONE, RTV 560
ref. 6]

Weight of Component
(mg/10 gms Candidate Material)

Component 14 Days { 30 Days {60 Days | 90 Days
{68°C) (25°C) (25°C) (25°C)
Metlhanol 0 04 N D 0 004 N D.
Acelone 0 003 0 0086 0. 007 0 003
Ethanol 0 09 0.1 0 4 0 3
Toluene 0. 001 0. 01 N D. N. D.
Xylene 0. 002 0.005 N D N.D.
Carbon monoxide 0 003 0 001 0 004 0 005

N D = Not detected

Other specific data has been documenied by McPherson (ref. 7) The prop-
erties of RTV 560 obtained in thai study are given in Table 2. Typical
weight loss data for RTV 560 are given in Figures 14 and 15  Of particular
significance {o {lus study i1s the mass speclromeler data as obtained by
McPherson (ref. 7) and presented in Figures 16 and 17.

The glass microscope slides which were placed in the vacuum sysfem were
seni to the contract monilor at NASA/Ames Research Center {or lus use and
disposal. The sodium chloride flats which were placed in the system were
placed in theBeckiman spectrophotometer for IR scanming The results of
these scans are presenied in Appendix D These data confirm the quahitative
and guantitative results evidenced 1n the RTV oulgassing studies of the room
and high-~temperailure-cured samples

28



Silicone, RTV 560

Storage conditions - 60 days at 25°C
A= avr
B = methanol
C = acetone
[ = etienol
D
3% s
=
2
@
= A
g
(=3
b
oz
1 B C
kw”‘ﬁJ
XB
T AR BTSN BUIE TS AR DRI SEVAT T SO TR N ST MU W SN0 SO0 20N S S A
(3] 4 8 12 l6 20 24

Minutes

Figure 13 Gas Chromalogram of Gas-Off Products
from Silicon, RTV 560 (60 days 25°C)

TABLE 2 - TYPICAL CURED PROPERTIES OF RTV 560 [ref 7]

Hardness, shore A 60
Tensile strength, psi 800
Elongaiwon, % 160
Tear resistance, LB/in 45
Bashore resilience, % 70
Britile poini Below ~ 150°F
Weighi loss at steady

siate, g/cmglsec 8 9x10°
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PHOTOGRAPHS OF WINDOWS CONTAMINATED BY RTV
IN A VACUUM ENVIRONMENT

=

To ensure thal a permanent visible record of the state of contaminaiion
would be avarlable, photographs were taken of the contaminated windows
Specifically, Figure 18 shows window 244 after contarmnaiion by the outgas-
sing from room-temperature-cured RTV in a vacuum environment. The Spots
are scatier centers which developed during ihe condensation of the outgassant
products The bright circular area i1s the lens image as seen in Figore 1
Figure 19, on the other hand s the analogous photograph of window 246 after
contaminaiion by the outgassing from high-iemperalure-cured RTV 1 a
vacuum environment, The eniire window 18 covered with the condensed
producis of offgassing. The lighi source so evident in Figure 18 cannot

be seen due to the transparent nature of the condensed film The relative
order of magmiude of the outgassing effects on wvision through spacecraft
windows 1s obvious from the two figures discussed above.

Of particular mntersi 1s a comparison of the light scatter from ihe windows
under various states of coniaminaiion. This comparison can be made by
referring to Figure 28 of ref. 1 where the {wo windows (244 and 246) are
shown 1n a clean condilion.

A very complete discussion of the field of organosilicon chemstiry is pre-
genied 1n ref. 8 This discussion 18 a guantitative basis for the substanfi-
ation of the results seen i this study, thatis, the lmgh-iemperatlure-cured
RTV 560 outgassing much more than ihe room-temperature-cured RTV 560.
Briefly the results digcussed in ref. 8 can be summarized as follows An
interchange and equilibration can be affected thermally., Monvolatile polyner
was found to rearrange and yield distillable dimethylcyclosiloxanes upon
healing to 400°C  These siloxanes are obvious in the data taken during IR
scans of the microscope slides as presented in Appendix D The particular
reactions and their causes are described in detail 1n ref 8 The reference
also documents our resulis from a itheoretical and a specific experimental
standpoint

DETECTION THRESHOLDS

The data from the iwo windows and the two-window combination was used to
make slar magmiude deteclion threshold predictions based on the wision
theory outlined earlier in this repori for a specific source of luminance. The
windows studied were HEA coated designated as 244 and 246. Siar magmtude
deteciion threshold predictions are presented for each window 11 an uncon-
raminated ( ‘clean ‘) condition, for window 244 after contamination in a vacuum
environment by offgassant products of room cured RTV, and for window 246
after contamination in a vacuum environmeat by offgassant products of high-
lemperature cured RTV.
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Figure 18. Window Contaminated by Room Temperature
Cured RTV

Figure 19. Window Contaminated by High Temperature
Cured RTV

33




The [Liest star magmtude threshold predictions are presenled in Tables 3 and
4 These star threshold values are presenied for each contaminated window
studied dluminated by an external source of light.

The iables contain star threshold values for the maximum, minimum, and
average scattering values measured for lhe windows specified Specific
values of ¥ and 0 are given for the maximum and mummum The star
threshold computations are based on two modes of ¢hservations, 1.e , ihe
naked eye and the telescope Maximum means the largesi valid scatlering
value measurcd. Obvicusly meagurements made of the transmitited heam,
the specular refleciion, ox if the blackbody in the transmiited heam would be
greaiest 1n magmtude However, such measuremenis are not considered
valid scaliering measurements. Ifor example, when ¥ = 0 deg, the transmit-
ied beam exlends from 6 of 160 tn 195 degrecs Therefore, lhe valid data
pownts adjoimng this segment are 6 of 160 degrees and 200 degrees (see Ap-
pendix C), Other snomalous dara points are also self evident in the raw data
sheets presented 111 Appendix C  The mimimum data pownt refers to the
lowest valid scattering value measured, the average refers to an arithmetic
average of the maximum and the mimmum scattering for the window consid-
ered

Table 3 indicates thal, using a sextani itelescope, an asironant in a space-
craft that is distant from ihe earth or moon will be able to see stars brighter
than & magnitude of 4. 5 through a contaminated window With the naked eye,
an asironaut would have exireme difficuliy detecting the usual navigational
stars under background conditions produced by the lighi scatter from con-
taminaled windows studied under this program.

The star magnitude prediction thresholds for ‘clean’ windows are presented
mn Tables 5 and 6. These values are presenled for illumnation-by light
sources of interest These prediciions are presented for comparison with
ihe predictions given in Tables 3 and 4 for contaminated windows Commenis
previously given that describe the structure of the tables are also applicable
for Tables 5 and 6

POLYMERIZATION OF QUTGASSING

Polymerization of condensed outgassing products on the collector drasiically
changes the properties of the condensate Subsequent gassing of the collector
13 dimminished and optical characierisiics ave allered The most common
polymerization ageni is the ultraviclet component of solar energy It appears
plausible that recurring window problems during Apollo flighis are due to the
combination of oulgassing and UV-induced polymerization Therefore, ad-
ditronal experiments duplicaiing the effect of cure on scatlering but involving
UV irradiation of the window during the outgassing are recommended mn fuiure
studies of this nature.
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TABLE 3.

- STAR MAGNITUDE PREDICTIONS, SINGLE WINDOWS

Mode of . 1D e 1D
Observation. Sun at 1 AU Farth at 2 x 107 KmEarth at 107 Km
Window Window Window
244 246 944 246 244 746
(a) (b)
: v =80° | ¥ =60° | ¥=80° | ¥=600 |¥=80° |¥ =60
2 @ =120°| 6 =100°) g =120°] @ =100° | = 120° | @ = 100°
" -
§ Telescope 4 30 3.2 3. 80 4 50 3 80 3 40
Eve -0 20 | -1.05 -0 80 0. 00 1 00 -1 20
§ ¥ =30° | ¥ =50 | ¥Y=30° | ¥ =50 IY=3a0 =00°
& 6 =230°| 0 =250°| @ =230°| @ = 250° |9 = 230° = 250°
=
g | Telescope 8. 70 4,20 8 80 7 20 8 70 6 60
i Eye 2.20 | -0 25 4 60 3.10 4 40 2 30
©h
@3 Telescope 4. 20 2.70 5 30 5.00 5 20 5.00
9| Eye -0 30 | -0 17 0 80 0 50 0 70 0. 60
< 5
Mode of Moon at 3 8x10°Kml| Earth at 200 Km | Moon at 130 Km
Obgervailon
Window Window Window
Py 946 244 246 244 246
(a) (b)
g Y =80° | ¥=60° [¥=80° [¥=60° |¥=802_|Y-=60°
g 6 =120°1 0 =100° |0 =120°{ 6 =100° {0 =120° | @ = 100°
| Telescope 4 50 5 40 1,90 0.00 3 50 1.70
2| Bye 0 00 1 00 -2 55 ~4 95 -1.20 -2 75
£ Y =380° | ¥ =50° W =80° |¥=50° |¥=30° |Y-=50
g 6 =120°| @ =250° |0 =230° |6 =250° {0 = 230° | @ = 250°
=
S| Telescope 9 20 7 75 5 70 2.75 6 70 5. 00
Tye 5 00 3 45 1.35 ~1 40 2 30 0_50
s3]
&| Telescope 6. 40 5 90 2 00 0 25 4.75 1 85
;3 Eye 1 80 1 50 -3. 25 ~4 25 0 35 -0 75
<4

*Window 244 - Contaxmnated by room-iemperature-cured RTV

medow 246 - Contaminated by high-iemperature-cured RTV




TABLE 4. - STAR MAGNITUDE PREDICTIONS, MULTIPLE
WINDOWS, 244 AND 246

Sode of on | SwnallAU Earth at 2 x 10° K| Earth at 10° Km
§ Y = 60° Y = 60° ¥ = 60°
& 6 = 100° 0 = 100° g = 100°
5
% Telescope 1.30 3 00 2.10

Eye -3, 00 -1. 40 ~2. 20
&
S ¥ =Q° ¥ =0° Y =0°
g 6 = 100° 9 = 100° g = 100°
2| Telescape 5, 80 6. 80 7 70
ol Lye 1.25 2 50 3 20
3
o} Telescope 1. 80 3.16 2. 40
;;; Eye -2 60 -1.35 -2.00
ggf:rgghon Moon at 3.8 x 105 Earth at 200 Km Moon at 130 Km
o ¥ = 80° ¢ = G0° ¥ = GO°
g 6 = 100° o =100° 8 = 100°
"
,% Telescope 4, 00 0 00 1 00
Eve -0. 50 -4, 50 -3 50
g ¥ = (Q° ¥ =Q° Y =0
g 6 =100° 9 = 100° 6 = 100°
&
=l Telescope 7 90 2. 50 5.25
5 Eye. 3..60 -2, 30 0. 75
]
8| Telescope 4,1 0 25 1 50
2 Eye -0 3 ~-4. 30 -3, 05
<
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TABLE b.

- STAR MAGNITUDE PREDICTIONS, SINGLE WINDOWS

H
Mode of

5 5
E
Observation Sunall AU Farth at 2 x 10" Km | Earth at 107 Km
Window Window Window
244 246 244 246 244 246
{a) (1)
g Y =60° | Y=50° [ ¥v=60°1%¢=50 [VY=60°1|Y=50
& 6 =100°| @ =1060°1{ ¢ =100°] 6 =100° | @ = 100°]{ 6 = 100°
¥
&| Telescope 5. 50 3 70 4 90 5 10 4 00 410
Eye 1.00 -0 75 0 15 0 50 ~0 59 0 30
& y=80° | v=80° | v=280° | v=80° |v=280 | V=380
g 0 =220°1 0 =210°| 8 =220°| § =210° | @ = 220°] @ = 210°
§ Telescope 9. 50 6 50 9 60 8 00 9 60 7 50
%l Bye 5.25 2.25 5. 65 3 75 5 40 3 20
(U]
% Telescope 8 00 4 25 7.35 5. 80 6. 40 5 70
S Eye 1 50 -0 25 3. 00 25 2. 00 1 20
=4
<
Mode of 5
Observation Moonat 3. 8x 10" Km Xarih at 200 Km Moon at 130 Km
Window Window Window
244 | 2486 244 1 246 244 | 248
§ ¥ =60° [ ¥ =50° |¥Y=60° |Y=50 |¥Y=60°1Y=50
& 6 =100°) 68 =100° |6 =100°1 8 = 100° {6 = 100°{ & =100°
¥
& Telescope 5 80 5.95 2 40 1 00 4 10 2 25
Eye 1 30 1 40 -2 10 -3.175 -0 30 -2 20
§ ¥ =80° |y =80 [Y=80° |¥=80° |¥Y=80 {|V¥=380°
g 6 =220°1 @ =210° | @ =220°] @ =210° {6 = 220°| @ = 210°
g
S Telescope g 90 8.35 6 70 3 75 7 30 6. 50
Eye 5 55 4 15 2 30 -1 30 3.15 2 10
Q
wn
@ Telescope 7 75 6 30 2 50 1 2% 4. 60 2 50
3| Eye 3 45 2 00 -2 05 -3.25 0 20 -2 3
<

*Window 244 - Honeywell ¢leaning procedure
PWindow 246 - Honeywell cleaning procedure

{
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TABLE 6

WINDOWS, 244 AND 246

- STAR MAGNITUDE PREDICTIONS, MULTIPLE

Mode of Sunat 1 AU | Barihat 2 x 10° Km|Barth ai 10° Km
% ¥ = §0° ¥ = 60° ¥ = 60°
E g = 100° 0 = 100° g==100°
»

g Telescope 3. 30 5 10 3 75
Eye -1 15 0. 50 -0 75
=
§ Y = 60° ¥ = 60° ¥ = 60°
) 6 = 220° 6 = 220° g = 220°
&l Telescope 6 75 8 00 7.75
ol Eve 2,35 3 75 3 40
g
[0
o Telescope 3 80 5. 80 5 40
5 Eye -0 45 1. 30 1.00
gigffr?rzimn Moon at 3. 8 x 10 Barth at 200 Km Moon at 130 Km
§ ¥ = 60° ¥ .= 60° ¥ = 60°
g g = 100° 6 = 100° B = 100°
g Telescope 5 60 0. 50 1 70
“l Eye 1 10 -4 60 -2 15
§ ¥ = g0° ¥ = 60° ¥ = 60°
g 6 = 220° 6 = 220° g = 220°
=)
i Telescope 8 10 3 25 5 90
| Eye 3 90 -0 80 1. 50
op
® Telescope 6 10 075 1 80
O Eye 1. 60 -2 75 -2, 10
<

Window 244 - Honeywell cleanming procedure
Window 246 - Honeywell cleaning procedure
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CONCLUSIONS

A vacuum station was fixtured so thai spacecrafl windows could be contam-

inated under condiiions similay to the spacecraft environment.

scaiter from these windows 1n various directions was deiermined usmng an

The light

apparatus designed and fabricaied under Phase 1 of s coniract {ref. 1)

Silar threshold predictions were made using light scailer dala

together with predictions of 1lluminaiion incident on spacecrafl 1n various

orbit posiiions

The resulls of tlis mvesiigaiion produced several signmficant conclusions:

& The NASA - Apolio on-pad cleaning techmgue removes
contamination which the Honeywell technigue does noti.

e  High-temperature-cured RTV-560 oulgasses more upon
healing in a vacuum than does room-iemperature~-cured

RTV-560.

e A glass specimen flown on an Apollo mission and recovered
by EVA displayed a scatter distribution characteristic of

highly contaminated windows

®  After outgassing RTV-560 (eriher room-or mgh-temperature-
cured) m a vacuum enwironment surrounding the windows,

the star thresholds are greatly reduced

RECOMMENDATIONS

Based on the mmvestigation findings, Honeywell recommends thal for any

further studies, consideration be given to:

@  Obiaxmng a fime lstory of the light scatter from the window

during outgassing

e Further 1dentifying the cure schedules concermng the
effects on RTV outgassing properites

o A specific delermination of the effecis evident on window -

246 after washing with the various procedures

o  Performing ultraviolet degradalion studies of the poly-
merization
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APPENDIX A
LITERATURE REVIEW

REVIEW

Considerable concern has been recenily expressed within the scientific com-
munity as to lhe probability of degradation of Apollo vehicle-based solar and
siellar optical experiments and the lack of suitable navigation by astronauis
as a result of various contaminants emanating {rom the spacecraft and con-
densing on the windows Prelunmary estumates suggest the possibility of
"debris comet'" up to several kilometers in diameter surrounding some ve-
hicles. Depending upon the size, density, and composition of the components
of such a cloud which condense on the windows of the spacecraft, the astro-
nautg’ vision through the windows could be seriously degraded.

Smce widespread concern over the contamination problem has only recently
been aroused, litlle information 18 available on the subject, This review of
the Literature 1s brief and only includes those references containing mforma-
tion which directly bear on this study.

An initial effort which preceded this invesiigation has been published as refer-
ence 1, In that work, an apparalus was consiructed to determine the angular
distribution of forward and backward scattering of collimated lighi with approxzi-
mately the solar spectra mcideni on clean spacecrafl windows with various
coatings. Knowing ihe incident luminous flux, lhe absolute scatler disiribution
was described in dimensionless form.

Measurements were msde on one Mng coated, two HEA coated and one un-

coaled Corning 7913 glass windows, The angle of mncidence of the collimated
beam of light was varied as was the viewing angle for all windows. REach
window was cleaned prior 1o the measurement with the best laboratory clean-
g procedures known, This cleaning was performed o minimmize scatter by
contamaination.

A rather extensive study of outgassing characterigtics of polymers was per-
formed by Muraca and Whitlick {ref. 2). The basic objective of their program
was to assist ithe Jet Propulsion Laboralory (JPL) 1 the selection of polymeric
materials {o be used 1 connection with spacecrafi design. Special attention
was given to the delermination of the effects of a simulated spacecraft environ-
ment on selected commerc:ial products. The theory of the release and conden-
sation of substances from polymers exposed to the thermal vacuum environ-
ment 18 discussed in detail, The equpmenti and procedures used for identi-
fying and measuring the release of volatile condensible material are described,

Pustinger and Hodgson (ref. 63 iested 98 candidaie materials for space cabwn

construction to establish possible volatile oulgassing and oxidaiion products,
Test conditions were designed to simulate the normal space cabm environment,
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Afler preireatment at 0,1 torr and al 25°C, candidaie maierials were siored
i bench-scale simulators for 14 days ot 68°C, and for 30, 60 and 20 days at
25°C, 1 a 5 psia oxygen aimogphere with 20 10 40 perceni relaiive humadity.
Individual components of the volaiile conlaminanis were identified and the
quantities evolved were esiumaied by gas chiromatographic and mass spectro-
metric analyses, In addition fo the outgassing experiments, a cryogenic sys-
iem for serial trappmng of almospheric contaminanis was constructed {or use
at Wright-Patierson Air Force Bage, Chio. Gas chromatographic and mass
spectrometric analyses were perfovrmed on four samples of almospheres from
broenvironmental systems,

McPherson (ref. 7) identified nonroetallic materials exposed fo space vacuuwm
for ihe Apollo system. Outgassing properties for most of these materials
were obtained from the hilerature or by experiment. Maierials discharging
and leaking from spacecraft systems and cabins were identified quantilatively
and qualitatively. An evaluation was made of the probability of conlaminants
m the debris cloud condensing on critical optical elements. Deleterious ef-
fecis on the resulis of 31l experiments could result from such condensation.
smce the cloud contamns materials which condense ar Apollo system operating
temperatures, Specilic and general recommendalions are made 1n the report
for reducing the contammanis' threats and for deriving more conclusive
results,

Bolstad et al (ref. 8) have determined the gassing characteristica of 150 can-
didate maierials for use in Honeywell-developed devices on Apollo vehicles.
The extensiwve investhigation included identification of the major gassing pro-
ducts by gas chromatography.

DISCUSSION OF OUTGASSING™

RBackground

The advent of space research has generated considerable effori to character-
1ze many nonfunctional properties of materiais. These properiies include
flammability, ignition temperatures, odor, and gassing., The gassing proper-
ties are of prume 1mportance to manned sysiems because of toxic effecis but
can also be of sigmficance for unmanned systems because of the effect of con~
tamination on windows and other oplical elemenis,

In order to estimate the effecis on light scattering from spacecraft windows,

1t 18 necessary {0 evaluate what materials may be wnvolved, thewr quaniifies,

and characterisiics. Thus, 1 1s 1mportant that structural and ablalive mate-
rials, surface coatings, sealants, elc. on the spacecrafl can be identified

MGassing'' generally refers to the evolution of various speciles from a
material. "Outgassing” is used when the material 1s 1n a vacaum environ-
ment and 'offgassing” 15 used for & nonvacuum environment,
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which, ilhrough mechanisms such as ouigassing, may coniribule potential
debris and contamination t0 the space contiguous to the window. Having
identified ihe source materials, outgassing characterisiics of these maierials
must be established 1n order to delermine the quantity, kind, and form of

the contaminants poileniielly available to form a debrs cloud. Materials
emitted from ihe spacecraft systems, such as ihe waste management system,
reaction conirol sysiem, etc,, must also be identilied, together with rates

of emission This expertmential sludy was concerned only with the contamina-
tion mtroduced by RTV 560, a General Electric silicon rubber.

Characterization of Gassing

The determination of gassing properties has improved with more rigorous
quaniitative and objective methods as longer-term space flights were con-
sidered. For the short-term flights of the Merecury program, materials
were flight-gualified (in regard Lo gassing) exclusively by subjective odor
tests, For the longer flights in the Gemini, Apollo and MOL programs,
addimvional tests have been used for qualification of the individual gassing
species, Programs have been established to delermine toxicity thresholds
for gassing producis and possible synergistic effects, lhese programs are
not directly related to window contamination, excepl that they have resulied
1 identification of the major gassing products,

Reference 9 reports tne gassing characteristics of 150 candidate materials
for use in devices on Apollo, The study included i1dentification of the major
gassing producis by gas chromatography. The major gassing producis of

the silicone rubbers, RTV-90 and RTV-503, were found to be acetone,

eithyl alcohol, toluene, methyl-isobuiyl-ketone and benzene. Recently, Crook,
(ref 10) also completied a study of 50 candidale materials for use in Honeywell
devices on MOL; RTV-632, RTV-881 and RTV-882 were included, but
mdividual gassing products were not 1dentified,

RTV-560 gassing products, in terms of mass spectromeiric fragmentation
patterns, have been 1dentified in a study of contamination aspects of ithe
Apollo telescope mount (ref 7). The specira are given ag a function of faime
and temperature over an m/e {mass {o charge ratio) range of 1-450 The
majorily of the fragments seen bad an m/e ratio of less than 250,

Mechamsm of Gassing

Polymers, with few exceptions, are gtable at temperatures below 125°C;
RTV-560 in particular, 18 stable, The gassing arises {rom nonpolymeric
components present 1n the polymers. These componenis 1nclude unreacled
materials used m manufaciure of the monomeric material, low polymeric
species due to msufficient cures, catalysts used in the manufacturing
process or curing process, residual solvents, and various additives incor-
poraied mnto the polymer,
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These materals outgas from an exposed surface of ithe polymer afier diffusion
through ithe polymer, Dala on RTV-560 shows the gassing rale, as delermined
by sample weight loss, decreases markedly afier a day or so {ref. 8 and 7).
Since the gassing corresponds to evaporation of the gassing species from the
exposed polymer suriace, ihe gassing rate mereases with increasing temp-
erature. Also, the diffusion of the gassing species through ihe polymer 1s
enhanced by higher temperatures, Eventually the gassing rale decrcases

{10 zero as the polymer hecomes depleted of the gassing species, Because

of this, a vacuwm-bake treaiment can be used to "clean-up'' polymers afier
curing; the "clean' polymer has markedly lower offgassing characterisiics.

Condensible Gassmng Products

The gassing products probably contaminaze windows during a space flight

as they collect or condense on them. The condensation of a particular

gagsing species 1s primarily a function of the temperature of the collector.

1f the collected species does not change species through reaction or poly-
merization, it will in turn be oulgassed by 1he collector. The amount of
condensed material will then depend on the gassing rale of ithe source material,
the collection efficiency and the cutgassing rate of the collector. These three
factorsg iypically cause the amount of condensed material to peak after 24 fo

36 hours., Subsequently, the amount decreases as the source material depletes
and the collector outgasses, Work on RTV-560 shows about 70 percent of lhe
total gassing products evolved in 24 hours are collecied by a room iemperaiure
collector (ref. 7). The use of suitable collectors (e, g.. sodium chloride

flats) permils fingerprinting the collected materials by infrared absorption
specira,

If the collected gassing species react, subsequeni outgassing characleristics
of the collecior would be changed, For example, ultraviolet-induced poly-
merization would preduce polymers with inherently low outgassing character-
isi1cs and such polymerized materials would be retained indefinitely by the
collector. Figure 3-13 of reference 7 illusirales the effect of UV on a viewing
window of a vacuum chamber; the window area exposed to UV appears hazy
while the adjacent protected area remains clear, As a direct result of the
dala gathering tasks performed in reference 7, known material were tdeniified
on the Apollo command service module, the mulliple docking adapter, the
lunar module ascent stage, the ATM rack, the resupply module, the airlock
module, the spacecraft launch adapler, and the S-IVB orbital workshop In
particular, they found that RTV silicones manufactured by the General Eleciric
Company are used as gealanis around the windows, entry haich, reaction
control system engines, venis, and mspection doors According to unofficial
information recewved from Norih American Awi‘uon, ihe exposed surface

area 1s'.orvihe order of ajgproxnnately 8,000 cm” for RTV 511, 5,000 em?

for RTV 560 and 450 cm” for RTV 577. It 1s obvious from the foregoing as
well ag the data obtained by McPherson (ref. 7} why the material chosen
herein for the outgassing studies was RTV 560,
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I has been demonstrated 1n references 6 and 7 that the main sources of high-
molecular-weighl contaminants on spaccerafl originale from oulgassing,
evaporation, and sublimalion from the nonmetals, This investigaiion 1s
directly concerned with the effects of contamination of RV 560 on vision
through spacecraft windows,

Identificalon of Producis

Under certain simple condifions, the loss of malerial in vacuum by evapora-
tron and/or sublimirnatlion is given by Knudsen-Langmuir as:

1/2
w = s8x102p (M) (A1)
T
where:
P = (constant exp (=l,§’.—} , or the vapor pressure of the materizl n torr
W = weight 1oss 1n grams per cm”™ per seécond
M = molecular weight {not massg of molecule)
B = constant for each material
T = temperature

For most metals and pure simple orgamc compounds, the vapor pressure

and molecular weighis are relatively well known or can be estimaled with
fair accuracy, For morganic compounds, the problem is normally more
complex because the logs of maierial can occur by several mechanisms;

1. €., molecules of the compound can evaporate and/or decompose mlo
elements or simpler compounds which in turn may evaporate, Furthermore,
when the space environment 1s considered, olher mechamsms can be mnduced
or accelerared by various types of radiation. Some orgamc malerials of
low molecular weighl can evaporate 1n vacuum without decomposition, and if
their thermodynamic properties are known, ithe Knudsen-Langmuir equation
gives good esiimates of logses mn vacuum.

However, most organic materials used in spacecraft are long-chain, poly-
mecrie compounds that can be depolymerized or unraveled 1n ihe thermal
environment of the spacecraft into more volatile fragments of unknown
structure and molccular weight and also suffer photolysis when exposed to
radration.

The thermal unraveling of these large molecules 1s a complex process and
takes place throughout the body of the mailerial, Then there 1s a complicated
diffusion and solubilily problem coupled with ithe evaporative logs for each
material. For polymeric materials, the calculations for weighi loss in
vacuwmn 1mvolve manay data which are usually unknown, or if ithe values are
known, the calculations may be too complicated to be useful. Tt 1s almost
necesgary to measure the weighl loss 1n vacuum for complex compounds.
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Weight loss rates in vacuum for malerials can be misleading if other character-
1stics are not taken inio accouni., An excellent example of this 1s the irradiated
polyoiefin rmaterials, Their weight loss rates are among the lowesl, but
experience has shown thai their oulgassed producls can severely contaminate
nearby objecls., This fact 1s well documented by McPherson (ref. 7).,

Based on the work of Muraca and Wintuck (ref. 2) it 1s estimated that at

least 50 percent of the total weight loss 18 condensable on a 25°C surface

m a vacuum. All RTV-iype silicones tested have failed to qualify for use
on spacecrail in critical areas and were not recommended for use in the

proximity of critical oplical and electirical components.

The amount of gsurface coverage by molecules condensing on ithe surface can
be described approxunalely as follows:

If n molecules sirike a unit surface per unit frme and remain for an average
time {7), ithen there are N molecules per unit area of surface, 1. e,,

™ = nt molecules cm"2 {(A2)
The number of molecules striking a cm? sec™? 1s
n = 3.52 x 10°2 P (ur) /2 (A3)

The average silting time {7} of a molecule on a surface 18 given by Frenkel
{ref. 11).

T = 1, exp (Q/RT) (a4)

where
Q = heat of absorption

and To 18 related to the lattice vibrations of the solid surface and has a value

of about 10712 16 107 1% sec,

Fquation (A4) describes the thermally driven absorption-desorption of mole~
cules on surfaces, but, in the presence of photons, the situation 18 somewhat
different, Photons can cause desorption of molecules, i, e., pholons

(A < 2400A) desorb CO from nickel surfaces and water from cadmium and
zine, the laiter under partial dissociation (ref. 12}, Lange and Riemersma
(ref. 13) studied photon desorplion of CO from a monolayer on nickel and

found a maximum yield of about 2 x 10-8 per photon at A = 3350 Ror 3.7 ev.
Photon interaciion with molecules on svriaces can also make them stay longer
Photons excite molecules, and the reactions of these excited molecules may
occur from an entirely different array of potential enerpgy surfaces then

those encountered 1n the thermally excited systems,
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Wiih the present limited gquantiiat:ve knowledge of sublimated malerials about
Apollo-type spacecrafl, it 1s difficull to make a quaniitative judgment about

ithe contamination threat for spacecraft windows, Most of the surface materials
and large areas of the spacecraft have not been 1dentified, Additional work

in severia areas 18 discussed mn the recommendations.
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APPENDIX B
SAMPLE THRESHOLD CALCULATION

Our star magnrtude threshold determinations were made by referring to our
raw daia in the laboralory~determined scatiering value and relating this value
to the scatlering level 1hat would exist in space for the specified external-
source condrtion and eye-~-window-source configuration and orientation.

We have chosen a sample threshold calculation to 1llustrate the step proce=
dure f{ollowed. .

Window: No, 244 (HEA coating) room tem-
perature cured RTV-5ilicon Con-
tamainated Surface

External light source: Farth at 2 x 10° km (Bq = 12,728 i1,
. candles)
Beam-window angle: ¥ = gQ°

Photometer (eye) - window angle: 6 = 120°

BaSO, disc liminance: T, = 187 foot lamberts

Disce reflectance factor: Pag = 0.957

Scattering luminance: L, =470x 107° foot lamberts
Experimental ambient Juminance: Ly = 8.5 x 10™% foot lamberts

(1) Incident 1llumination on window surface in laboratory:
_Ld 187

E_ cos ¥ {lab) ={ —Jcogs ¥ = .|-=2%] 0.1737 = 33,93 foot candles
o Pa 0.957

(2) Incident illumination from earth at 2 x 105 km

F E. cos ¥ = 446 foot candles

12 78

in this work, ¥ o is defined as the configuration factor from surface
2 to surface 1. Briefly, the configuration factor, Fy .9 » 18 the raiio

of the flux originating from body 1 incident on body 2 lo the total flux
originating at body 1, Mathematically, if the emission of a surface 1s
assumed to be diffuse, that 1s according to Lambert's Cosine Law, the
fraction of emitted energy from a small area dAl on body 1 intercepted

by a differenfial area dAz on body 2 1s given by
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- _ cos 051 cos gbZ dA2 dAl
da; - dh, D2

where the geomeirical notalion i1s mndicaled in Figure Bl, For the case
where area Al 1s very smail compared to area A, , the configuration

factor becomes

- _ [ cos @l cos @2 dA2 (B1)

ﬁDz

This equaiion gerves as the basig for the calculations presentad 1n
ref, 1.

Figure B1 Coordinate System
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The details of the computations and results are given in ref 1.
(3) Scailering at measured window surface in laboraiory:

Low “ g 0,470 - 0,00085

E_ cos ¥ (lab) ~ 33,93

= 1,38 x 10™2

(4) Window luminance level equaled io scatiering in space-

L. -L
w B o

E cos t (lab) cos ¥ (space)
0

B

12 78

1)

= (138 x 107%) 446 = 6.18 foot lamberis

(5) Referring to the siellar threshold model (Figure 7) we can determine
ihai an astronaut viewing against a background of 6, 18 foot lamberts
would be able to detect a star of magnilude 1.3 with unaided binocular
vision and a star of magnitude 5.8 with the prescribed monocular
telescope.
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APPENDIX C
MEASURED DATA

This appendix includes all daia obtained during the course of the experiment
As such, both raw and reduced daia are presented Porlions of the daila re-
dquire explanaiion

There are several gaps in the data due 1o physical considerations. The 6-inch
diameter light beam prohibits one from perforrmng scatter measurements
+15 degrees from ¥t = 0 and ¥ = 180 degrees This range 1s denoted by the
letter TB on the data sheets As the pholometer is rotated 360 degrees about
the window, at t{wo positions (1 e., say ¥ =0, then 0 = 90 and 270 degrees) the
photometer will view parallel io the window surfaces This dats again 1s
wnvalid for scalter purposes and il 15 denoted WE (window edge) on the data
sheets. At non-zero values of ¥ (the window inclined with respect 10 the
wncident Light), the window rellection has a large specular component that
reflects at some angle § For example, 1f ¥ = 10 degrees, then, al 8= 10
degrees, the beam 1s reflected and mstead of measuring a relatively small
scattered compconent of highl, a large reflecied value 1s recorded. This
specular reflection off the window 1s evideni not only when lhe photometer
pownts direcily at the specular reflection hui alsc at ithe conjugaie position
That 18 when the off-axis cone blackbody 1s flooded by the specular refleciion
and the phoiometer looks ithrough ihe window and records an invalid lJuminance
reflecled irom lhe i1nerficient blackbody The situation wherc the photometer
views direclly the specular reflection is denoted WR {window reflection), and,
where the photometer views ithe blackbody, il is denoted BR (blackbody re-
flection) on the daia sheets on the tollowing pages

In the data presented on ihe following pages a digital computer has been used
to reduce and record ithe necessary information. The vuse ol such a machine
precluded the notation herelotore described Insiead of L. a the computer types

out LD, for instance, other nolational change are,

Appendix C Text
PSI ¥
THETA 2,
L'w L

W
LD L a

The raw and reduced daia is presenied in the manner in which 1t was recorded
For clarity the data 1s given in the following order.
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Window 3D Angle Commenis

244 o° NASA cleaning procedure

244 A Honeywell cleamng procedure

244 a° After contamination by room-temperature-
cured RTV~560

244 0° Afier Honeywell cleaning and placing in

vacuum systemn io calibrate for system
contamination wilhout RTV outgassing

2486 0° NASA cleamng procedure
246 0° Honeywell cleaming procedure
246 0° After contamination by high-femperature-
cured RTV-560
244 & 246 0° NASA cleaning procedure
244 & 246 0° 244 contaminated by room-temperature-cured
RTV, 246 contamnated by hgh-temperature-
cured RTV.
Apollo glass 0e Large angles are invahd data due to retlection
specimen ifrom fixture. This sample was contamnated

1n space on an Apollo mission.
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NASA Cleanming Procedure
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==l 1L gief 1,666 5¢333
{ 23¢ 80 hyis 1,,2?5 3.932
_2hg 7 16568 N7 3.325
254 62348 o 2,943
264 7245 . 804 30382
28¢ Le2g8p g0 1,952
R L S I 0. |+ W LU L 1.615
61 2, 9ufS 1.1¢0 1.325
A 2e9u5 ___ Me9uH 2335 _
%%é 3 eegﬁ;’ 1. 5,5,;;; 1. 4?9
_ 39U 2.:3(4 1,743 .
30 6o 0 5
3 825 8500 2figk

62


http:1-%0'2.60
http:TAfltL_20.ft

2/12/3969

__START 1D _2#3.04
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.....__.__..z ___________ ;}) 6 } _________________________ / ’ G N
& 114 ,p;ff 8 agf;f 117 ggs
1d el 12, 86y 249 422
Y1 ﬁ"s B RRITAL 45 hd8
L 1 gS_u_ﬁﬁgi______ﬁ____m__3__aszf,_______ 18.899
log 8660 1. 866 B.71y
______ 17¢ 5. 144 1.6005 5,111
18¢ 33668 Lo 1gif] 3380 T
1%4 2,284 9 18e]50%/ 2.2606
204 L5664 [N el 1.624 \
215 143 ﬁ&;}ﬂf o }.386
22( 1.,4@ 1o1p 1. ug7
2305 3e 9&.;.5____-________5,59? __________ 3.88¢ .
2445 178 (188 1“,;555 183,972
25¢ 4., 8¢y 2 o (14363 4.759
264 5, B L8003 2 Slt
284 m.ed 820 _ 2,98¢
285 3.9;5;5 lﬁ 6ppf 2 938
315 A 1l8uy bo5i56
32y L, 864 18 yf 1,738
... 33§ e ?3,0;( 2.604 _3.31h4
34y LAY 1,748 13
35¢ . LhTH 1.20d 1,397
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- 3732/1060 T WINDOW TROT gy T T
__ START LD 1934 ’9;____, JEND ID ok gl

T WMEAN LD 193 .5 E (aOb(PDT} 69 15 o

PST _7¢ DEGREE __ ___

THETA LW*E..3 LBRE-L {TW-LB)/(EXCOS(PSI) ) *E-5
% ! 28;5 T B.obd 1.714h
Sl XeBOY . &5 89%1 M__Bol?ﬁ_______ e
2y 20155[{ o B 2.993
38 318,,5&, L,I S 50379
hg bl $.950 11,431
] 5,5 ] ____21.,pg T W1+ 34.179 .
7{? 28¢dy f;’?“; .:Lffpl / g8 }%g’ﬁﬁ
R - {SJ5134 A . 3 500 BghBody <N e
}5 1% yaf);j 42‘:9/;}0 192466;"%5
13¢ 64 gihd 1;5 o2 fom 85,186
14p 22 ;iy}f lfff 31.365
S S N G584 1800 13.477 .
164 5e C;’; L. opp 7866
— —— 1g R e3§ 3_- 1§J¥j_________,,____‘!‘!_e_6_13 —— -
187 2 o 3608 & e 9,1,; 34166
19‘;5 160 o 436 8344 2,108
2p( 1.25( a.3 ,ﬁ 1.677 ‘
______ eld 1__3 5¢ 3 Lot i
22 1.154 1.30 (ci L4475
238 10554 1! o 1,981 i
eup' — NI uopﬁii “"*;“3‘;%81
a5y hhyi gl 1925 635.677
Y —%,;,i Ty 3.676
275 a8.Bdd  AB R  24.51d o
3¢5 & o (iLdes 2.201 i1, ?5
U3 aLTsg  2eeHd 2,212
32f e35ﬂ 290 1,533
338 ?juf 1 7g;j i 1,469
T34 ‘i;; TLeE; 1. 189
3.3,0/ L li /{” la ;}fJ‘Q 1. 56?
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3/12/1965 WIIOW NO 244

TTSTART LD LShLpp BND LD 195,90
EAN_LD____i6h.5f B COS{PSI) _ 3529 . ..
PST T8 DEGRER T T TOTTTTITIT T s e e e
JTiETh o LMXE-3  LB¥EL (L‘rImLul/@“’ COS[PSI))™B-5__
& _5(1 e cf 8}5;5 B 2.8 _ _
1,95 fg}'f ,QJ 37‘!"'8
_B;i 1 Aﬁyf 95 84g 3.88¢
ﬁp 2640 38 95f5 7-H98
,,,,,,,,, ﬁ e e s ,e.}-ﬁf} __,__._._____..____a.g B 151§118
5¢ :t.aampf 1,608 36.382
mmmmmm by ;éji  beady 122,045
e J)_) o4t 260' ;ﬂ 59 0T
&4 TD.ﬁQ}fsw_;jsfgi 139. 400 2;%‘?9 ﬁpsu
12¢ 78,6453 8. 504 604
o 13g 2L . UL 32010 58 597 .
1hg . (63 1,9,f,ci 21,363
R L ¢ S b, hehif 1.60d 121k
16 2. B413S 1o gy 6.772
1752» 1. 584 3. 40g L,1g4
1.15§ .88 3.532
_19;5 5874 He864 202306
= Uo7l 1950 1.813 .
- $.080 1.20 14587 ‘
2255, 87348 1o 3043 1766
230 ¥ 95K Lo I 2.267
by ITH 2 » 9Lty 3. 145
.. 25¢ 2,345 NN B Ty 41 _
26;(5 78, ;,;fgi 19, 5L 22054 . 598
- I 0%, )| 2 OHfS 2,231
%{uf‘j TR 20y 22,6;5,&5f E&g?
14 « 9503 3.20 1.785
~ 32 m% i 53
35;‘ _____________ Pofpld __Le3PM .60
34“' ﬁ 7};,('5- La [J,(Jﬁ 1. 75’:"
38 ;f?ﬁfd 95 1,743 -
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After Vacuum Outgas

27/12/1969 WINDOW NO_ 244 _ )
START LD 1ggf g END LD log, dd
¢ EAN LD 1og. ?,f. ... E_cos{psy) _ 3.9’§ 5L
" TPSIT T DEGREE T T TTTTTTTTIITTTRS s S mmiom emmoeeo
THETA ~  pxE.3 ILBxE.4 (LW.LB)/(E-COS{PS1))*B.5
s S ool S 1 oo 3@,125 _ L
24 2}'f gggf T, ofe 14 glef7
3 14 gl 2, 6l 6,921
gt 9,1;/;1 Y i K 543
OB 7. 55t 1,24 3.868 _
6 7. L6l 1. dg 3.526
R . lag o.8¢d _.3.536
8y 7. 68 o, Bgd 3.788
oot 14, ot . 7er1 5, dd2
RY 8. 240 . &md L god
- %2171’ - 7. f—tfﬁ'______-___-q_.;f,.%ﬁzg _____________ 382%
1 ;%‘ 14, Lﬁfg { _ Iﬁﬁ B2
- £ ST l”iyf““'““ - ngf B & gl
L6¢ b2 , deiet gf 2gigl 2d, 6&1
2%;7; 1%, Gl 11 4gd D505
Y 16,5y{p_f 2,660 8,18¢
22;7{ 1?( 2[@ i l.6ﬁf@’ 5:?'[57
... e30 7. 8ad 122‘;{‘_ _.3.868
2l 7. Bwf L.gdd 3.627
2 2,g§ ; REA G
.. 28g_ Q. 20 B.90¢. 4 5389
29 a, 76w ol I 835
- 36{%_______“____17, o 1. )¢ 3.873
31d 7. 850 @, ofd 3,883
32 (Ge 70 1., Bt L. 81¢
33 5. i 2. 3dd 7.439
kg Bﬂ ﬂp‘ﬁ_ o Bogg  Ahggg
345 UE , dieief 8. 4dg 22, 746
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27/12/1969

STNDCH NO 244

e e T —— e emue —————— m

12

TSTART 1D 1Cp, i ENMD LD lolg gﬁ
EAN 1D lod, B¢ ~ E CQS(PGI) 196 e
- PST ‘1Qf ) X3 4
__ THETA - LW=E LBXE.4  (LW.1B)/(ExCoS(PST))*E-5 .
SRS SO 18 .17 gl 2ghef, 351
195 29%%‘ E’E’?J 1, 9l 15ﬁf1r83¢ ffpfﬁ
RN b1 i 7
. hg 13 Bl 1.2 Jf: e 6,978 e
5 1o, 3 573
_______ 2 gr?fj_g - 5.2 ]
1% 8, bl 4. 75£f 4 349
8¢ 9, 5pich ¢ 70 4.81g i
1g/df 12, 6pig #.opa 6.357
T
13%- 1%55? 1. gl 8:375
14 21, gl 2, 20d g, 6dd
15d 51, gelgt g, 2gldl 25,495
log 173, L‘Ffﬁl 1 =gl 87.678
T 16, 7dd 3. 1A 8.361 G
21g 8. 776 1, 80g L. 3ke
egg 6,300 1, e 3102 _
23¢ 5. g L.dgg 2, 70H
2hg 5. 200 E' 9ﬁf 2,607
259} {" LL;A’GS cfﬁ 3. '224
egg g, ?% ___________ 1 ] M 'Qg
1 Y111 aaa PN R
- N 6. aff S 3 yar%
e r 399‘ <, 34 3,646
L 33 er b ode 4 7‘31t
"335 “"11 .57 B N % B



27/12/1969

WINDOW No 2ky

START LD lol.gd
BAN LD 1o93.dd

PST 2§ DEGREE™ ™

END 1D
. E_Cos(ps1)

55 .7
w

CTHETA  LWxE.3 LBE_L  (LW.LB)/(ExCQS(PSI))*E.5 _ _
e B BB oodgh  HETS —
g TAG ., doldd 2 6;;&1 369.237
2 27@ﬁﬁﬁﬁ Al 3 7dd 1A2&72§ 5¢ﬁ
34 250, gt ;‘
by 326 ﬁf 16_ 833 -
50 17,20 rf 89‘5?‘ 9.d3%
LS S 12,56 ig TS BUBB6
JG 13-, gl d. 7o 5 768
e
2 ', B Nl
_ llﬁ_____________lptﬁgﬁz: R I”éﬁ_____ ______L 85.2____ _ —
C N T
.
111% GZ”%‘(Q& 1r? 29&"““"“""“’3_; 233 o
180 45 et 23 5_151;
1Gg 27, g " 2 g, o1z
_____ 249 128 _gfgjf 1 SQ{Q{ 67, 44
21 it 1 5 { Ll'n 98r(
B eeg 3 of 5{ 1 gﬁfﬁ ____e.e_322
2l il S cn 891;: 2 207
25f 5. 50 7. 870 2. B6H
eey . 9 _391;1 1. figidt h8ss
284l 7. ;{}71 J - 20001 3.841
Egyf_____________9 Jfﬂff___,_"_n____ff ofg (-
;ff 5°£M ,B;fspf 2.929
5. 407 2. Aed 2.723
38;* 6,500 I, 1;11;-1 3. 214
J3ey Toheg __ﬁ__éj—&;,? B
- 355 3¢ gigigt T.9¢'d 15.73¢




27/12/1069 WINDOW No 244
TSTART 1D 195 dyf END LD 193,00
1385 7k

EAN LD JE cos(epsTy. _A75.5G .
PST " 3F “DEGREE ~~~"" mmmmmmmmmmoo e
__THETA  IWXE.3 LB¥E A (LW_1B)/(ExCOS(RPSI))*E.5_ __
._“______iﬁ__________A,%E_e_és?ffff %.6.,@21_____________g’r_&ﬁi,,._,
7 25, geig )., 6y 14,149
gpf 68?. P;;;g 1 ;ﬁ{&? - 33;’;7,26%. _
| PRAMARF .o 1.0 53147,75
- ____ij ______ff_g_éns,c.f.ﬁpfaf o.0gd_ 2l 888 _
59 L7, grie #.75 26,729
o %&ﬁiﬁ;ﬁi %f b é{c‘_-___________l?:.m%g — i
7 7 .55 7 9,
,sg 22, gfgiéf rfuacrfg ,,.12_._,3,86
Lot 3¢t gl X, 1gd 17,926
2160 29, dag 2. 5pd 16,433
12g L3, gt 2,204 2l 368
13¢ ok, vigid ig.edg 5Bl 63
L7g 5, gelgl 1L, 2d 3¢ L2l
18¢ 15. 5@ 5, 2600l 8,652
lgp 7 . 86l 1, odd . 335
s R
21 - 5 ° ; e L Q 5 ©
_____ 28% ZQ{; 7 f’f:ﬁ,@é‘ 4, 34g i
234 3. Ayl . 80 1,891
2l 3. 66t o . B 2, figi5
254 T T.98¢ 2. 56
... 2o g.e8d _________ L.ogg 5,378
=8¢ 6, 70t 1. gy 3.759
o294 806 1.5g Dok
3¢ 5. gl 2 liie 27T
.23 5. gl hooogt 2,62
315 5, 50 ., et 2,666
32 a3 1l 2
350 TG, Bl 1.8¢¢ T T 5,138 -
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27/12 /1969 THDOV No ohh

START 1D 1 END 1D 1 o
. BAN LS 193 _’5% PR, i
) PSI“TLQ{‘ DEGREE 7 T 7T - : T om oTomTT oTTmRT onmemmTT
__ _THETA ~ LWxBE.3  LB<E.L4  (TW_LB)/(ExCOS(RPSI))*E.5_ ______
S 1. 6648 o ho8h
?« 75?5;} R efm,gf 7 ol
2;4 25, 7dd 1, gietet 16 TAd
664!, figt ¢ 3 43a 507
_______f*ﬁ _._Josgicg, ﬁpfrff 80 1272047 5;2@
sprf Gt o . 6gef 339,189
-------- 6§?f e m%’/ SR v | -_Tgﬁ__-___--_ ”% g%
Sl
1%} %g “Gf‘ L f;@ gl@ 7;3_5
5 .5 7.739
. N A
127 16§f prf;f 1gf 2000 1;53 713
Loy ____________}_1 ?.qu______________ t6aﬁ
T7d zﬁ . Lgid 17,236
. B
. 5 of .09
_______ g 9?4_ 3,_534%&% 1 9859% 95}%2 -
7 11, 5gg i 8 7 45
22y 1065 - igies S ;S
230 6. figld i .87 3.862
2L 3, Lelgh J I 1,957
A S
o Y. ‘l‘o ! o S
) "“2‘8;5; """"""" %,Wf 1;5%’@ 816
= A . - {7~ S -7 | A 44 N
3¢ A, 8gfel AIcd 2 864
345 5. L6l 8. gl 2,8¢5
335 13, 26/t 1, 8id 8. gk
L - 5;f9f.___________ 1%3&[1
354 6. "?Q 2.6gd 3,745
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27/12/1969

WINDOW NO 244

T START LD 195, ¢ END LD ig]
K 'G‘AN LD ) 1_)% ?Jgf i C,QISJ{PS'L) 12 %g—’ - A o
PSI TS5 DEGREET CTTTTTTT T YT T T T T T T o e e
THETA L¥XE.3 IBXE N (1M 1B)/{ExCOS(PSI))XE.6__
"‘ig" 5 Bl 1.2¢¢ I, 15%;__, " o
. 5giff 1, g6y 5.7
o et e Ny
3¢l Wﬁf 7. B 23 ﬂ81
""‘"“"%“““""“ (f‘ i ;ﬁ { 2§1f5'6%g Vi -
5 336 (a1
_“_,,_,__6% %ﬁ éf ,@, SW ___;zf 79.917 .
1557‘ W . ou@ 115 643
Tk o T
i 5e 3;{ [ 5 o 5
N ﬁ%_, 4??&,@% 333)2{;%{______“,__315_%5%
15¢ 88, dietel 11, 20d 67, gayj
S 151 20, gt _3eddg 15,189 o
L7 8. geigt Bod 6.432
18¢ 5..20d X, Sed 3,896
Lggf 3,706 L., dgid 27T
I = |/, N 2.9 .8 175 )
219 2.6t {.8d0 T glif
.. 2254,_“_________}3___%59 e UoCged 3552
23¢ 12 501pf" TIUIdd 9.556
____2}41 E 1.,2' 3.9_96
2 s gf;fgf L agg 2,978
. 264 9, 6o 1, Lofel __6.858
28 6°5pafzf L. g L 746
29¢ _________9 3y er_ . 7 L fﬁ 6812
) .2
~—357 i é%;f 1 s‘%& 3L
3ha L. fpfp 2 6,(&1’ ) 288
S 35g T Iy 59?;F I N CY- 7 S TAC ¥
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27/12/196q WINDOW No _24d
TSTART LD 19l g F‘ND LD 187, Jufo}
EAN 1D ___289.¢d ____E B COS(PSI). 98,75 o o . ]

g e e e St - — —

PSI B DEGREE CTTTTTTTTTUTTTTTITITTTT m mommomTom mmmmemmmmmn o m mmmemeeT

THETA LVW*E-3 L LB<EL (LVW.LB)/(EXCOS(PSI))XE.5
________ g 3.0df I Y {1 TL"(_____H.._“ e
14 4, Bigt f.g5f 5765
2 6 Ot R sinl] 6. 8r
30 12,3@’;}' @, 8yl i2 373
____Ltgf Geet. ______,______g,ggﬁ ________ Yo o7 L
fﬁ gfﬁg; f T3 877
Gl Ll i
7 i Y
1?;% 152( aes JE‘SG’S :CEf ¢ ?gf‘}
5 alns 2. 56 N
B T ;%’éf M azelep _
15¢ 27,500 3. 26 27.525
169 g ol 1,.?24 ( 9,9h5 .
B & 5 Lgfgf AR vﬂg 5. 367
18¢ 3. 8¢l 1,1l 3.737 -
195 2, 61 7. odd 5 I )
T 2,300 INC T S 2,238 .
214 e.23d . opd 2,167
ceg  2heg L, delgf 2,374
23(f 10 B 1. 50ig 14,532
21‘9’ 295 gl 1.8 227. 6%5
<50 LTRE N . 263
26%-__“_____-__1pf o 3.00¢ . 9,742 .
28y 7. i 8.20d 7.769
. 285 1? g e 1L, 285__ e
315 el L gt 4879
32 J_Q_Bﬁ o 1.6¢¢  __3.362
334 2, gl 2.6 2.674
She SN2 L6 2,866
354 3, 2! 1,264 3,179
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27/32/1969 WINDOW MO 244 - -
START LD 187.0f EMD LD 187.9¢
JEAN LD 187 .- B -COS{PST) --—66,83 - ~--m--m oo o e

PSI TQ LEGR

- IPHETA e LB S s EBxE. A (LW=1B) AE*C0S{PSIY ) *Bz5- ---——-
;2 I Y S, o e L —
15 3 35 . ’Eg& 81
20 b 56y oSG 1; gég
3 ‘7,3 d .8
5 3 .52
T 63“‘—2;'“?5]“166 JF( fi -“"“-—“"i’?fﬁ?%“g“é"ég 63 ?59 T
53 ) >
W ng%« ;f L2 gﬁg ! 215040 %2%
13;3 eho ﬁgfﬁ S5 073
........ TR, S 9&-___---__“6%-.-8§ﬁ -
150 11 80 1,8¢d 17.387
SR < SN 7 A }, g - 8738 e
1 3,76 1,1¢ 5.372
18 2,630 Talllet/. 17! 3.8
%gg § 12;71{ fff, ,SW g 1%2
- 2P0 -95¢ [oJ1{- NN . 783-
214 1, Bl 17 o/ 27589
_22¢ =W tels G (U 2,918 ..
E'fﬁ 2.,6551 1. 8 3,%1
2h G.ged 2. A
2508 38¢. g7 b, g 1 +995
) —— TR Vo S| LA {1 A - N (o1 IO
275 8Lt , geie 15, 56 12dg. 683
67 C U .. S —— N[ S v 31 S —
31¢ 30040y 2.2( 4 758
32 2. Uoid 2 9 3.157
33 2.,12¢ 1, 7¢ 2 918
- 3hg 2.,917{@ Lo . 2,018 .
354 2.3p48 LN {74/ 3.292
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— ——— am .

§7/%2/1969 WINDOW NO 24k R
TSTERT LD I87. 1R EMD 1D 187,
Ut .EAE"'_-LP__,-ES,Z«&%__ __“‘E»,_QQS(P_x‘ffI.)____,.°>I’-).fg;3?‘.,f I,
"~ "PSI T8¢ DEGREE T E
LTHETA O TWE.3 0 LBE_L (LW.LB)/(ExCOS(PSI))XE.5
S AU Wy (< A 108 1 .. SO I8 =2 ) .
g3 9 lip;%; J;(J 8,@51 6,837
2 3. 40 ol . Seldt 8,606
30 L, ﬁfﬂﬁ’ pf y54 12,657
g ose T LI 25.345
5ﬁ 33, gidle 1. 66 o, 8od
b 235 6ee 6. 606.779
7 )Hp;?’ gfpfgf 96, N 1178¢, 871
8%1 6’7{%@’@%{;&?({&1 13?412‘? ] ;_7_57880 ﬂm ——
¢ 54
--__,__.13,(7_{_________“ 06 , (g F___ 3.2 Qf 193 568 R
lo 8p l O v,g
______ 15?1_,________ __ b, L @fﬁ . 1 L
161 - 3’8§p"“"‘"" "3 .wr"" "““":Lr 8(5’ )
17£?f 9 554 gﬁfﬁ( g 7 22(
181 2 @D PSSl 5,076
é—.%[- :1L gﬁ&f R 8/;6 2 Jéf%ﬁ
, f KN icin]
NS S b gie7
Y A :f“ =7 A W 1 S 'Y Yo%
23¢ 2,15pf 1,564 5,80k
=24g] 2,974 2,507 7.898
---ggﬁf {5@4&’__%? ol A s 11, 117%4 e e
1o, @rg .5 2057 . 2UT
2,%#_* MRS REn TRt
354 i, bglg 2,608 T 12,7oY
—_21g 2,430 3,207 5, gl
T 329 3, b 2. ogd 3.8¢2
33 aBed 3L 30K 3.625 .
" 3ky T lR,o;f - Lged T 3, 084 T T
35 L5y gugsd  B3n7
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15/12/1969 WINDOW NO 244 ] L _ o
TUSTART LU LUSLEHTT T END LD Toh, g
EAN LD 193.5( _ _ E COS(PSI) =2ge.l19

PSI "W DEGREE ~~~ T Tt T s T T m menen v e o

THETA LWXE. 3 1B*E-4 (Lw-1B)/(E*COS(PSI))*E-5
1.83 1.90g __#.811
T 2?5 “““““““““““““ 15:8;;‘““““““ B S~ U= ¢+ S
39 3.6 2,608 1.652
Lt,cf 3.1¢44 1.644 1. 454

7 3 3 - —_—

o _ng ________________ f/)lf ____________ §.8dgT T 2,582
1gd ) W77 2,883
134 ;:ffaﬂ @ 8;)’95 =, 928

T8%
D 31008 i l!ﬁj;f 1. 768
525

- g 3@% — .1 65/‘9‘""“"‘"" WAL -
220’ 7. 8418
———————————— 1
— ggﬁ 6. %f,’ﬁ ,c_§3_9§¢ 3,121
o 6 . i 3.324
 28d 6. 3;3a is, ;f 3
2o TG T T g T 57
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15/12/1969 WINDOW NO 244

TUSTART LD 193007 END 1D 1G4 0y
EAN Lb _ 193. 595 E COS(PSI) _199.12

PgI 71¢ DEGREE T T T T

THETA LW*E~3 LB*E-4  (LW-LB)/(EXCOS(PSI))*E-5
66g, gy 1.068 331.3%¢
"“"153““""""89&5&5&5 A 1. 955!6 Uu696 JHs
g 1%.,1% 2, gyg 7s lsgs
3 5.1 1.7 3.982
o hg heepd 12066 2250
] 3,.79{4 3 Hed 1,848
Lo bg o 3.hdg g BEd 1,667
T4 4.1 g.758 B.f21
8 6,8§4iﬂ g%gg 3,384
1@ 8.0 X L Bad T8
g . 8.988 950 __h.hee i i
S lzgd .64 1,104 h.765
lﬁﬁ 1.19 ihgg g.ab2
o lagT Yo 2 “Eﬁrﬁyf T F.643
154 2. 854 1208 7.919
19 TP LR 185919
2 1.35 3.189 3,522
e g g o A
' 2o ! <14
T 23y 5“3£ N ;fg{ - 2761Y B
24 i: B4 ;5 g 2,365
25g 7 1280y 2.278
26y 5 eyﬁ;f ;_5 8¢9 2571
SR8y 5 Imja 1 1r<9% D,.657
294 . 944 166 l.093
T 3¢g ““'"“““’3} Tp’pi T “ﬁ“@ppﬁ ““““““““ 813
_ glﬁ 2 . 64i) 1,560 12&;3;{
328 SR .,s;r T .29
338 3.6HY f 1597
335 . 3dg 8 5031 1.733
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_15/12/1969 VINDOW NO 2ith ] o
T START Lp 1ok, ﬁa END 1D 192570
4 BAN ID _133.0% _ _E Cos(PsT) 189,51

- P8I ~28 DEGREE - T ST Smmenmoscmssmsees mm mmees
THETA LWE-3 LB*E-4 (IW-LB}/(E*COS{PST)}*E~5
7 4 3¢ 1,9t 2.169
TTTTTAgT TTTTES 59% Y ~ P <Y, { SR W - =)
24 1884 S5 LJﬁ f 587,758
3¢ 87054 1.2 L8527
b lLJ;J_____________)_ a’ _____________ H2T -
5% a'p: 5559
. e —— e T 9197 _______________ LX 9 —— -
7;5 o.,% i ] 2,549
) 8,_6;% 4. 760 L. 5¢1
i J;a 1.124 1.004 #.538
______ 11g _____________3.520/05 1,24 .58
18 1.500 7. 660
N 13,@‘1 9_8525-,_____“__,_2_529;1_ .86
148 35. 445 14.200 17.938
}8,? 28, ﬁé?gﬁ il. % gg 1; 184
3 1o307 3 .20 517
208 1,150 N S T
21g 50 71561 1,,5?,;1 2.929
pog 1. kg 1A00 2,565
237 3600 Ha 9%‘ """"““"1"852
2"‘1.‘91 305}:5&‘ ;5:8;‘]’;‘5 1 9}"15
‘asg 3B .80 8¢5
S — ie-;ﬂ’ g 1800 138- S
: 'f,dpi 1.20 ’ﬂ 2,417
29 541 1o
: 3,5((5 """""""""" ( ““““““““ £ ,é’ - ng,g
3148 2 8;% 2, hefdf 1.351
T 3oy e, 'Ifff R LI
325 3270 8l 19
1355 T l 74 S W1 ¢ S P .-

32



15/12/1069

TTSTART 1D

T TPSIT 3¢ DEGREE

VWINDOW O 244

203

FHE LD

N
4 EAN 1D ode.gd  E CcOS{PSIi). _182.8¢

_ THETA _

TH*E.3

2.60
i.,@%?; -
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___NASA Cleamng Procedure
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APPENDIX D
INFRARED SCANS AND MASS SPECTROMETER DATA

The sodnun chloride {lais were mutually contaminated with the Vycor windows
10 the vacuum system. These {lats were removed and placed in a special
conlainer for shipment to the facility housing the Beckman spectrophotometer.
This insirument was used to run frared scans from 2.5 1o 29 microns to
wdentify collected materials. The test report resulis are duplicaied below for
ready reference

No, 1. NaCl Filats - Submaitted 1 January 1970

A thin film of a salicone (dimethyl siloxane type) o1l was detected
on these flats by infrared analysis. No other organics were
detected.

No, 2, NaCl Flats - Submuiited 14 January 1970

No organics could be detected on the surfaces of these {lais by
wfrared analysis using 10x scale expansion,

The No, 1 NaCl flal conlamination was due to the room iemperature cured
RTV while the No, 2 NaCl [lat contamination was due to the high~lemperature
cured RTV,

The background gas composiiion present in the vacuum system during the
experiment was monmilored wilth a mass spectrometer. A Quad 150 residual
gas analyzer manufactured by Electronic Associates Inc. (EAI) was used for
ihis task, The residual gas analyzer has an exiended mass range of 1 io
about 150 atomic mass units. Data obtamned was used to qualilatively ideniily
the residual vapors preseni before the RTV samples were heaied and while
the samples were beated. The data also provided a comparison of outgassing
rates for the two different samples.

The specilic mass spectrometer data obtained during the course of this
investigation is preseated in Figures D1 ithrough D4. Figure D1 illustrates
the relalive amounts of residual gas present in the vacuum system during the
heating of ligh~iemperature cured RTV~560, The calibration of the sysiem
was performed at fwo diuifereni points 1n time. Afler 24 hours of pumping on
the sysiem while heaiing withoul RTV presenl a mass specirometer data run
was performed, Thig data 1s presented in Figure D2, The sysiem was then
only pumped for an additional 24 hours. TFigure D3 shows the resulls of ihe
mass speclrometler scan afier ihat time period. It should be noted that the
magnitude of the coordinates on the abscissa was chosen for convemence only,
Obviously the dala 1in Figure DI were iaken under more severe circumsiances
than the dawa 1n Figures D2 and D3. As a result the gain in the system was
drastically reduced for data-gathering purposes in Figure D1, The relalive
magnitude of each m/e ratio is only of significance in these figures, Finally,
ihe scans taken during the oulgassing of i{he room iemperature - cured RTV
are presented in Figure D4,
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Figure p1. Mass Spectrum Data - High Temperature
Cured Rubber (10-9-69)
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To delermine the composition of the ag-received uncured RTV 560 {resin and
hardner), a routinc chemical analysis was performed. Three tesis were
used. Infrared absorplicn spectra from 2.5 to 15 microns were used to
"tingerprint” the materials, X-ray diffraction was used to ideniify the filler
material, Finally, spectrographic tegis were used for elemental analysis,
The purpose of this data was lo fingerprint and characierize the as-received
material for reference to the experiment.

The resulls of {he ihree chemical analysis are given below. The results as
given are self-explanatory.

Test Infrared Identification

Infrared

Sample

Reswn Organic (Sn by Speciro) acid salt

Hardner Silicone (DC200 iype) Resm
Spectrographic

Sample

Resin Relanvely large amounts of fin

Hardner Relatively large amounts of iron

and silicon

HX-ray Diuffraction

The fi1ller 1n the resin was idenfified as o ]:'i‘e2 03
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