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PREFACE

The workshop was a two-day meeting sponsored by the Space Environments and
Effects (SEE) Program. The SEE program is a major activity under the Advanc_i

Technolosy and Missions Studies Division of the NASA Office of Space Science. The

objective of the workshop is to provide a forum for exchanging new developmants in

spacecraft contamination and coatings.

The workshop was attended by representatives from NASA,/PL, DoD, industry, and

universities concerned with the spacecraft contamination engineering and thermal control

coatings. Approximately 130 people attended the Workshop and participated in technical
sessions and round table discussion.

The workshop was organized by Drs. Philip Chert and Steve Benner of the Thermal
Engineering Branch at the Ooddard Space Flight Center (GSFC). Four technical sessions
were chaired by Ms. Eve Wooldridge, Ms. Sharon Straka, Mr. Randy Hedgeland, and Mr.

Lon Kauder of GSFC. Administrative and logistics support was provided by Ms. Jessica Katz
of GSFC and Ms. Sharland Norris of Jorge Scientific Corporation.

Single copies of this document can be obtained by writing to

Philip Chert
NASA/GSFC

Code 724

Greenbelt, Maryland .20771

philip.chen@gsfc.nasa.gov
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Figure0-27. Silicon 2p spootrum for bolt F1-6b, position 1.
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Figure G-28. Carbon ls specmm_ for bolt F1-6b, posidon 2.
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Summary of MDA Supporting Documentation
for the Topics Discussed

Outgassing Rate Data
1. Fussell, J. V and Warnes, N., Contamination Deposited on PG-1 Critical Surfaces from Node-1
Sources, MDC Report 97H0520, April 1997 (Available from Boeing at Houston)

2. Hasegawa, M. M., Fussell, J. V. and Babel, H. W., Contamination Deposited on PG-1 Critical
Surfaces from PMA-1 Sources, MDC Report 97H0340, March 1997 (Available from Boeing at
Houston)

3. Fussell, J. V., Hasegawa, M. M., and Babel, H. W., Contamination Analysis of the Vacuum
Baked Ku-Band Antenna Group, MDC Report 96H0424, June 1996 (Available from Boeing at
Houston)

4. FusseU,J. V. and Babel, H. W., Contamination analysis of the Silicone Cable Pigtails, MDC
Report 95H0469, April 1996 (Available from Boeing at Houston)

5. Hakes, C., Garrett, J., Ehlers, H. and Albyn, K., Measurements of Condensable Outgassing
Rates of External Materials on the International Space Station, AIAA Paper AIAA-96-0628,
34th Aerospace Sciences Meeting, Reno, NV, Jan 15-18, 1996

OPM
6. Hasegawa, M. M., MDA Memorandum describing sample preparation

7. Edwards, D. L., MDA/OPM Pre-Contaminated Z-93P Contamination Migration Investigation,
NASA MSFC Report, 26 August 1996

8. Edwards, D. L., Long Term Ultraviolet and Vacuum Ultraviolet Exposure of McDonnell
Douglas Aerospace Pre-Contaminated Z-93P, 19 February 1997

Ruorocarbon Coating of Z-93
9. Daneman, S.A., and Babel, H.W. "Advanced (Improved) Thermal Control Coatings for Use
in low Earth Orbit Applications," presented at the 24th International Conference on
Environmental Systems & 5th European Symposium on Space and Environmental Control
Systems, Friedrichshafen, Germany, 20-23 June 1994.

Qontrolled Silver and Cadmium Plated Fasteners
No published documentation

Sulfuric Acid Anodizing tO Provide Controlled Optical Properties
10. Jones, C.A., David, K.E., LeVesque, II R.J., and Babel, H.W., "Modification of Commercial
Sulfuric Acid Anodize Process for Control of Thermal Properties," presented at the 45th
International Astronautical Congress of the IAF, Jerusalem, Israel, 9-14 October 1994

11. David, K.E. and Babel, H.W., "Optical Property Degradation of Anodic Coatings inthe
Space Station Low Earth Orbit," presented at the AIAA Materials Specialist Conference, Dallas,
Texas, 16-17 April 1992.

12. Le, H.G., Simpson, K.E., Smith, C.A. and O'Brien, D.L., "Modified Sulfuric Acid Anodic
Coatings for Spacecraft Thermal Control," presented at the 5th International Conference on
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Surface Modification Technologies, University of Birmingham, United Kingdom, 2-4
September 1991

Stable Reds. Blues and Yellows in Space
13. LeVesque, R. J. II, Jones, C. A., and Babel, H. W., Clear, Colored and Black Anodic
Coatings for Passive Thermal Control of the International Space Station, SAE Technical Paper
951653, 25th International Conference on Environmental Systems, Sand Diego, 10-13 July
1995

Stable Black Coatings in Space

14. LeVesque, R.J., Ho, M.M., Vickers, B.D., Babel, H.W. and Pard, A.(1), "Black Anodize as a
Thermal Control Coating for Space Station Freedom," presented at the AIAA Materials
Specialist Conference, Dallas, Texas, 16-17 April 1992

Z-93 Applied to Anodized aluminum
15. Daneman, S.A., Babel, H.W., and Thomlinson, M.M. "Advancements in Long-Life Thermal
Control Coatings for Low Earth Orbit Applications," presented to 23rd Conference on
Environmental Systems, Colorado Springs, Colorado, 12-15 July 1993.

16. Babel, H. W. and Le, G. H., High Emittance Low Absorptance Coatings, U. S. Patent
Number 5,296,285, May 26, 1992

Tailored Optical Properties
See reference 15

Charac|erized Low Emittance Conversion Coating_
17. LeVesque, R. J., De Jesus, R. R., Jones, C. A., and Babel, H. W., Low Emittance
Chromated Chemical Conversion Coatings for Spacecraft Thermal Control in Low Earth Orbit,
presented at the Space Technology & Application International Forum for The Institute for
Space and Nuclear Power Studies, 7-11 Jan 1996, Albuquerque, NM

Thermal Control Working Standards and Design Properties for BOL and EOL with
(_0ntamination
18. Smith, C. A., Dever, J. A., and Jaworske, D. A., Measurement of Solar Absorptance and
Infrard Emittance of Spacecraft Materials, Proceedings of the 7th International Symposium on
Materials in a Space Environment, 16-20 June 1997, Toulouse, France.

19. Smith, C.A., Jones, C.A. and Babel, H. W. Measurement Effects on Optical Properly
Design Values, Report MDC 92H0783A, February 1993

20. David, K., Normal and Hemispherical Emittance Measurements Made at Surface Optics
Corporation, Report MDC 95H0397, August 1995

21. Babel, H. W., Jones, C. and David, K., Design Properties for State-of-the-Art Thermal
Control Materials for Manned Space Vehicles in LEO, Acta Astronautica, Vol. 39, No. 5, pp
396-379, 1996

Instrumentation

22. Unpublished information from AZ-Technology on their instrument TEMP2000 for
emittance measurements on round-tube, 8-16-94.

Additional MDA Publications and Work Related to Thermal Control Coatings
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23. Le, H. G. and O'Brien, D. L., Process for Producing a High Emittance Coating and
Resulting Article, U.S. Patent No. 5,217,600, May 1, 1992

24. David, K. E., Jones, C. A., and Babel, H. W., "Update on the Degrading Effects of Silicone
on Exposed Spacecraft Surfaces," presented at the 1995 International ASME/JSME/JSES
Solar Energy Conference, Kaanapali, Maul, Hawaii, 19-24 March 1995.

25. Smith, C. A., Jones, C. A., and Babel, H. W., "Development of a Facility and Testing
Procedures for Vacuum Ultraviolet Exposure of Spacecraft Materials," October 1994

26. Babel, H. W., Hasegawa, M, Jones, C. and Fussell, MDA, The Effects of Contamination
from Silicones and a Modified-Tefzel TM Insulation on Critical Surfaces of the International Space
Station, 47th IAF Conference, Beijing, China, 7-11 October 1996

27. Jones, C.A., David, K.E., LeVesque II, R.J., Babel, H.W., "Environmental Effects on
Passive Thermal Control Materials of the Space Station Freedom," presented at the 44th
Congress of the International Astronautical Federation, Graz, Austria, 16-22 October 1993.

28. Babel, H. W., Jones, C. A., Daneman, S. A., David, K. E., Smith, C. A., "Understanding
and Controlling the Degrading Effects of Silicone on Exposed Spacecraft Surfaces,"
presented at the 6th International Symposium on Materials in a Space Environment, Noordwijk,
The Netherlands, 19-23 September 1994.

29. Dever, J. A. unpublished data VUV Exposure of TefzeI-Contaminated Z-93-P, NASA
LERC test Results on tests conducted between 10t29/96 and 11/20/96

30. Babel, H., Hasegawa, M., Jones, C., and Fussell, J., The Effects of Contamination from
Silicones and a Modified-Tefzel TM Insulation on Critical Surfaces of the International Space
Station, 47th IAF Congress, Beijing, China, October 7-11, 1996 Paper IAF 96-1.5.08

31. Smilh, C.A., Lan, E.H., Cross, J.B.(3), "A Technique to Evaluate Coatings for Atomic
Oxygen Resistance," presented at the 33rd SAMPE International Symposium, Anaheim,
California, March 1988.

32. Cross, J.B.(3), Lan, E.H., Smith, C.A. and Arrowood, R.M.(5), "Evaluation of Atomic

Oxygen Interaction with Thin Film Aluminum Oxide," presented at the 3.r_dInternational
Conference on Surface Modification Technologies, Neuchatel, Switzerland, August 1989.

33. Babel, H. W., "LDEF's Contribution to the Selection of Thermal Control Coatings for the
Space Station," presented at the Third LDEF Post-Retrieval Symposium, Williamsburg,
Virginia, 8-12 November 1993.
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ROTARY FEEDTHROUGH
FOR QCM SHUTTER

SHUTTER

MASS SPECTROMETER

"_ LN2 FEEDTHROUGH
1.,

EFFUSION CELL

VALVES MECHANISM

"rURBOMOLECULAR
PUMP

CRYOPUMP
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Example #1

Chemglaze Z306 with Deft primer
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- 0E+00

QCM Frequency and Mass Deposited on QCM during the Isothermal
Outgassing Test on Chemglaze Z306/Deft Primer at 125°C.
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Total Mass Loss from the Sample during the Isothermal Outgassing Test
of Chemglaze Z306/Deft Primer at 125°C.
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* QCM at 220 K
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Volatile Condensable Material for QCMs at 160 K, 220 K, and 298 K during
the Isothermal Outgassing Test on Chemglaze Z306/Deft Primer at 125°C.
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Measured and Corrected Frequencies for the 80 K QCM during the QTGA
of the Collected Deposit from Chemglaze Z306/Deft Primer at 125°C.
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350 400

E

Mass Loss from the 80 K QCM during the QTGA of the Collected

Deposit from Chemglaze Z306/Deft Primer at 125°C.
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Evaporation Rate from the 80 K QCM during the QTGA of the Collected
Deposit from the Chemglaze Z306/Deft Primer at 125°C.
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Example #2

Contaminated Kapton
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96JUN03: Kapton (contaminated) at 150°F.
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. • , , I , • ' • I .... I t | i ! | t

• I I I .... I

0 5 I0 15 20 25

Time (hr)
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96JUN03: Kapton (contaminated) at 150°F.
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96JUN03: Kapton (contaminated) at I$0°F.
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96JUN04Q: QTGA after Kapton (contaminated) at 150°F.

eq

g.t
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300 350 400

QCM Temperature (K)
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96JUN04Q: QTGA after Kapton (contaminated) at 150°F.
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QCM Temperature (K)
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75000

96JUN04Q: Scan Avg 117-129 (116.02 - 128.02 min) - Back

Base: 18.00 Int: 4.14379e+006 Sample: Kapton(_o_i.._l
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96JUN04Q: QTGA after Kapton (contaminated) at 150°F.
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_. QCM at 80 K
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m
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Example #3

Cis-polyisoprene
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KJ._q0?: Cis-polyimprene st 30°C to 0*C.

(tmd_mmr=l ,ml_)

A

I 1B.07'

J

IB-08

IF._OJ
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&

&

6

0
I I J I

5 I0 15 20

Time (hr)

25
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0.22

0.2'

0.18'

0.16-

i 0.14-0.12'

0.08-

0.06-

0.04-

0.02-
L

0-;

0

96JAN07: Cis.polyimprene at 300C to 0"C.

Oboiknma_ _ple)
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O.O3

0.025-

0.02-

&

i 0.015.

_u

,..= o.ol

0.005.

96JAN07: Cis-polyisoprene at 30"C to O°C.

(bulk _ nmple)

I I • . , l a i a t t • • a i l • • I i i • • a i

A

&

A

$ 10 15

Time (hr)
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96JAN08Q: QTGA after Cis-polyisoprene at 30°C to 0°C.

N

¢J

=
O"

t.

900

800-

700'
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5oo-
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3oo-
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100-

0

50

/' QCM at 80 K

100 150 200 250 300 350 400

QCM Temperature (K)
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96JAN08Q: QTGA after Cis-polyisoprene at 30°C to 0°C.
(bulk material sample)

TE-09

6E-09

5E-09'

IE-09

0

50 IO0 150 200 250 300 350 400

QCM Temperature (K)
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1600000

1500000-

1400000

1300000

96JAN05: Scan Avg 3-4 (10.02 - 15.02 mini - Back. gla_
Base: 18.00 Int: 6.39405e+006 Sample: Cls-polylsoprene on

J
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96JAN07: Scan Avg 4-6 (15.02 - 25.02 min) - Back
Base: 32.00 Int: 6.69337e+006 Sample: Cls-polyisoprene
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File:

Operator: KG

Date Acquired: 12 Jan 96
Method File: TD10DB5.M

Sample Name:
Misc Info:

ALS vial: 5

C: \CHEMPC\DATA\KATHI \AC163 IA. D

11:09 am 6CIRS _O,'_'a,

**100FOR10. TCP NZZL-120. CCP**CIS-POL¥ISOPRENE
II

Abundance TIC: ACI631A.D

2800000

2600000

2400000

2200000

2000000

1800000

1600000

1400000

1200000

i000000

800000

600000

400000

200000 _IW

0 .... I .... I .... I .... I _ ' ' ' I .... 1 ' ' '
Time -> 15.00 20.00 25.00 30.00 35.00 40.00
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File:

Operator: KG

Date Acquired: 12 Jan 96
Method File: TDIODB5.M

Sample Name:
Misc Info:

ALS vial: 5

C:\CHEMPC\DATA\KATHI\ACI631A.D

** 100FOR10. TCP NZZL-120. CCP**CIS-POLYISOPRENE

_bundance

2800000

2600000

2400000

2200000

2000000

1800000

1600000

1400000

1200000

i000000

800000

600000

400000

200000

0

Pime ->

O_

v

TIC:

Q

k.

P(

ACI631A.D_,_" _I

!

p.

o-.-

W

.... I .... I .... I .... I .... I .... I .... i ' "' ' I .... I

12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00
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_UANI)_: QTGA _er Cls.polylsopreue at _ _o O°C.
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Example #4

Hytrel 8068 Fiber Optic Boot
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95$EPI9B: Hytrel 8068 Black Fiber Optic Boots at 125*C.
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9$SEPI9B: Hytrel 8068 Black Fiber Optic Boots at 125"(2.

0.5

0.4 °

0.3-

|
0.2-

U
i
omm
_d
a8

mussc_

0.1

• • • • I • • • • i • I a i | • • • • I I a s i

a QCMm 160K

Jt _QCM at220K

i

1600

1400

1200

1000

8O0

"a

_a

2O0

0 5 10 15 20 25

Time (hr)

376



9$SEP20Q: QTGA after Hytrel 8068 Black Fiber Optic Boots at 12._C.
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Out_assed S_necies Determined bv OTGA

fir.eaa  uauatt

A 35 %

B 2%

C 6%

D 5%

E 17 %

F 23%

G 10%

snecJes

water

(I) unidentified aromatics chmactefized
by ions at 77, 91

(1) diethyl biphenyl
(2) unidentified species characterized

by ions at 181,210
(3) teuabmmobenzene

(1) unidentified amine characterized by strong
ion at 58

(2) small amounts of unidentified species
characterized by ions at 135, 137, 149, 151

(3) small amounts of unidentified species
characterized by ions at 420, 452

(I) unidentified amine characterized by strong
ion at 58

(2) unidentified species characterized
by ions at 91, 134

(1) unidentified species characterized
by ions at 91, 134

(2) small amounts of unidentified species c_
by ions at 285, 302, 374, 397, 421

(1) unidentified species characterized
by ions at 240, 268

(2) unidentified species characterized
by ions at 268, 296

H 2 % unknown

t percentage of the outgassed species (TML) found in this evaporation group
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Example #5

Cleanliness Characterization Tests
(AI, Ti, SS... substrates)
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97JUN24A: Empty Cell at 125°C.
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97JUN24B: Aluminum Coupon at 125°C.

74O6
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97JUN24B: Aluminum Coupon at 125°C.
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CALORIMETRIC EMITTANCE FACILITY

Purpose: Determine the Total Hemispheric Emittance of

Thermal Control Coatings

Temp Range: 40OK. 340OK

Sample Size: 1.5" diameter Aluminum Substrate
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Calculation of Emittance

AT ( T4 Ts4)_Owl-Qgas Qsd- _Cp.---_a.o.E. -
At

A Tv k

- m al-CP alk. Atk

A Tv k

mp'CPc k" At k
---a S-G.E 1"[ (Tk) 4- (TSk)4] - Q w k- Q gask+ Q sd k

aR'o-[ (TJ4 - (TSk) ' ]

Where:

m,, : mass of Aluminum

mp : mass of coating
a = total emitting area of coating
a, = area of sensor screw

T = Temperature of Sample
Ts = Temperature of Shroud
a = Satefan-Boltzman constant
E = emittance of sensor screw head

At = time for sample change temp

AT= Temperature interval
Cp,d = Specific heat of Aluminum

Cpc = Specific heat of coating
Q,, = Heat loss due to Heat Radiation from Sensor Leads

Qp, = Heat loss due to Residual Gas in Chamber

Q,d = Heat input due to resistive heating from Silicon Diode Sensor

4O4



Heat Losses

Heat loss due to residual Gas in Vacuum Chamber:

Qgas=A.a._s3.(T - Ts).P.a

Heat flow through sensor wire:

qw_- x-

_¢here;

D = diameter of wire m
k = thermal conductivity of wire
T = temperature of sample (K)
"Is = temperature of shroud (K)

= emittance of wire coating
<_= Stefan- Boltzman constant W/m2K 4
P = Pressure in tort
<z= accommodation coefficient
Ao = free molecular conductivity at 0°C
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Reflectance of Z306 as a function of angle of incidence

0.35"I
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Emittance of Z306/pure aluminum

p0.9 _ i _ I
j j --

0.8

0.7

o 0.6

0.5

0.4

0.3

0.2

0.1

0
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400

Temperature K

Z306/pure aluminum

Euro data

Z306 max

Z306 rain

0.1

0.09

0.08

0.07
.. 0.06

o 0.05

0.04

0.03

0.02

0.01

0
o 20

Estimated Error in Emittance Calculation

i 1 ! ! , .d

40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380400

Temperature of Sample (K)

407



408



409



SOLAR WIND FACILITY

Purpose: Simulate Solar Wind & measure degradation of

Thermal Control Coatings cause by UV & p+

Sample Size: 12 samples 2cm dia

Beam Energy: 500eV- 10KeV +50eV

Current Density: 2.7nA/cm 2

Beam Size: 12cm

Design Criteria: Exposure time significantly less than old facility

UV simulation more complete

Absolute In-Situ Reflectance measurement

Integrating Sphere independent from main chamber

Minimum of 12 samples
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GSFC Solar Wind Facility

Planned Testing

Initial Test Second Test

1. MS74

2. S13GPLO

3. NS43G

4. Ag Teflon 5mil FEP

5. Ag Teflon 2mil FEP

6. VDA/Kapton 5mil

7. ITO/VDA/Kapton 2mil
8. NS43C

9. A276

10. GSFC Composite Coating

11. Z93P

12. VDA (degrading reference)

1. AZ174

2. Z306

3. Z307

4. Z93SC55

5. AZ4301

6. L300

7. H322

8. Spectrally Selective Coating

9. Z93SC1655

10. A276

11.Dark Mirror Coating

12. VDA (non degrading reference)
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THERMAL COA TINGS

Coatings Measurement
Facility

The reflectance and transmittance of thermal

control surfaces are measured over the

wavelength range 0.25gm to 2.5 gm. From this
data the solar absorptance is calculated via

ASTM-Eg03-82. The normal emittance (en) is also

calculated from normal reflectance data of

surfaces from 5 to 40 I_m.

MUL TISEEDES
UV Degradation Chamber

This facility is designed to provide long term full

spectrum solar exposure for 14 thermal coatings

test samples under vacuum. A dedicated
spectrophotometer is capable of measuring

degradation of reflectance of the test samples in-
situ.

Calorimetric Emittance
Chamber

The Calorimetric Emittance facility has been

designed to measure the total hemispheric
emittance of thermal control surfaces via a

calorimetric technique over a temperature range
of 40°K - 350°K.

Electrostatic Facility The Electrostatic Charge Facility is designed
to determine charging of thermal control surfaces

under electron current densities and energies
found on orbit. Surface conductivity can be

determined for a coating from -150°C to 100 °C.
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Solar Wind Facility The Solar Wind Facility is a combined effects

chamber design to simulate the effects of low

energy protons in combination with ultra violet
light on thermal control coatings. This facility has
the capability of accommodating twelve 2 cm

diameter sample simultaneously. These samples
can be exposed to protons with energy ranging
from 0.SKev to 10Kev with flux densities of 3x10 s

cm 2. This intensity is sufficient to allow the

equivalent of one year of on orbit exposure to be
simulated in approximately 3 weeks. Degradation

in that the total hemispherical reflectance of each
sample can be measured in-situ over the

wavelength range 0.25-2.4 gm.

Bell Jar Vapor Deposition

System I

This facility is a fully automated resistance

evaporation system. Utilizing a programmable

logic controller, capable of depositing a series of
up to 6 different materials in a single run. This

system is currently dedicated to coating
astronaut visors exclusively

72 inch diameter

Vapor Deposition System

&Thermal Vacuum System

This system can deposit a series of up to 4

different materials via resistance evaporation plus

four additional materials via electron beam, in a

single run with optional substrate rotation and

optical monitoring capabilities. This system also
has an available shroud that can be installed to

convert the chamber for thermal vacuum test

purposes

421



Bell Jar Vapor Deposition

System II

A resistance evaporator with automatic valve

sequencing and deposition control, capable

of depositing a series of up to 5 different

materials in a single run. It also has substrate

rotation and optical monitoring capabilities.

Bell Jar Vapor Deposition

System III

A resistance evaporator with substrate rotation,

capable of depositing a series of up to 4 different

materials in a single run.

Thermal Vacuum Chamber A thermal vacuum cycling chamber capable

of achieving temperatures from ~ +150°C to -
190°C. This chamber can be fitted with cold

plates, 21 by 21 inch maximum. The available

shroud in 12 inch diameter by 15 inch height.
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Spectral Modulation with LixW03

Solar Near Infrared Thermal
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Typical Performance of Promising Conductive Absorber Optical Coatings

in Low Earth Orbit (LEO)

Material Pre-exposure Post-exposure Acz
as as

i

Inorganic-Conductive

Tested By

MH55-IC

MH55-IC

0.940

0.942

0.939

0.941

-0.001

-0.001

Aerospace Corp.

Aerospace Corp.

MH55-IC 0.928 O. 938 O. 010 GSFC

DBG-IP 0.974 0.975 0.001 Aerospace Corp.

DBG-IP 0.973 0974 0.001 Aerospace Corp.

DBG-IP 0.957 0.951 -0.006 GSFC

DBG-DHS 0.958 0.957 -0.001 Aerospace Corp.

0.956 00.956DBG-DI-IS Aerospace Corp.

Organic-r'Texible-Conductive

D21S/LO 0.980 0.980 0 Aerospace Corp.

D21SC/LO 0.956 0.957 0.001 Aerospace Corp.

D21SC/LO 0.955 0.956 0.001 Aerospace Corp.

MH21SC/LO 0.963 0.964 0.001 Aerospace Corp.

MH21SC/LO 0.965 0.965 0 Aerospace Corp.

MH41SCB/LO 0.951 0.950 -0.001 Aerospace Corp.

D36SCB/LO 0.962 0.967 0.005 GSFC

MH41SCB/LO 0.939 0.947 0.008 GSFC

MH21SCILO 0.951 0.955 0.004

All tests at GSFC involved exposure to 1000 ESH of UV and vacuum.

GSFC

All tests carried out at Aerospace Corporation involved exposure to 2000 ESH of UV +

8.26 x 10 t3 e'/cm'- [100 KeV] + 5.18 x 10 _3 e'/cm 2 [35 KeV] (typical DMSP orbit) and
vacuum.
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Typical Performance of Promising Conductive White Thermal Control Coatings

in Low Earth Orbit (LEO)

Material

Concept:

Pre-exposure Post-ex'posure Aa Tested By
as as

I I I

Z-93CXY - Flash calcination of ZnO (SP-500) to retain controlled Zn

interstitials, and stabilization with doped hybrid, silicate binder.

ZnO(FC)/DHS-2 0.139 0.141 0.002 Aerospace

Corp.

ZnO(FC)/DHS-2 0.146 0.146 0.000 Aerospace

Corp.

ZnO(FC)/DHS-2 0.158 0.168 0.010 GSFC*

Concept: Z-93SC55 - Stabilization of Zn interstitials via microencapsulation and

incorporation in hybrid silicate and doped hybride silicate binders.

S 13GP/DHS- I 0.147 0.153 0.006 Aerospace

Corp.

S 13/GP/DHS- 1 0.142 0,148 0.006 Aerospace

Corp.
, ,, . ,, ,

S 13GP/SS-55 0.125 0.140 0.015 Aerospace

Corp.

S 13GP/SS-55 0.127 0,137 0.010 Aerospace

Corp.

S 13GP/SS-55 0.140 0.177 0.037 GSFC**

S 13GP/SS-55 0.151 0,206 0.055 GSFC**
i i

Concept:

DS13N/SS-55

Z-93SCLMXY - Stabilization of Zn interstitials via microencapsulation

using doped hybrid silicate binder and incorporation in hybrid silicate

binder or doped hybrid silicate binder,

0.173 0.0350.136

DS 13N/SS-55 0,137 0.153 0,016

DS 13N/DHS-2 0.124 0.161 0.037

DS 13N/DHS-2 0.122 0.128 0.006

DS 13N/DHS-2 0.148 0.154 0.006

Aerospace

Corp.

Aerospace

Corp.

Aerospace

Corp.

Aerospace

Corp.

GSFC*
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Typical Performance of Promising Conductive White Thermal Control Coatings

in Low Earth Orbit (LEO)

Material

Concept:

Pre-exposure Post-exposure Au Tested By
°es as

i I

Flexible conductive white TCC with DS13N in stripped silicone.

DS13N/LO-41

DS 13N/LO-41

DS 13 N/LO-41

0.161

0.163

0.210

0.278 0.117

0.076

0.22

Aerospace

Corp.

Aerospace

Corp.

GSFC*

Conductive Concepts with Other Pigments:

ZOT/Phos. Sol.

ZOT/Phos. Sol.

ZOT/SS-55

ZOT/SS-55

ZOT/SS-55

EuzOJSS-55

Eu,O3/SS-55

EuzOJDHS-2

0.131

0.128

0.117

O. 149

0.151

0.156

0.112

0.129

0.087

0.100

0.093

0.076

0.096

0.156

0.180

0.138

0.126

0.158

0.108

0.129

GSFC test involves exposure to 1000 ESH of UV.

0.018

0.023

0.039

0.044

0.051

0.051

0.028

0.065

0.032

0.033

This GSFC test involves exposure to 4000 ESH of UV.

Aerospace

Corp.

Aerospace

Corp.

Aerospace

Corp.

Aerospace

Corp.

GSFC

Aerospace

Corp.

Aerospace

Corp.

Aerospace

Corp.

Aerospace

Corp.

GSFC*

All. tests carried out at Aerospace Corporation involves exposure to (2000 ESH of

UV + 8.26 x 1013 e'/cm'- [100 KeV] + 5.18 x 1013 e'/cm 2 [35 KeV]) typical
DMSP orbit.

• i
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