
948 LPSC XVI I1  

DEVELOPMENT OF SPACE-BASED CONTAINERLESS COATING PROCESSES 

2 smith1, J. M. Rigsbee , and V. F. 

1) U.S. Army Construction Engineering Research Laboratory (USA-CERL), 
Champaign, IL 61 820-1 305 

2) Dept of Materials Sciences, University of Illinois, Urbana, IL 
61 801 

Large space structures in low earth orbit (LEO) must withstand the 
deleterious effects of the hostile space environment. Degradation of 
materials through interaction with atomic oxygen at velocities up to 8 
km/sec is a major concern, as is degradation of polymeric materials by 
ultraviolet radiation ( 1 ,  2). During the 30 year lifecime of a 
structure, its components would be subjected to micro-cracking and the 
concomitant changes in dimensional stability due to intense thermal 
cycling through a temperature range of -250 OF to + 250 OF. Also, 
critical electronic devices housed by these structures must be protected 
from electromagnetic interference (EMI) .  Protective coatings to be 
applied in space using containerless coating technology would 
significantly reduce or eliminate component degradation due to exposure 
to therma:/electromagnetic radiation and/or atomic oxygen. Such a 
coating process would be integrated with structural requirements to 
provide stress-free surface coatings to promote control of thermal and 
optical reflection/adsorption, mechanical vibrations, and prevention of 
electromagnetic radiation damage of substrate materials. These 
containerless coating processes are also expected to provide a solution 
to the problem of repairing accumulated environmental degradation damage 
to previously ejected/deployed space structures, as returning the 
structural components to earth for refurbishment may be impossible or at 
least time consuming and very costly. 

In order to coat large structural members effectively, it is 
desirable to perform the coating process in a very low pressure, 
contaminant-free atmosphere (i.e., the best vacuum possible). 
Scientists at Marshall Space Flight Center have calculated that 
pressures ( 1 0-l2 torr could be achieved in LEO with the use of a "wake 
shieldv attached to an orbiting space vehicle (such as the shuttle or a 
free-flyer). The wake shield provides a much cleaner environment than 
can be achieved using any known ground-based facility ( 3 ) .  

A "proof-of-concept" experiment is being planned for flight on the 
space shuttle in the early 1990's. This experiment will consist of an 
evaporant/sputtering source, and an ion beam source, both of which will 
be utilized to produce a surface coating onto a selected substrate. 
Thus, it will be possible to deposit a coating (or thin film) by 
employing a combination of techniques: physical vapor deposition, 
directed ion beam sputtering, and ion beam mixing. The experiment will 
require the highest possible vacuum levels and therefore, must be 
performed in the wake regions of a 3-5 meter diameLer "wake shield" 
which would be attached to the orbiter via tether or remote manipulator 
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arm. It is anticipated that NASA will make the wake shield facility 
available by the proposed flight date. Aluminum is being considered as 
a prime candidate for coating deposition because: (1) it is easy to 
evaporate, (2 )  it is highly reflective, (3) it is electrically 
conductive, (4) it has a high specific modulus, and appears to be 
resistant to degradation by atomic oxygen. Furthermore, such metals can 
be combined with polymeric materials to produce composite material 
structures that have desirable thermal characteristics, such as a near- 
zero coefficient of thermal expansion. Consideration will also be given 
to more complex coating systems such as titanium nitride, which would be 
expected to have some of these same desirable properties. Candidate 
substrates for this experiment are optically flat quartz with and 
without predeposited polymeric films. Also, some polymeric materials 
are being considered as substrate candidates. Electronic sensors (e.g. 
ammeters, voltmeters, mass spectrometer, deposition rate monitors) will 
be used to monitor various aspects of this experiment. Attempts will be 
made to design the experiment equipment package so that it could 
conceivably occupy a volume the size of the Get-Away-Special (GAS) 
canister, with power requirements in accordance with those available in 
the llHitchhiker" system. It is estimated that 30-60 min will be 
required for performing this experiment. The non-deployed experiment 
package will be returned to the ground for analysis. 

After completion of the proof-of-concept containerless coating 
experiment(s) on the shuttle (or free flyer) the space-produced coatings 
will be analyzed with respect to chemical/microstructural properties 
(e.g., composition, crystallography, growth defects, and chemical 
bonding information) and physical properties (reflectivity, electrical 
conductivity, adhesion, tribology) and compared with ground-based 
coatlngs produced by similar coating techniques. These results will be 
correlated and a report of the findings will be published and made 
available to the agencies involved and to the scientific community. 
Development of concepts and hardware for scaling up the Containerless 
Coating Process for large space structure applications will commence 
based on the results of the proof-of-concept experiment. 
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