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Three of the materials commonly used to insulate spacecraft from solar
radiation are aluminized mylar, aluminized kapton, and silvered teflon.
Damage to or deterioration of these materials would lead to large scale
temperature excursions of the spacecraft, One possible mechanism for
such deterioration would be the occurrence of high humidity prior to launch.
A study was conducted to determine the vulnerability of these materials to
humidity, It was found that aluminized mylar and aluminized kapton remain

unaffected, but that silvered teflon is seriously damage

d in a period of hours.

FORM
00 LYE UNCLASSIFIED

1IFACSIMILE?
SECURITY CLASSIFICATION OF THIS PAGE

e ot =
(Whoen Date Entered)

o 1 Ao 1IF ST AL NI S L BB L




XA R S Tt vy me*m
MR APl s R R R B aufr ity sstaprcays : . I
~ LA et P TS T N g WYy m'b‘"‘m'almﬂimfummm

I. INTRODUCTION

The vulnerability of several flexible thermal control materials to
damage under conditions of high humidity was investigated. Deterioration
of these materials would destroy their ability to protect spacecraft from
excessive heating caused by orbital solar radiation, Exposure to a humid
environment could result from failure of an air conditioning unit at any time
prior to launch,

In this study, samples of 1/4 mil aluminized mylar, { mil zluminized
kapton, and 2 mil silvered teflon, in the form of squares 1/2 to 3 in. on a
side, were exposed to various controlled humidities and 2xamined for
deterioration. The samples were used, as received, without being cleaned
or treated. It was discovered that the aluminized mylar and aluminized
kapton were unaffected by the water vapor; whereas, the silvered teflon was

severely damaged in a few hours.
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I. EFFECT OF SEA WATER VAPOR

An artificial sea water solution was prepared from a standard recipe.
One sample of each material was exposed to the vapor of this solution in a
sealed container at 24°C for three days, During this time, dry nitrogen

was slowly percolated through the solution. The bursting bubbles served

to propel the dissolved salts into the vapor,2 which would otherwise contain
4 only water molecules.
After exposure, each sample was divided in Lalf. One set of samples
t was exposed to a vacuum for two days. The second set remained in a normal
3 environment for 14 days; then it was also exposed to a vacuum for two days.
: The reflectivity of the samples in the wavelength region of 1 to 5 pm was
measured. This wavelength corresponds to the near-infrared region of
the solar spectrum.
Under these conditions, it was found for both sets that the aluminized
_ mylar and aluminized kapton suffered no deteriorition; however, the silvered
teflon was severely damaged. This damage took the form of a gentle separa-

4 tion of the silver film from the teflon. The separation was made manifest by

=
=Py 1/

the appearance and growth of white patches over approximately 50% of the

s

surface area observable from the teflon side. There was no visible effect
on the silvered side. Flexing of the material or a jjentle contact then caused

the silver film to fracture in these areas.
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A subsecuent test was made on the silvered teflon with the sea water
solution replaced by distilled water., The occurrence of darnage of the \
same type and magnitude indicated that the water vapor alone, not the dis-

solved salts, was responsible for det:rcioration.
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III, EFFECT OF HUMIDITY ON SILVERED TEFLON

In order to determine the range of humidity over which silvered teflon
would deteriorate, samples of the material were suspended above aqueous
solutions of LiBr in sealed containers. LiBr in water lowers the vapor
pressure by a known a.mount:3 without contributing to the vapor itself,

Tatble I gives the results of these tests in terms of the percent of the
surfa'.ce area damaged. In experiments 1 and 2, samples were exposed to
humidities of 97%, 92%, 87%, 76%, and 55% at 24°C and observed after
specified time periods. In experiments 3 and 4, several other samvles
were observed aftexr 24 and 48 hours, respectively.

There is considerable variation in the measurable damage for different

samples exposed to identical conditions. However, it can be noted that

severe damage will occur after only a few hours at the higher humidities.
Ninety percent humidity at 24°C appears to be the marginal condition under
which some damage, but not severe damage, can occur.

It is obvious that the amount of water vapor present, at a given
temperature, determines the degree of damage. Table II gives the equivalent
humidities, i.e., same water vapor content, at temperatures other than those
studied. This chart can be used to predict the degree of damage to be

expected under the conditions given. Conditions such as those shown in the

second column will proc_luc_e_gaode_rate to severe damage (>5%). The third
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column presents conditions that produce marginal (0.1 - 5%), whereas the
last presents conditions that yield negligible damage (<0.1%). The validity ,
of this table has been verified by testing samples under conditions of 100%

humidity at 18*C and 55% humidity at 14°C.

Table I. Damage to Silvered Teflon Caused by Exposure to Humidity

Humidity (%)

Experiment Time (hr)
: No. 97 92 87 76 55
-
j 1 0 0 0 0 0
{ 2 0.1 0 0 0 0
3 3.5 | 0 0 0 0
3 ) ﬁ
. 6 2 0 0 0 0
1 24 7 3 0 0 0
L 96 10 3 0 0 0
4 (1.5 0 0 0 0 0
3 2.5 20 0 0 0 0
: 2 <
3 5 20 0 0 0 0
: 48 60 0.5 0.5 0 0
: \.
4 3 24 12 2 5
4 4 48 6 0 0
)
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Table II. Equivalent humidity versus temperature for
occurrence of damage to silvered teflon.

Equivalent Humidity

Tem}()fé?ture Severe Marginal Negligible
Damage Damage Damage
(>5%) (0.1 - 5%) (0. 1%)
18 100-78
21 100 92-66
24 97 92-87 76-55
27 82 78-74 65-47
29 71 67-64 58-40
32 66 57-54 48-34
35 51 49-46 41-29
38 44 42-40 35-25
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THE IVAN A. GETTING LABORATORIES

The Laboratory Operations of The Aerospace Corporation is conducting .
experimental and theoretical investigations necessary for the evalua!io.;a ar’
application of sciintlific advances to new military concepts and systeme, Ver-
satility and flexibility have been developed to a high degree by the laboratory
prrsonnel in dealing with the many problems encountered in the nation's nf;idly
developing space and missile systems. Expertise in the latest scientific devel-
opments is vital to the accomplishment of tasks related to these problems, The
laboratories that contribute to this research are:

Aerophysics Laboratory: Launch and reentry aerodynamics, heat trans-

fer, reentry physics, chemizal kinetics, structural mechanics, flight dynamics,
atmcspheric pollution, and high-power gas lasera.

Chemistry and Physics Laboratory: Atmospheric reactions and atmos-
pheric optics, c'ﬁemtcal reactions in poliuted stmospheres, chemical reactions
of excited species in rocket plumes, chemical thermodynamics, plasma and
laser-induced r=actions, laser chemistry, propulsion chemistry, space vacuum
and radiation effects on materials, lubrication and surface phenomena, photo-
sensitive materials and sensors, high precision laser ranging, and the appli-
cation of physics and chemistry to problems of law enforcament and biomed;cine.

Electrunics Research Laburatory: Electromagnetic theory, devices, and
propagation phenomena, including plasma electromagnetics; quantum electronics,
lasers, and electro-optics; communi~ation sciences, applied elecironics, semi-
conducting, superconducting, and =rystal device physics, optical and acoustical
imaging: atmospheric pollution; millimeter wave and far-infrared technology.

Materials Sciences Laboratory: Development of new materials; metal
matrix composites and new forms of carbon; test and evaluation of graphite
and ceramics in reentry; spacecra’t materials and electronic components in
nuclear weapons environment; application of fracture mechanics to stress cor-
rosion and fatigue-induced fractures in structural metals,

Spcce Scicnces Laboratory: Atmospheric and ionospheric physids, radia-
tion from the atmosphere, density and composition of the atmosphere, aurorie
and airglow: magnetospheric physics, cosmic rays, generation and propagation
of plasma waves in the magnetosphere; solar physics, studies of solar magnetic
fields; space astronomy, x-ray astronomy; the effects of nuclear explosions,
magnetic storms, and solar activiiy on the earth's at phere, i pherc, and
magnetosphere; the effects of vptical, electromagnetic. and particulate radia-
tions in space on space systems.
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