
NASA/TM—2006–214325

Atomic Oxygen Exposure of Polyimide Foam 
for International Space Station Solar Array 
Wing Blanket Box
M.M. Finckenor and K.C. Albyn
Marshall Space Flight Center, Marshall Space Flight Center, Alabama

E.W. Watts
Qualis Corporation, Huntsville, Alabama

February 2006

National Aeronautics and
Space Administration
IS04
George C. Marshall Space Flight Center
Marshall Space Flight Center, Alabama
35812



The NASA STI Program Office…in Profile

Since its founding, NASA has been dedicated to
the advancement of aeronautics and space
science. The NASA Scientific and Technical 
Information (STI) Program Office plays a key
part in helping NASA maintain this important
role.

The NASA STI Program Office is operated by 
Langley Research Center, the lead center for 
NASA’s scientific and technical information. The 
NASA STI Program Office provides access to 
the NASA STI Database, the largest collection of 
aeronautical and space science STI in the world. 
The Program Office is also NASA’s institutional 
mechanism for disseminating the results of its 
research and development activities. These results 
are published by NASA in the NASA STI Report 
Series, which includes the following report types:

• TECHNICAL PUBLICATION. Reports of 
completed research or a major significant 
phase of research that present the results of 
NASA programs and include extensive data 
or theoretical analysis. Includes compilations 
of significant scientific and technical data 
and information deemed to be of continuing 
reference value. NASA’s counterpart of peer-
reviewed formal professional papers but has less 
stringent limitations on manuscript length and 
extent of graphic presentations.

• TECHNICAL MEMORANDUM. Scientific 
and technical findings that are preliminary or of 
specialized interest, e.g., quick release reports, 
working papers, and bibliographies that contain 
minimal annotation. Does not contain extensive 
analysis.

• CONTRACTOR REPORT. Scientific and 
technical findings by NASA-sponsored 
contractors and grantees.

• CONFERENCE PUBLICATION. Collected 
papers from scientific and technical conferences, 
symposia, seminars, or other meetings sponsored 
or cosponsored by NASA.

• SPECIAL PUBLICATION. Scientific, technical, 
or historical information from NASA programs, 
projects, and mission, often concerned with 
subjects having substantial public interest.

• TECHNICAL TRANSLATION. 
 English-language translations of foreign 

scientific and technical material pertinent to 
NASA’s mission.

Specialized services that complement the STI 
Program Office’s diverse offerings include creating 
custom thesauri, building customized databases, 
organizing and publishing research results…even 
providing videos.

For more information about the NASA STI Program 
Office, see the following:

• Access the NASA STI Program Home Page at 
http://www.sti.nasa.gov

• E-mail your question via the Internet to 
help@sti.nasa.gov

• Fax your question to the NASA Access Help 
Desk at 301–621–0134

• Telephone the NASA Access Help Desk at   
301–621–0390

• Write to:
 NASA Access Help Desk
 NASA Center for AeroSpace Information
 7121 Standard Drive
 Hanover, MD  21076–1320
 301–621–0390



�

NASA/TM—2006–214325

Atomic Oxygen Exposure of Polyimide Foam 
for International Space Station Solar Array 
Wing Blanket Box
M.M. Finckenor and K.C. Albyn
Marshall Space Flight Center, Marshall Space Flight Center, Alabama

E.W. Watts
Qualis Corporation, Huntsville, Alabama

February 2006

Nat�onal Aeronaut�cs and
Space Adm�n�strat�on

Marshall Space Fl�ght Center • MSFC, Alabama  35812



��

Acknowledgments

The authors gratefully acknowledge D�on Jones for scann�ng electron m�croscope photography.

TRADEMARKS

Trade names and trademarks are used in this report for identification only. This usage does not constitute an official  
endorsement, e�ther expressed or �mpl�ed, by the Nat�onal Aeronaut�cs and Space Adm�n�strat�on. 

Ava�lable from:

NASA Center for AeroSpace Informat�on Nat�onal Techn�cal Informat�on Serv�ce
7121 Standard Dr�ve 5285 Port Royal Road
Hanover, MD 21076–1320 Springfield, VA 22161
301–621–0390 703–487–4650



���

TABLE OF CONTENTS

1. INTRODUCTION  .........................................................................................................................  1

2. TEST SETUP  .................................................................................................................................  3

3. TEST RESULTS  ............................................................................................................................  4

 3.1 Mass Loss  ...............................................................................................................................  4
 3.2 Th�ckness Loss  .......................................................................................................................  4
 3.3 Part�culate Fallout  ...................................................................................................................  5
 3.4 Scann�ng Electron M�croscope Analys�s .................................................................................  5
 3.5 Compress�on Test  ...................................................................................................................  7

4. CONCLUSIONS ............................................................................................................................  9



�v

LIST OF FIGURES

1. Degradat�on of alum�n�zed Kapton cover of solar array w�ng blanket box, 
 expos�ng foam to space env�ronment  ....................................................................................  1

2. Mass loss of solar array wing foam as a function of AO fluence  .........................................  4

3. Poly�m�de foam samples:  (a) control and (b) AO exposed  ..................................................  5

4. M�n�mum, average, and max�mum part�cle s�ze w�th total number of part�cles 
 captured at each test �nterval  .................................................................................................  6

5. SEM photograph of control sample of foam  .........................................................................  6

6. SEM photograph of AO-exposed foam  .................................................................................  7



v

LIST OF ACRONYMS AND SYMBOLS

AO atom�c oxygen

AOBF Atom�c Oxygen Beam Fac�l�ty

ISS International Space Station

MSFC Marshall Space Fl�ght Center

SEM scann�ng electron m�croscope

UV ultraviolet



v�



1

TECHNICAL MEMORANDUM

ATOMIC OXYGEN EXPOSURE OF POLYIMIDE FOAM FOR INTERNATIONAL 
SPACE STATION SOLAR ARRAY WING BLANKET BOX

1.  INTRODUCTION

Solar arrays were del�vered to the International Space Station (ISS) and deployed dur�ng  
Flight 4A in November 2000. Photographs taken during Shuttle rendezvous and flyarounds have shown 
severe degradat�on of the alum�n�zed DuPont® Kapton® film cover of the solar array wing blanket box 
(fig. 1). This was first observed with Flight 5A in February 2001 and confirmed during subsequent flights 
as c�ted �n “Solar Array W�ng Box Foam Pad Degradat�on,” a memo by Carlos Soares of The Boe�ng 
Company, dated December 16, 2002. The solar array w�ng blanket box has a poly�m�de foam pad that  
�s now exposed to the space env�ronment and �s be�ng eroded by atom�c oxygen (AO).

F�gure 1.  Degradat�on of alum�n�zed Kapton cover of solar 
 array w�ng blanket box, exposing foam to space
 environment (photo courtesy of Johnson Space Center).
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The pr�mary purpose of the foam pad �n the solar array w�ng blanket box was to protect 
the solar cells from v�brat�on damage dur�ng launch. Eros�on of the poly�m�de foam ra�sed concerns 
about part�culate generat�on. Accord�ng to SSP 30426, Space Stat�on External Contam�nat�on Control 
Requirements, section 3.4.2, the external contamination control requirements for ISS l�m�t the release 
of part�culates to one part�cle 100 μm or larger per orb�t per 1×10–5 steradian field of view, as seen 
by a 1-m-d�ameter aperture telescope.

Another concern was the structural �ntegr�ty of the foam. The solar array w�ng on the P6 truss 
�s to be retracted dur�ng Fl�ght 12A.1. Dur�ng Fl�ght 13A, �t w�ll be moved from the Z1 truss to the end 
of the P5 truss and redeployed. If the foam cracks or �s crushed dur�ng retract�on, add�t�onal part�culate 
could be generated, �nclud�ng large p�eces of debr�s. 

The purpose of th�s test was to determ�ne the magn�tude of part�culate generat�on caused by low-
Earth orb�tal env�ronment exposure of the foam and also by compress�on of the foam dur�ng s�mulated 
solar array wing retraction. The total fluence for this test was 5.8×1021 atoms/cm2, approx�mately 
equivalent to 22 mo onorbit. This was the estimated time between Flights 5A and 12A, prior to the hold 
on Shuttle flights in February 2003. 
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2.  TEST SETUP

Marshall Space Fl�ght Center (MSFC) rece�ved a large sample of poly�m�de foam mater�al 
�dent�cal to that used �n the ISS solar array w�ng blanket box foam pad assembly. The foam prov�ded 
was 0.5 �n (1.27 cm) th�ck. A test art�cle 1.5 �n (3.8 cm) w�de by 4 �n (10.2 cm) long was cut out, 
photographed, and we�ghed. Because poly�m�de �s known to be hygroscop�c, the sample was placed 
in a vacuum chamber and pumped down to 50 mtorr. The sample was then quickly removed from the 
vacuum chamber and placed on a Mettler AT260 balance, and the t�me was noted. Mass of the sample 
was recorded over 5 min, and the zero time mass was calculated using linear regression. This technique 
el�m�nates we�ght uncerta�nty due to chang�ng hum�d�ty. 

The foam sample was then exposed to 5.8×1021 atoms/cm2 AO of 5-eV energy in MSFC’s 
Atom�c Oxygen Beam Fac�l�ty (AOBF), w�th the AO path normal to the foam surface. Exposure was 
�nterrupted at 1.5×1021, 3.3×1021, and 5×1021 atoms/cm2 to change out the str�p of Kapton used to 
monitor the AO fluence. (Beam current is monitored throughout the test to determine fluence, checked 
by a Kapton sample’s mass loss and known AO reactivity.) At each interruption, the sample was photo-
graphed and we�ghed, and a catch plate �n the bottom of the chamber was mon�tored for part�culate 
fallout. M�croscop�c �nspect�on of the part�culate led to the placement of a second Kapton w�tness 
sample �n the bottom of the chamber. Mass loss of th�s Kapton sample �nd�cates that scattered AO 
was also erod�ng any foam part�cle fallout.

During production of the AO plasma, ultraviolet (UV) radiation is produced in the AOBF, 
primarily at 130 nm, the AO resonant peak in the vacuum UV region. The foam sample was exposed    
to ≈9,260 equivalent Sun hours of vacuum UV radiation during this test.

Follow�ng AO exposure, the foam sample was photographed us�ng a scann�ng electron 
m�croscope (SEM). SEM photographs were also taken of a control sample of foam.

Follow�ng SEM photography, a 1- by 1.5-�n (2.54- by 3.8-cm) sect�on was cut off for 
determining the AO erosion profile. The remainder of the foam sample was compressed with a load      
of 2.5 ps�. Part�culate generat�on due to compress�on was negl�g�ble. 



4

3.  TEST RESULTS

3.1  Mass Loss

Figure 2 shows the mass of the foam sample versus AO fluence. The exposure of 5.8×1021 
atoms/cm2 eroded about one-th�rd of the sample. It was calculated that 1.7×1022 atoms/cm2 would       
be needed to entirely erode away the sample, using the following curve fit:

 Sample mass = 1.751 – (1.03×10–22 × fluence) , (1)

where sample mass is measured in grams, and fluence is measured in atoms/cm2.
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Figure 2.  Mass loss of solar array wing foam as a function of AO fluence.

3.2  Thickness Loss

The or�g�nal th�ckness of the foam sample was 0.5 �n (1.27 cm). After AO exposure, �t was     
0.32 �n (0.81 cm) th�ck �n the center. The th�ckness loss �s not un�form across the sample because the 
AOBF beam �s not un�form. The 1- by 1.5-�n sect�on of foam was exam�ned under a m�croscope, wh�ch 
showed that AO eros�on �s l�m�ted to the surface. F�gure 3 �s a compar�son of the exposed foam sample 
to the control foam, show�ng the th�ckness loss and change �n appearance.
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F�gure 3.  Poly�m�de foam samples:  (a) control and (b) AO exposed.

3.3  Particulate Fallout

A catch plate �n the bottom of the AOBF was used to mon�tor part�culate fallout. These part�cles 
were exam�ned under a m�croscope us�ng × 120 magnification to separate foam material from particles 
generated by the AOBF �tself (neutral�zer plate, etc.). M�croscopy also showed that scattered AO 
was erod�ng part�cles on the catch plate. A Kapton sample placed on the catch plate �nd�cated eros�on 
equivalent to 1 percent of the total fluence. After the first particulate analysis was complete, it was 
dec�ded to try a second collect�on of part�cles by tapp�ng the foam sample over a collector plate.        
Th�s generated a few more part�cles for analys�s but not very many. F�gure 4 shows the total number     
of part�cles counted at each �nterval of the test, the m�n�mum and max�mum s�ze part�cle observed,     
and the average part�cle s�ze dur�ng AO exposure.

3.4  Scanning Electron Microscope Analysis

After the AO exposure was complete, SEM photography was performed. F�gure 5 shows a 
control sample; figure 6 is the exposed foam. In general, the control sample had closed bubbles of foam, 
wh�le bubbles were hard to d�scern �n the AO-exposed foam. The surface of the AO-exposed foam could 
be descr�bed as w�spy or fuzzy.
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F�gure 4.  M�n�mum, average, and max�mum part�cle s�ze w�th 
 total number of part�cles captured at each test �nterval.

F�gure 5.  SEM photograph of control sample of foam.
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F�gure 6.  SEM photograph of AO-exposed foam.

3.5  Compression Test

The sample was placed �n a plast�c bag to reta�n any part�cles and held between two 6- by 
6-in (15.2- by 15.2-cm) aluminum plates. The requested compression load was 2.5 psi, which was   
11.25 lb for the foam sample after sect�on�ng. The we�ght of the top alum�num plate was �ncluded �n 
the load calculat�on. The compress�on load was appl�ed at a rate of 15 lb/m�n, held for 1 m�n, and then 
released. The travel d�stance of the load head for th�s test was 0.14 �n (0.36 cm) for the AO-exposed 
sample and 0.09 �n (0.23 cm) for a control sample. The d�fference �n travel d�stance �s due to the eroded 
face of the sample and the he�ght d�fference across the length. Due to the var�ed th�ckness of the foam 
sample, compress�on of the AO-exposed foam at the edges would be greater than the same area of the 
control sample. No significant particulate was noted for either sample after the test.
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4.  CONCLUSIONS

The poly�m�de foam used �n the ISS solar array w�ng blanket box assembly �s suscept�ble to 
significant AO erosion. The foam sample in this test lost one-third of its mass after exposure to the 
equivalent of 22 mo onorbit. Some particulate was generated by exposure to simulated orbital conditions 
and the s�mulated solar array retract�on (compress�on test). However, onorb�t, these part�cles would 
also be eroded by AO. The captured part�cles were generally <1 mm, and the part�cles shaken free of 
the sample had a max�mum s�ze of 4 mm. SEM �magery d�d not reveal anyth�ng unexpected. The foam 
sample ma�nta�ned �ntegr�ty after a compress�on load of 2.5 ps�.

There was some concern over accuracy of the data w�th only one foam sample, even though there 
was a ser�es of exposures where the mass loss followed a pred�ctable trend. A survey of earl�er AO tests 
of poly�m�de foam �n the MSFC AOBF revealed W�llm�d CP50 from Illbruck and Claremont Low K 
200. The W�llm�d lost 2.63 mg/cm2 per 1 × 1021 atoms/cm2 of AO, and the Claremont lost 2.79 mg/cm2 
per 1 × 1021 atoms/cm2 of AO. By compar�son, th�s sample averaged 2.62 mg/cm2 lost per 1 × 1021 atoms/
cm2 of AO. A later exposure of the same solar array w�ng foam from a d�fferent batch averaged a mass 
loss of 2.66 mg/cm2 per 1 × 1021 atoms/cm2. (M�n�mal part�culate fallout was observed.) Th�s normal�zed 
mass loss gives us increased confidence in our simulation of AO erosion.
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