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A3-J024-RJL-M-501786
22 September 1886

MEMORANDUM

ject: ATOMIC OXYGEN AND VACUUM ULTRAVIOLET
Sublect gigll’AL'lTlgg Expgsuae OF METALPHOTO LABEL SAMPLES

To: H.W. Babel, C. A. Jones, 66 M&P, J. Schegrer
From: R. J. LeVesque
References:
© m?) *Astro and Honeywall Labal Vacuum Ultraviolet Stability Assessment,”
Memorandum A3-J024-M-9500710 .
2) "Astro and Honaywall Label Atomic Oxygen Stabillty Aesessment,
Momorandum A3-J024-M-9500916

3) Laboratory Case Sheets # 161311

Elght samples of photosansitive anodized Metaiphoto® ajuminum sheets were exposed
tog-zo.ooopl::uivaplgnt sun hourg (ESH) of vacuum ultraviolet radiation (VUV) and
3.1x1021 atoma/cm?2 of atomic oxygen (AO). This is equivalent {0 approximately ten
years of VUV on-orbit, and approximately one year of on-orbit AO exposure. it appears
that these labe! materials are suitable for use in exposed, exxarior tocations of the
Intarnational Spacs Station (ISS). However, it also appears that the stabllity of ths goid
label process may vaty significantly with processing technique.

Five shades of Metalphoto's Sunfast Gold, two black and one sliver sample propared by

the raw material manutacturer, Metalphoto, were used in this exposure tast. The gold

samples were colored/saaled with differant solution temperatures and durations. Earliar

studles of Metalphoto labels tested samples prepared by a sggpller using materials

purchased from Metalphoto. These tests showad no visible changes after 4787 ESH of

yéj\fa(ﬂefergr;ce 1), but significant fading of the gold color following AO exposure
e18erancs 2).

Metalphoto samples ware subjected to thres expoeuras of intansa VUV radiation,
followed by three periads in an oxygen plasma asher to simulats the AQ exposurs. The
solar absorptance, infrared emittance and colorimeter values of each coupon were
measured bafore the VUV and AO exposures, and after each incremental exposure
step. Colorimeter values were not meagured after tha first or sacond AQ exposure.

All of the exposcd samploe appeared mora matte and diffuse, and slightly different in
color. The gold samplas dariened slightly and the black samples faded siightly. All
colors romained clearly recognizable. Color photographs of pre- and post-test samples
will be avaliable for inspaction after September 28. The gold sample resulits, compared
to the aardier AQ exposurae test (Reference 2), suggest that the stability of the gold
labals is dependent upon tha method usad to color and seal the coating. I this label
system is selacted for use on ISS It is recommended that samples from all suppliers be
tested to verify stability in the production labals. :

The absorptanca values are gsnerally consigtent with the visual observations:
absorptance increased for the gold and decreased for the black. The colorimeter *L°
values, however, decreased for all samples, indicating a reduction In the light refiected
hv tha caatina (L=100 Is bright white, L=0 is completely Black). The sliver sample
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exhibited no net change In absorptunce, elthough it changed during the incramental
axposures, and its L value decreased. Teble 1 shows the change in optical properties
observed after all exposures (Reference 3). Figures 1A - 1H and Tablee 24 - 2H
display the Incremental optical property and colorimeter data obtained during the
axposure tests.

The black samples decreased in absorptance signiticantly following these exposures.
The gold samples increased, though, they appear to tend toward a limiting value. It
appears that the AO exposure subsequent to the VUV exposure mitigates the
absorptance changes to somo extent. This is most evident in Figures 1A - 1H, which all
clearty show an absorptance change during VUV exposures, followed by a reduction in
this @ after AO exposure. This may Indicate some type of changs in the surface
of the coating, as opposed to within the coating, since confidence Is high that no
contaminants were Introducad during the VUV or AQ testing. The absorptance changes
observed in this tast are not acceptable for most thermal control coating applications.

In summary, it appears that the Metaiphoto gold, sliver and black photosansitive anodic
coallings igsted are acceptabla candidates for exterlor labeling on ISS. If this product is
selected for such uee, howsvar, i is racommended that the VUV/AO stabillity of each
supplil:r's product be verlfied due to the apparent variabllity of stability with processing
technique.

Direct questions to the undersigned at 714/808-3311 x7-1582.
Sincerely,
Original Signed By

Raymond J. LaVesque, |l
Materials & Proocosees

Space Station
Table 1. Summary of Optical Property changes following VUV and AO expasurss
Oolorimetnr valnes Actoal total expaires |
Semple (hlorwsted| Aa | Ae | AL ! Aa | Ab VUV AQ stom/cm?
S$/B-S2 Siver | 000 | 001 [27.10] 600 [ -730 | 20162 | 31g102
S/8-B2 ~ Bixk | 009 | O |-1130| 260 | 030 | 20162 311021
G/8X-Q2 Gald 004 | 001 j-2300] 970 | -1140 | 18849 3.1x1021
GB4AGZ | God | 006 | D1 |-2750] 1680 [ -1730 | 1854 312100 |
G/BIABZ | Blxx | 005 | 01 |-1270] 3.10 | 030 | 18849 31x
[/B4B-02 | Gold 008 | -001 [-2600( 390 | -17.10 | 19638 | 3321021 |
G/BS G2 Gold 00s | 001 [-2S80| 780 | -1620 | 19694 i;;;.z—m
G/BE-2 Gold 006 | 000 |.72.70] 170 | -1630 | 196% | 34
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gure 1C. Gol l etalphotn VUV res: surtace
Table 2C. Gold/Black Metalphoto Coating Data: Gold guriace
Untpwlﬂedanlw.nd mtion
Calorimster values Acmal otal exposures
(77 bl i _ A0
Inida) a0 | 076 | 582 | -109 1 336 ' 0
YUV 1 0.41 096 1 32 | 48 | 237 [37<) — 0
Vuv2 5 | 06 | 318 | 13 | 245 12566 0
VUv3 54i | 076 | 316 | -5 | 248 18849 0
A0 1 043 | 075 | WA | VA | NA | 18849 7.6 100
AO2 046 0. ’3 N/A N/A N/A 18845 14x 1021
AOVFmal | 043 | 075 | 352 <12 222 | 18849 3021021
Tinal-Inital 508 ] 001 |-2300] 910 | -1140 | 18849 3.1 x 102}
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Figure 1E. Gold/Black Metalphoto VUV & AO Exposures: Black gurface
Table ZE. Gold/Black Metalphoto Coating Data: Black surface
F

Senledd for & minutes &t 156 ,
™ Colorancter values AcToal tnaal CXpUsLPes ;
ampio o 5 L'} s b SH] AO atoavcm? s
G/R4A-B2 - :
Initial 0.5] LY 263 § 25 3.7 0 0
VOV 1 0.86 o83 | 112 | 09 3 6283 0
VOV 2 o34 | 083 | 114 ] -1 34 12566 0
VUV 3 08 | 08 | na | 06 | 32 18840 )
[AD 1 S| 083 | WA | NA | NA | 18849 2.6x 1020
AO 2 —0.82 062 | NA| NA| NA 18849 14x 102
AD Final L.t}— 0.82 136 06 4 18849 3.1 x 1021
Tmaniniaal | 005 | <01 |-1270] 3. ~o30 | @ | 311021
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Figure 1F. Gold/Black Metalphoto VUV & AO Exposures: Gold surtace
Table 2F. Gold/Black Mstalphoto Coating Data: Gold surface

Sesled for 4 minutes az 158 °F Shi
Calonimeter valnet Actual total exposores

Sample N ™ l ) TT a | D [VOVEN] AOaomicm?
Initial 038 ] 076 | 568 | 32 | 442 0 0
VUV 1 04 | 0.76 18 | 299 | oom (]
vUv 2 0.44 076 | 2951 08 | 295 12004 0
VUV 3 04s | 076 | 281 | 04 | 273 | 19654 0 3

1 045 | 075 | NA | NA | NA | 1 7.6 = 1020
AO 2 046 | 075 | NA| NA | NA | 19634 141023
O | 04 | 67 [ 05| o7 | BT | DBom | o 31x10%)
i 108 | 001 | 26| 35 | 17.00| 1564 | ay.1021 |
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Figure 1G. Gold/Black Metalphoto VUV & AO Exposures: QGold surfece

Table 2G. Qold/Black Metaiphoto Coating Data: Gold surtace
Sealed for § ruinutes a1 136 °F

™ Coloriineiaa valacs Acwal (ota) CXPOSTEeL

Sampic a s | ] 2| b [VUVEH a0 ae/am?

G’BS‘GZ R,
[Tniaal “0.44 076 | 542 | ¢ | 432 ) )
VUV 1 041 | 076 | 27 | -1 | 265 6002 0
VOV 2 5 | 076 | 265 ] 07 | 263 | 12004 T
" ER 045 | 076 | 262} 21 | 263 10654 0 )
A0 1 076 | NAJl NA| NA | 19634 £100
AD2 G4 | 075 | NA| NA | NA — 15654 | —ZLTI 4x104) }
203 Ehal | 0 | 075 | 84| 34 | 26 5684 3.1x 1021
Toa e | 005 | @01 |-5s0] 780 | -16.20 19654 3.1 1
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gure 1H. Go ack Metalphoto posures: Gold surface
Table 2H. Gold/Black Matalphoto Coating Data: Gold surface
Sealed for 8 minutes at 16S °F
Colodmeter valoes Acmal total exposres
Sample a | £ L & b VUV AO smeien?
Initial 050 | 081 | 4.7 | 101 | 337 0 )
UV 1 Ok | 082 | 215} 94 | 202 6002 0
YUv2 05 | 08 | 206 | 105 | 187 12004 0
VOV 3 Gs6 | 082 | 204 | 107 | 182 | 196%4 0 _
AD 1 0.56 0.81 NA N/A N/A 19654 76X ]ﬁ
A2 056 | 082 | NA| NA | NA | 19654 1.4 x 1021
AQ VFinal 058 | 081 | 2 | 118 | 176 | 1964 3.1 x 1021 .
Foaamnal | 006 | 000 |-2270] 170 | -1610 | 1969¢ 3.1 x 1021 | |
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Tast Plan Appendix to A3-1024-M-8501786

Sampies of Metalphoto silver/biack and Sunfast Gold/black were recslved directly
{rom Metalphote. Four shades of gold are provided.

1. Samples definition (unknown alioy of supplier-provided samples):

A. Sliver/Black (undyed): :
Sliver - 8/8-81, S/8-82 Black - S/B-B1, S/B-82 ‘

B. Lightast Gold/Black (unmarked immaersion time, temperature):
Gold - G/BX-G1, G/BX-G2

. Gold/Black - 4A (4-minute immersion time, 168 °F):
O Gk G/BAA-G1, CBAAG2  Black- G/BAA-B1, G/BAA-B2

D. Gold/Black - 4 (4-minute immersion time, 158 °F):
Gold - G/B4B-G1, G/84B-G2

E. Gold/Black - & (6-minute immeraion time, 156 °F):
Gold - G/B3-G1, G/BS-G2

F. Gold/Black - 8 (8-minute immerslon time, 185 °F):
Gold - G/B8-Qa1, GBE-Q2

2. Wipe both surfaces of all samples with acetone to ensure cleaniiness.

3. Measurs the a, £, and color of all samples pror to axposure F
A. Measure and record the solar absorptance using the Lambda-9 devios.
B. Measure and record the infrared emittance using tha DB-100 device. .
C. Measure and record the L, a, b oolor values using ths Paint L ab Colorimeter.

4. Expose the following sampies to VUV (20,000 ESH) In four steps of -5,000 ESH :
each. Indicate gas used to repressurize the chambar - Nitrogen is preferred. :

S/B-82, ¥/B-B2, O/BX-G2, G/B4A-G2, Q/B4A-B2, G/B4B-G2, G/B5-G2, G/BS-G2

S. Measure & ecord a, ¢, and color of the VUV-gxposed samples aﬂer‘a‘ad\ 5000 ESH
stop.

A. Measure and record the solar absorptance using the Lambda-8 devics.

B. Measure and record the infrared emittanes using the DB-100 device.

C. Measure and record the L, a, b color values using the Paint Lab Colorimeter.

6. Expose the following samplas (previously VUV-exposed) to atomic oxz‘gen (2 years
on orbit equivalent, minimum). Indicate the total AO fluence received by the samples.

§/8-S2, S/B-B2, GIBX*G!, AB4A-02, G/B4A-B2, G/B4B-G2, G/BE-G2, G/BS-G2

7. Measure & record «, e, and oolor of the AO-axposad samplas from the Step 6.
A. Megesura and record the solar absoarptance using the Lambda-9 device.
8. Measure and record tho infrared emittance using the D8-100 device.
C. Measure and record the L, 8, b color vaiues using the Paint Lab Colorimeter.

8. Indlvidually protect each sample - both exposed and unexposed - in a labeled
Fluoroware container and retum with these results.



