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'I'b < ABSTRACT

-

This document constitutes the seventh quarterly progress report for
NASA Goddard Contract NAS 5-9650. Included . is a description of the test

progress on the research program, "Space Environment Effects on Thermal

[ 'Y

Control Coatings," which was accomplished during the period 15 March
through 15 June 1967. During this quartef, low energy (SO.kev)veiectron

irradiation rate testing of thermal control coatings was performed in situ.

Changes in spectral reflectance of coating specimens were observed in

vacuum throughout the 0.25 to 2.5 micron Qavelength région, after exposures -

to electron fluences of 1 x 10%2, 1.6 x 10%2, 5 x 10°2, 1 x 10%, 2 x 10%"

5.5 x 1014, 8.5 x 1014, and 8 x 1015 electrons cm-z. Exposures were con-

ducted using electron fluxes ranging from those typical of maximum space -
‘ rates (4 x 108 electrons cm“2 sec-l) to accelerated fluxes as much as
-~ 3 . °

4 x 10” more intense. Recovery of spectral reflectance was also observed

féllowing re-exposure of test samples‘to drj air. )

Sighificant conclusions reached during this quarter are:

1. in the types of coatingé studied'fdr this contract, deérddatiég
in spectral reflectance due to SO—kev electron expésure is independent 6f
irradiation rate. Thus, irradiation of thermal control coatings with
50-ke§ electrons at accelerated laboratory rates appears to be valid, at:
least to an acceleration factor of 4 x 103.

2. Coatings employing methyl silicone binders sustain the greatest

degree of reflectance degradation in the infrared. Coatings using

potassium silicate binders suffer the largest reflectance losses in the

‘ visible region, -

iv.



p2-84118-7

l3. Threshold for reflectance degradation, and rate of buildup of
degradétion, are highlyAvariable, even among coating formulations of a
single class (e.g. TiOa—methyl silicone). 1In an—meihjl silicone coatings,
degra&ation proceeds to véry high reflectance change values before satura-
tion occurs.

-*1 L4, Non-linear damage is present in one or more wavelength regions of
sevefal coating types examined. Degradation proceeds most nearly linearly
wifh electron fluence in ﬁype F, zinc oxide/aluminum oxide-potassium
siiicafe.

5. Based upon substantially different degradation phenomenav(various
relative amounts of reflectance change) in the several wavelength regions
studied, the operation of more than one damage mechanism is indicated.

6. Substantial restoration of spectral reflectance toward pre-
irradiation values occurs in most diffuse coatings upon re-exposure to air,

7; The resulté of these tests on thermal control coatings tie
together (1) the results of early in-air tests (samples exposed at high
fluences) which indicated strong effects only in the visible region, and
(2) the more recent results of in situ testing that indicate-that
contamination-free electron tests show reflectance changes primarily in
the infrared region.

The following recommendations are made:

1. That a study of the dependence of reflectance degradation in
selected thermal control coating types, upon the incident energy of
electrons between 20 and 80 kev, be performed as an add-on to this

contract.
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‘ | 2. That in the interest of being able to characterize test results
more fully, and to arrive at more meaningful conclusions, more information
on the formulation and preparation of coating spécimens be passed along

to Boéing whenever it is shared with NASA-Goddard by suppliers.,

KEY WORDS
Electron gun o _ Non-liﬁgaf damage
Electron irradiation - Rate effects |
Fluence ‘ ' . - Spectral féflectaﬁce
Flux ‘ _ ' Thermal control _cgatings
In situ . ' | R Va‘cuum | |

vi
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1.0 INTRODUCTION

1.1 Program Description
p The overall objective of the program is the détermination of the

effects of electrons and ultraviolet radiation on thermal control coatings
in the presence of environmental conditions similar to those encountered
in épace. The environment criterion selected is that for a near-earth
orbiting spacecraft. Those features selected for simulation are ultrahigh
vacuum, temperature, ultraviolet radiation, and magnetically.trapbed
electrons.. The specific objectives of the program are to:

1. Study the concomitant effects of radiation, vaéuum, and tempera-
tﬁre over a-range of -70°C to +90°C.

2; Study the effects ofvsimultaneous electron and uitraviolet
irradiation on the thermophysical properties of thermal control coatings.

’ 3. Establish the validify of accelerated-rate laboratory irradia-
tion through a study of rédiagion damage as a function of exposure‘rate.
| L, Investigaté physical property changes as well as optical

characteristic changes due to irradiation in a simulated space environmentlf

Approximately 1,000 test specimens have been supplied by the Thérmal
Systems Branch of NASA Goddard. These samples are being exposed to electrons
and ultraviolet radiation, both separately and simultaneously. Spectral -
reflectance measurements of these samples are being made in situ over the
240 to 2500 millimicron wavelength region before, periodically during, and
after irradiation, using the Combined Radiation Effects Test Chamber (CRETC).
Selected tesf specimens are also meésured‘after samples are re-exposed to
dry air.

Specifiéally, the following tests have been completed:

1l
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1. A screening test involvihg_exposure of 17 sample types at 22°C, |

to 50 kev electrons at fluences from 1.6 x 1013 to 8.5 x 1014 electrons'cm-z.

€See D2—8@118-6.) -
e

2. An electron rate test, again using 50 kev electrons at fluxes

from 4 x 108 to 1.7 x 1012 electrons cm-2 sec_l, to establish the equiva-
lence between effects‘produced by accelerated laboratory exposures and the
lower flux levels of space exposure, on 12 sample types at 22°C. The

13

fluence range covered was 1 x 107”7 to 8 x 1015 elecirons cm’a.
Future tests include the following:

1. An ultraviolet radiation effects study to proQide information

needed té determine if the effects of low energy electrons and-ultraviolet
radiation.are additive for simultaneous or sequential irradiations. Sixteen
types of samples will be exposed to mdre than 1000 equivalent UV-sun hours,
while their subsfrétes are maintained af 20°C, and meaéured at selected
increménﬁs of exposure. |

2. Electron-ultraviolet intensity ratio studies to determine the

influence of this ratio on damage and damage rates, and to study other
synergistic effects. Periodic reflectance measurements will be ﬁade in
vacuum at 10°C duringbéombined ultraviolet and 50-kev electron exposure
tests. |
;.2 Progress Summary ,

Selected test and control specimens of 12 sample types were placed
in tﬁe Combined Radiation Effects Test Chamber (CRITC) and exposed to
electrons following the obtéining 6f base-line, preirradiation spectral

reflectance measurements. Exposures, designed to yield data on the




S D2-84118-7

presence or absence of effects due to various electiron irradiation rates,
were made to the folloﬁing fluences: 1 x 1015, 1.6 x 1013, 5 x 1013,

1x 10, 2 x 10, 5.5 x 107, 8.5 x 1017

, and 8 x 1015 electrons cmtf,'

. Rates at which electrons were incident-upon test samples ranged from

4 x 10 electrons cm"2 sec-l, which is typical of peak electron fluxes in
space, to as high as 1.7 x 1012, representing a iaboratory test-acceleration

factor of approximately &4 x lO3

. Spectral reflectance'of test and control
samples was obtained in situ following each éxposuré. No test §aﬁ§le was
exposed.at @ore than-one rate.

Following each irradiation test, the CRETC was backfiiled with df& o
air, and in-air reflectance curves were obtained on selected s;mples. Partial
recévery was seen in all diffuse samples. A second bumpdown of the chamber
afforded the opportunity to observe whether any types of coatings tested

had a memory for previous in situ reflectance changes due to electron

exposure. No evidence of memory for previous damage was seen.
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2.0 DETAILED PROGRESS REPORT

2.1 Test Specimens

Table 1 lists and describes thg types of coatings which were exﬁosed
fo electrons during the seventh quarter. Earlier electron testing of more
coating types was described in the sixth quarterly report, "In §i§2 Electron
Damage to Thermal Control Coatings." Tesﬁeangmplés;wére stored in a clean
environment prior to irradiation. They were handlé&f&p‘édgeiwifh clean
gloves during mounting in the teét array cover plates;“ Copper_shiﬁs'wete’
placed behind the aluminum substrate of.each éaﬁpie to assure maximum
thermal contact with the temperaturchontrélled cépper Séﬁble wheel.
Sample temperature was 22°C throughout the testé.
2.2 Electron Exposure |

Electrons for the scpeenihg test-were‘obtained.from an electron gun
mounted in the CRETC. The électron beam was scattered.throqgh a.thin
.‘aluminum foil to obtain uniform exposure (axial symmétry)bof samples
moﬁntéd in the array being irradiated., The energy of.the electrons, after
passiﬁg through the scattering feil, was adjusted by the accelerating
electrodes to be 50 kev. Direct beam cﬁrrent was,measured in a fixed .
Faraday cup located behind the sample wheel. A hole in the center of the
sample array serves as an aperture for that insulafed F;réday cup. Thus
* the cup can also be used to monitor the forward scattered beam during
exposure in order tovprovide a means of obtaining total exposure flﬁence.
Two remotely controlled Faraday cups (90° with resﬁect to each other) wvere
rotated about the scattering foil in order to map the Gaussian electron
~scattering. )
Table 2 shows the irradiation test points employed in these electron

exposures, and the respective irradiation rates for each exposure which were

L
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Table 1

Sample Types Tested

Descrigtion

- Zinc oxide-methyl silicone (approximately 9 mils of type 5-13 on

top of a thin coat of General Electric S54044 primer).

Zinc oxide/aluminum oxide-potassium silicate (approximately 5 mils
of paint pigment SP500 from New Jersey Zinc).

Silicon dioxide on polished aluminum (vacuum-deposited_siox coating).
Leafing aluminum-silicone (approximately 3 mils of coating, fine
leafing aluminum in a phenolate silicone, mixture of Dow Corning

805 and 8064).

Vapor-deposited aluminum on a lacquered éubstrate (transparent
lacquer from Bee Chemical, thermosetting type).

Polished aluminum (buffed and chemically cleaned by vapor degréasing).
Titanium dioxide-methyl silicone (approximately 5 mils of paint on
top of approximately 2 mils of Cat-a-Lac white priwer, Dow Corning

methyl Q9-0090, mixed three parts paint to one part catalyst)

A methyl silicone type L with a black water emulsified strippable
coating.

Zinc oxide-methyl silicone (same as type B except S-13G of a thlcker
coating of approximately 10 to 12 mils).

Kapton H~film (2 mils thick).

Titanium dioxide-methyl silicone (vehicle is General Electric RTV
602, 2 parts pigment to 1 part vehicle).

Titanium dioxide-methyl silicone (vehicle is Dow Corning XR 6-3488,
1.5 parts pigment to 1 part vehicle).

Mixed zinc oxide and titanium dioxide.pigments in a mixed silicone-
silicate vehicle. :

Pitanium dioxide-methyl phenyl silicone coating. (Pyromark)
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Table 2. Zlectron Exposure Rates

Average Rates of and Exposures to 50 kev Electrons
Fluence | Flux
(electrons cm=2) ' (electrons cm-2 sec—1)
1x202 | 4x208 1 x10°
1.6 x 107> 2 x 10%°
5 x 100  2x710%, 2 x10%°
1 x 10 2% 107, 2 x 10%°
2 x 10%* 2 x 100, 1 x 1™
5.5 x 1014 2 x 1010
8.5 x 10%* | 5 x 10t
8 x 10%? - a 1.7 x 10'?

used to establish the findings concerning electron rate effects., The
findings are summarized by the statement that, for 50-kev electron fluxes

ranging from those typical of peak space fluxes (4 x 108 electrons cm"2 sec-l)

to accelerated testing rates u§ to 1.7 x lO12 electrons cm-2 sec , no sig-
nificanf rate effects exist in any of the 12 types of coatings tested.
23 Electron Rate Test Results

The conclusion regarding absence of rate effects was obtainéd after-
(detailed analysis 6f sample spéctral reflectance data at four significant a
wavelengths, 590, §OO, 950, and 2100 nm. The wavelengths were chosen from
continuous wavelength scan charts on the basis of significaht reflectance
changes and apparent operation of damage mechanisms in surrounding wave-
length regions. Probable error in the refléctance-percentages expressed
is plus or minus two percent. In the figures following, Ri is the pre- )

irradiation reflectance value, and R, is the "final" in situ value at any

f

6 | .
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given‘fluence. Each value has been corrected very nearly to absolute
refléctance, By normalizing the integrating sphere Mg0 wall reference curQe
to 100 percent, and the sample reflectance data poiné proportionally.

Figure 1 shows the building up of reflectance changes at 2100 nm
with increasing electron fluence in two zinc oxide-methyl silicone types
of‘gamples, s-13 (B) and S-13G (M). Data for each irradiation rate of
flux‘bears a different symbol, allowing the determination to be made that'
exposure at each rate used causes equivalent damage via reflectance change.

‘Figure 2 shows similar data at ZiOO nm for two types of titaﬁium
dioxide-methyl silicone coatings (i and P). Reflectance chahges in L,
an anatasé TiOz, are larger than those in P, a rutile Ti02, at all bgt the
highest fluence. Again, reflectance changes are seen to be independent of
irradiation rate.

_Figure 3 shows data on two zinc'oxide—pigmented sample»types, M ahd
F, at 950 nm. The differences in damage buildup may be seen for zinc
oxide-potassium silicate (F) as contrasted with zinc oxide-methyl silicone
(M, S-i}G). The data point spread indicates absence of rate effects.

Figure 4 contains near-infrared wavelength data for two tifanium
dioxide-methyl silicone coatings, L and P. The data.for anatase TiO2 (),
at 900 nm, have the greatest spread seen in all groupings of reflectance
« values anaiyzed for rate effec£svphenomena. Bécause the spreads are within
experimental error, however, there isAagain no evidence of irradiation rate

effects.

Figure 5 shows reflectance data at 590 nm for S-13G (M), zinc oxide-~
methyl silicone, and for type F, zinc oxidé-potassium silicate. A comparison
of the relative spreads of data from F and M is believed to point out greater
sample-to-sample differences in M than in F. Figure 6 contains 590 nm reflec-

tance data for sample type L, TiOp-methyl silicone.

7 , .
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In Fié;re 7, total hemispherical reflectance data at 2100 nm shows
absence- of irradiation rate effects in 2 specular sample types, H (SiO2
vaporadeposited onto aluminum) and K (buffed aluﬁinum).

| Figures 1 through 6 also proviée additional means of characterizing
éoating degradation. Table 3 summarizes two aspects of degradation shown
in thé six figurés: extent of damage buildﬁpnpefore;éaturation, and
presence of non-linear damage, (i.e., reflegtaﬁce éh;ngés which do not de-
pend linearly on electron fluence). Saturation of dégfadéfion is seen to
take piace’after various am§unts of reflectanée;cbange_have occﬁrred,'aﬁd
occasionally (such as type M at 2100 nm) only as reflectanéé appfoachés _
zéro. Réflectance changes in sample type F are seen to be more linearly
deﬁendent on fluence than other coating types studiéd.

7 Tables 4, 5, and 6 indicate at the selected wavelengths of 2100, 950,
and 590 nm (chosen from 230‘to 2500 nm éontinuous-scan charts), the relati#e
'.-sensitivity to S0-kev electrons of fhe types of thermai controllcéatings
sﬁudied.v Buildup of degradation in these coatings can bé summarized as
follows:

(1) At 2,100 nm (Table 4) zinc oxide-methyl silicone coatings

(Figure 1) showed the greatest sensitivity. Of the titanium

~dioxide-methyl silicones, sample type L (Figure 2) was the
most sensitive whiie types O and P exhibited‘much higher
thresholds for damage. At 2,100 nm type F was the least
sensitive of the paints. Kaptoh'H-film showed n§ evidence
;for degradation at that wavelength.

(2) The resistance to reflectance change was, in general, slightly

greater at 950 nm for most coatings (Table 5, Figures 3 and 4).
The most notable exception was type F, which appeared to beg

-sigﬁificantly nore sensitive at 950 nm.

1
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Table 3. Characterization of Degradation in Selected Coatings

Coating Type

Encircled number refers to Figure with same number

- ‘ L. P B M Fz
Wavelength Anatase Rutile .
Region Ti0,- Ti0,- ZnO-~ Zn0= ZnO-
Methyl Methyl Methyl Methyl Potassium
Silicone Silicone ‘| Silicone Silicone | Silicate
Linear {Non-linear |{Non-linear | (Mostly
Begins to | damage damage.  |damage. small re-
Middle saturate (within ' | flectance
Infrared at DRz |limits of |Begins to Saturates- |changes.)
: Lo, data.) saturate at limit .
0 at DRz~ |of re-
Log. flectance.
Non-linear | Non-linear |(Small re- |Non-linear |Linear
damage. damage . flectance |damage. demage to
: L changes.) - |highest -
Near Begins to |Begins to Begins to [fluence
Infrared saturate saturate saturate tested.
’ above AR |above AR at DR~
kZO% zZO”. 20%.
Non-linear | (Mostly 1 (Very 1lit- |[Within Linear
damage . small re- jtle re- data damage
flectance - |flectance |limits, to highest
Begins to |changes.) [change.) linear fluence
Visible saturate damage to [tested.
above AR highest -
~=10%. fluence -
tested.

16
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Table 4. Decrease in Reflectance at 2100 nm.
AR = R; - Ry, (percent) for 50 kev electron
Sample Type exposures (electrons cm—=2) of:
\ 1 x 20 |5 x 107 |1 x 208 |2 x 1M | 5.5 x 10~ |8 x 1010
B 6 - 23 30 33 bs
F3 -- - 0 7 29
H 2 - 2 2 2 2
I - - - - 3 8
J -~ - - - 3> 7
K 1l - > 3 "h, b
L 6 1 13 17 28 39
M 3 20 37 48 51 55
N - - - o - -
0 - - - 2 37
P 0 - - 2 3 43
Q - - - 22 31 -—
Y - - - 2 12 -
Table 5. Decrease in Reflectance at 950 nm.’
O monire baeToroant) 37 20 Kev Slectron

?amp}e tyee 1l x lO13 5 x 1013 1 x lOlEﬁ 2 x 1014' 5.5 x ldiu 8 x 1015
B - -~ 0 0 2 9
F3 1 2 2 6 10 37
L 3 5 8 13 21 28
M -- 4 6 13 16 2l
N 0 0 0 17
o - - - 9 46
p — _— — 11 35
Q - - - 22 33 -
Y - _— — 6 18 -

*5.5 x lOlh: I- 3%; H, J, K No change

17
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_(3) In the visible region (590 nm) type F was the most sensitive
and types B and O the least sensitive paints. Kapton Hffilm
showed very large degradation, but obly at very high fluence,
See Table 6.

A multiplicity of 3 samples per samplé type was used at most data
points. Very close agreement was foun& between sa@plés_of the same type.
No systematic diffefences were found between sémpiés?of,gyp§ L which had
or had not had a st}ippable coating., | f " |

A detailed i&lustration of the buildupiof_aegradation in:samplék'.
type M with electroh exposure_is shown in Figpre_si There'qccurred in the
infrared wavelength:region an initially rapid decrease in ref1ec£aﬁce, which
eventually saturated at high AR values. In the visible region, however, the
buildup of damage was slow at first and more rapid at high é#posure. Upon
re-exposure to (dry) air, this sample exhibited contrasting behavior.

T 2.4 Post-Exposure Recovery of Reflectance in Air

| Dry air was admitted to the CRETC to an absolute level of one
atmosphere, after completion of all in situ reflectancé measuremeqtsf
Reflectance measurements were madglon selected samples after in-air
stabilization. Résults are given in Table 7. In addition, é set of
reflectance measurements was made on type M, zinc oxide-methyl
esilicone, while and after the Backfilling of the chgmber-was done,
This set of data is reduced to reflectance-change formrin Figure 9. Re-
exposure to air causes a raﬁid rate of refléctance recovery in the
infrared region; this rate decreases with time, as Figure 10 shows. In the

visible region, however, reflecdtance is restored much more slowly, with
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Table 6. Decrease in Reflectance at 590 nm.

, AR = Rj - Ry, (percent) for 50 kev electron E
Sample Type exposures (electrons cm—2) of:
ampie LYP 13 13 14 1k 1% 15
1l x 10 5 x 10 1x 10 2 x 10 5.5 x 10 8 x 10
B - - - 0 0 --
F . 9 13 RPLE 19 32
L 1} - 8 . [ 20 -
M - 3 o 5' .10 . 18
N 0 -- - | & | 13 | e
0 - - - 2 - 3 Rl
P - - S e -3 14 20

*H, I, J, K: Very small changes even after exposures of 8 x 1010 electrons cm=2.

Table 7. "Permanent'" Reflectance lLosses

Sample _Approximate Loss of Reflectance (percent) for Egposure ofﬁ
Types? 5.5 x 1014 Electrons cm-2 8 xilo15 Electrons'cm"2
U.V. Edge | Visible | Infrared JU.V. Edge | Visible | Infrared
B 0 0 0 4 0 0
F 0 1 -0 3 1 i
M ) o] 0 0 4 0 0
o 6 0 0 6 b 0
P . 3 .0 6 A 0
L 2 6 13 7 9 20

© *Types H, I, J, and K exhibited no permanent reflectance losses.
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considerablel"Permanent" damage remaining in the diffuse coatings even days
after backfilling the chamber with air.

. This data is seen to be consistent with résults from early in-air

testé, in which coatings exposed to high fluences showed signs of permanentA

effects mainly in the visible wavelength region.
After completion of in-air reflectance”measurééents, the CRETC was

re-evacuated in an attempt to confirm results fepoftéd»glsewhere, to the

effect that certain specimens have a memory for damagefsuétaihed dﬁring a

previous pﬁmpdown.1 VIn our tests results weré-ﬁegativeion all éoatinéslr
measured, as no memory for prgviohs damage was éxﬁibited f§; tﬁevtwo éases
of (1) pumpdown only, and (2) éumpdown foilowed by a small electron
exposure. (The exposure was made to see if it would "trigger“ a return
to the degraded state.) | »

More recent discussions'with G. A. Zerlaut of IIT Research Institute

have indicated that, when placed in vacuum a second tinme, unbound ZnO

pigment has a memory for previous damage.

J. E. Gilligan, oral remark at the 2nd AIAA Thermophysics Specialist
Conference, lew Orleans, Louisiana, April- 19, 1967. ‘
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3.0 NEW TECHNOLOGY

Research work performed on this contract has been reviewed. To the

best of our knowledge, there is no new technology to report to date.

-

4.0 PROGRAM FOR THE NEXT REPORTING INTERVAL

‘The next reporting interval will be for the period of 15 June
through 15 September. During that quarter the exposure of samples to

ultraviolet-rich electromagnetic radiation will be conducted.

2




.visible region, and (2) the more recent results of in situ testing that
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5.0 SUMMARY OF RESULTS, CONCLUSIONS, AND RECOMMENDATIONS

5.1 ‘Summary of Results

\ 1. In the types of coatings studied for this contract, degradation

in spectral reflectance due to 50-kev electron exposure appears to be

independent. of irradiation rate, over a range of rates from those typical

of peak space rates (4 x 108 electrons cm-2 sééfl):£q7léboratory rates as
much as & xrlO3 higher. The fluence range over which{thié rééult was ob-
tained.spans the various damage thresholds of_théAcoatihgs feSted ;-'1 x"1013
to 8 x 10%? electrons cm 2. | o |

2. Thresholds for reflectance degradafion,Aand raié'of buildup of
degradation'vary considerably, even among coating formulations 6f a singlé
class (é.g. TiOZ-methyl silicone). 1In Zn0-methyl silicone coatings,
degradation proceeds to very high refleqtance'change value; before satura-
tién OCCurs. |

3. Coatings employing ﬁethyl silicone bindersHSugﬁain the greatest
dégree of reflectance degfadation in the infrared waveléngth region,
Coétinés uéing potassium silicate binders suffer the largest electron-
induced reflectance losses in the visiblé region,

4, Substantial restoration of spectral reflectance toward pre-

irradiation values occurs in most diffuse coatings upon re-exposure to air.

" '5.,2 . Conclusions

l. The results of these tests on thermal control coatings tie
together (1) the results of early in-air tests (samples exposed at high

fluences), in which specimens evidenced lasting effects only in the
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indicate théé contamination-free exvosures tovelectrons show reflgctance
changes in the infrared region as well,

VZ. Irrédiation of thermal control coatings with 50-kev electrons
at aécelefated laborator} rafes appears to be valid, at least.fo an‘aéceleré-
tion factor of h‘x 10°. | |

3. Non-linear damage is present in dﬁe;or mb?é wavelengtﬁ regions
of several coating types examined. Degradatioﬁ préééedsfmosﬁ‘nearly linearly
with electron fluence iﬁ type F, zinc oxide/éluminum.oiidé;pofagsiﬁm.silicate.

| L, -Based upon substantially differentadég;adgtion pheno@ena.(Qafiohs
reléti?e amounts of refleéténce change) in the several wéVélength regions
sfudied, fhe operation of more than one damage mechanism is indicated.
5.3 Récommendations h
| The-following recommendations are'made;

‘1. That a study of the dependenée of reflectanéé degradafion in
. seiectéd thermal control coating types, upon the incidént energy éf elecfrbns
between 20 and 80 kev, be performed as an add-on to this.contract.
| K 2. That in the interest ofvbeing able to characterize test results
nore fully; and to arrive at more meaningful.conclusions,<more information
on the formulation and preparation of coating specimens be passed along to

Boeing whenever it is shared with NASA-Goddard by suppliers.
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