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ABSTRACT 

, 1 
An .!E, situ reflectometer system was designed, fabricated and installed 
in an existing Avco space simulation facility. After installation of the 
in i~itu system, qualification tests were conducted on the system. Tests 
were conducted on twelve materials including combined environment of 
vacuum, protons and ultraviolet, protons and vacuum only, ultraviolet and 
vacuum only and vacuum only. ~'kf.,z}O.,)/K2Si03 was found to be more 
susceptible to protons and less to ultraviolet raijiation and the LaZ0 3 /KZSi03 
more susceptible to ultraviolet radiation with very little damage oy protons. 
Of the powdered samples tested only the TiOZ showed measurable darn.age 
with protons only irradiation. 
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1. INTRODUCTION 

Reliable spacecraft thermal design requires a knowledge of solar 
absorptance of all spacecraft surfaces exposed to outer space and 
the stability of the thermal properties of these surfaces in the 
total space .environment. Furthermore, this information must be 
obtained under conditions as near to outer space as possible, i. e., 
simulation and measurement without return to the atmospheric 
conditions. 

This is borne out by the fact that during the course of work of 
many investigators (1-7) effects were noticed which were modifying 
data upon exposure of the samples to atmos pheric environments. 

A rapid bleaching of damage was taking place in some materials 
when exposed to atmosphere. This bleaching was masking the 
true results of the test and was leading to erroneous conclusions. 
In order to properly investigate the effects of s pace environment, 

~certain improvements had to be made in the equipment. It became 
;~apparent that an in situ capability for making reflectance 
"'~rneasurements was ~es sary. 

The,primary aim of NASA Contract NAS2-3646 was to fabricate 
equipment and perform the investigation of space degradation on 
selected thermal control coatings in situ. The parameters which 
could be simultaneously simulated were solar electromagnetic 
radiation, charged particles, ultrahigh vacuum and equilibrium 
temperature. Of these, the parameters chosen as variables were 
the electr omagnetic radiation, proton energy and proton flux. 

The first half of the contract was spent in the design and fabrication 
of in situ equipment and the last half in the performance of the 
tests to qualify the equipment and test coating materials as prescribed 
by NASA;;f: 

(, 

The system as fabricated under this contract was adapted to an 
existing chamber at Avco/Tulsa and is described under Section Ill, 
T est Equipment. It provides for multi- sample irradiation and 
selective transfer to the integrating sphere for reflectance 
measurements. In addition, during the time of fabrication of 
the in situ equipment, tests were conducted of ~-in situ type on 
materials which were considered more stable. The results of 
these tests are reported in the pages following the results of the 
in situ.,£te.sts. 
_~I,. 
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II. PROGRAM SCOPE 

The program c'onsisted of two phases: (1) Design,fabrication 
and qualification of test equipment, and (2) in situ testing of 
designated materials. These'· phas·es are de;;;-ribed in the 
following paragraphs. 

A. Phase I - Design, Fabrication and Qualification 

The scope of this portion of the program was the design 
of a mechanism which would adapt to an existing vacuum 
chamber and transfer four 15/16 -inch diameter selective 
samples from the irradiation position to the reflective· 
measurement position. The sample was to operate oV:er ·a 
temperature range of --100oF to 3000 F position and the 
samples easily removable for transfer. In addition, various 
accessory items were required in order to adapt the 
existing beam line and.monochromator to the in situ chamber 
system. 

The integrating s pher e was to be mounted on the end of the 
vacuum chamber coated inside with magnesium oxide and 
having vacuum sealed windows for light input and detectors. 
This position was selected for the sphere because it was 
felt that (1) it would be mc:>re difficult to feed the light from 
the monochromator and optical switch into the sphere, 
(2) the det ectors require special consideration to prevent 
outgassing problems, and (3) no vacuum tight electrical 
feedthroughs through the chamber were necessary if the 
sphere is on the outside. 

The qualification was to consist of comparison measurements 
against a Gier-Dunkle integrating sphere over a wavelength 
range of 0.30 to 2.5 microns for both diffuse and specular 
samples. The diffuse samples were specified as ZnO(K2Si03 
and the specular samples as SiO on vapor deposited 
aluminum. Five sets of measur~ments were required on each 
sample and the mean spectral deviation determined to 
demonstrate t~e re producibility of the equipment. 

-2-



B. Phase II - Test Program 

1. Sample Materials 

The materials which were selected for in situ test 
were ZnO/K2Si03 , (two batches F-1-47 -D and 
1-11-9-13), La203/K2Si03 (two batches F-1-53A and 
F-1-38), S-13G, ZnO/Silicone, TiO /Silicone and 
powdered samples of MgO, TiO

Z
' s162 , A120 3 and 

La2 0 3 . Non::iE~ radiations were conducted on SP500 
ZnO powder and vacuum deposited silver on fused 
silica. Test specimens are described in Table 1. 

2. Description of Irradiation Tests 

In the majority of the in ~ irradiation tests, one 
sample was to be subjected to an environment 
including vacuum and near ultraviolet. A second 
sample was to be subjected to a combined environment 
including proton irradiation, ultraviolet and vacuum 
ultraviolet. A third sample was to be subjected to 
protons radiation only and the fourth sample was to 
be used as a control sample and incurred only vacuum. 
The following parameters were to be used in the tests: 

a. Near Ultraviolet Radiation 

Ultraviolet radiation on the 2000-4000 angstrom 
range provided by a 5 KW xenon lamp installed 
in the solar simulator for the first three tests 
and a 5 KW mercury xenon lamp for all ~ -
in situ tests and the remainder of the in situ tests. --- ----
It was determined during the program that the 
xenon lamp would provide various irradiance 
values from 5.5 solar constants to 7.5 solar 
constants. The Hg Xe lamp was to operate at a 
rate of lO solar constants. Total ultraviolet 
exposure was to be 750 sun hours with both lamps. 

b. Vacuum Ultraviolet Radiation 

Radiation in the 1050 to 2000 angstroms range 
was to be supplied by a hydrogen discharge lamp 
at 10 solar equivalents of Lyman-alpha for 
75 hours per test. 

-3 -
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SPECIMEN 

ALZ0 3 

LaZ03 

MgO 

SiOZ 

TiOZ 

ZnO 

S-13G 

SOURCE PURITY % 

Linde Division 99.98 
Union Carbide Company 

Raxe Earth Division 99. 99 
American Potash and 
Chemical Corporation 

Vitro Labs 99.41 

PARTICLE 
SIZE 

0.05fJ. 

3.5!J. 

0. OZ5 1_L 

Thermal American 
Fused Quartz Co. 

99.7 <V 40'f-l 

E. I. DuPont 
DeNemours and 
Company (Inc. ) 

New Jersey Zinc Co. 

88 TiOZ 
30/0 Max. 
8% Max. 

99.9 

0.2ZI1. 
ALZ0 3 
Si02 

0.25 - O. 35,f-l 

This was a typical S-13G sample 
composition supplied by Jet Propulsion 
Laboratory. 

TABLE I - TEST SPECIMENS 

DESCRIPTION 

COMMENTS 

Metallurgical Grade Pressed 
into recessed AL holder 1/16" deep, 
with black coating, at ZOOO psi, 
covered with quartz disk until 
exposed 

Code 5Z9, hygroscopic, could 
be partially La(OH)3 at surface 

Sub micron size, Plasma arc 
product 

"Spectrosil" Grade or Better 

Ti Pure R -960 slightly hygroscopic 
This TiOZ has a SiOZ coating which 
increases particle size < O. If-l 

SP-500, Super purity 

~ 
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SPECIMEN 

1-11-9-13 

SOURCE 

S. P. - 500 ZNO 
New Jersey Zinc Co. 
P. S. - 7 (K

Z
Si03> 

Sylvania Electronics 
(35% Solids) 

F-I-47D S. P. - 500 ZNO 
Binder P.S.-7 P.S. - 7 (KZSi0

3
) 

Same as above 

F-1-55 S. P. 500 ZNO 
R. T. V. - 602 
General Electric 
Silicone 
N -Butanol (Reagent Gr) 
Mallinckrodt Chemical 

F-I-38 LAZ03 Code 529 
Binder P. S. -7 Rare Earth Division 

American Potach &: Chemical 
Corporation 

F-I-53A LAZ03 Code 5Z9 
Binder P. S. - 7 

F-1-56 TiOZ R-960 Ti Pure 
E. 1. DuPont DeN emour s 
and Company (Inc.) 
R • T. V. - 602 G. E. 
N-Butanol (R. G.) 

COMMENTS 

P. B.R. ::: 2. 15 Ball Milled Z Hours 
o 

Sprayed 'V 6 coats oven cured 150 C 
for 1 hour. Thickness ;""'6 mil. 
Paasche type AUTF Air Brush used to apply all coatings. 

P. B. R. ::: 5. Z Ball Milled 4 hours 
Sprayed 6 coats "" 4 mil - Oven cured 1500 C 
ZNO calcined 12000 F 16 hours cured v.ac. 

o oven 29" HG &: 150 C 1 hour 

P. B. R. ::: Z. 4 Ball Milled 2 hours 
Sprayed 6 coats - Oven cured 1500 C 1 hour 
"" 6.5 Mil thickness - P. V. C. :: 30% 
Undercoat SS4044 (General Electric) 
Silicone Primer - Sprayed "" 5 mil 

P. B.R. :: 5 LAZ03 Calcined ZOOOoF - 16 hours 
Ball Milled 4 hours - Sprayed 6 coats 
Cured at Ambient ..... 6 mil 
LA

2
0 3 converted to LA(OH}3 during ball milling 

P. B. R. :: 1. 75 LA2 ° Silicate treated 
(Encapsulated in K ZSib

3
) - Oven dry 1500 C 1 hour 

Ball Milled 2 hours - Sprayed 8 coats "" 4 mil thickness 

P.B. R. ::: 2. 5 Ball Milled 3 hours 
Oven cured 3000 F - 1 hour P. V. C. :: 34.7% 
Sprayed 9 coats ..... 8 mil thickness 
Undercoat SS4044 (General Electric) 
Silicone Primer - Sprayed "" 5 mil 

TABLE I - TEST SPECIMENS 
DESCRIPTION 



c. Pro.to.ns 

AU o.f the tests were to. be co.nducted with 
10 Kev pro.to.ns. To.tal pro.to.n fluxes were to. vary 
fro.m 2 x 10,15 pi cm2 to. 1 x 1016 pi cmZ . 

i 
In so.me tests preto.n irradiatiens were to. be 
carried eutat a co.ntinuQus lew flux rate for 
75 heurs, and in ether tests, "accelerated It, 

a higher flux rate was to. be used at the beginning 
ef the test. 

d. Sample Temperature 

Sample temperatures were to. be maintained near 
298e K fer the varieus tests. 

e. Chamber Pressure 

No. test was to. be initiated until pressure in the 
test chamber was 10- 7 terr er less. 

3. Deter minatien ef a. sand A.a. s 

Spectral reflectance measurements were to. be made en 
the samples befo.re and after each irradiatien in the nen~ 
in situ tests and befere, during, and after irradiatien 
in the in situ testing. Spectral reflectance curves were 
to. be pletted frem these data. 

Selar abserptance values were to. be ebtained by 
averaging repr esentative values ef spectral reflE:ctance 
ebtained frem the curves fer each two. percent extra
terrestial selar energy increment in the measured 
wavelength range and substracting these average values 
frem unity. The selar abso.rptance values presented 
will net be to.tal values -relating to. the entire spectrum, 
since this weuld require measured spectral refle,ctance 
values to. 3.9 micrens which is beyend the measu~ed 
range ef the detecters used. The values given will be 
related to. the measured wavelength range. 

-6 -



III. TEST EQUIPMENT 

Avco l S s pace simulation facility is shown schematically in Figur e 1. 
It consists of an ultra-high vacuum chamber with the newly designed 
in situ reflectometer system, solar simulator .. transition section 
and Van de Graa£f accelerator. The various components of the 
system, beginning with the new items designed under this contract .. 
are described in the following paragraphs. 

A. In Situ Reflectometer System 

The system was designed to selectively transfer anyone of 
four samples in the sample holder (irradiation position) 
to the integrating sphere or vice versa. This may be 
accomplished at pressures-of 1 x 10-7 torr or less. It was 
designed to fit an existing Avco ultra-high vacuum chamber. 
Dimensional information for the various components is given 
in the appendix. 

1. Transfer Arm Assembly 

The transfer arm, shown in Figure 2, (Item 19, 
Fi~ure 1), is mounted on a large flange at the side of 
the chamber and a bellows provides the necessary 
vacuum seal. The transfer arm is pivoted for movement 
in two directions and stops are provided to prevent 
over travel. The arm is coupled to a slider bar to 
which is attached IIU!! shaped fingers. These fingers 
will fit around a protrusion on the conical plugs on 
which the sample is fastened. The slider bar slides 
in a pivoted retainer mounted on arms also pivoted 
at the gimball mount on the flange. When the slider 
bar is caused to slide back against a spring stop, 
further movement of the transfer arm causes the arm 
to swing in an arc and thus turn the sample 180

0
• This 

movement of the transfer arm in an arc of approximately 
600 will cause the sample to be removed from the 
sample holder and plugged in to the integrating sphere 
or vice versa. 

2. Sample Holder Assembly 

The sample holder assembly which was designed and 
fabricated for this study is shown in Figur e 3 (Item 18, 
Figure 1). It is a large copper block which has four 

-7-
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Fig 2 - Transfer Arrn 

Fig 4 - Integrating Sphere
Vacuum View 
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Fig 3 - Sample Rack, Mounted 
In Chamber 

Fig 5 - Integrating Sphere - Atmosphere 
View 



conical shaped holes-arranged in a slight vertical 
arc because of the motion of the transfer arm. The 
samples can be clamped to conical plugs which fit 
in the holder. Three samples face the sources of 
radiation and one, mounted in the bottom of the 
holder, is shielded from these sources. Coolant 
fluids can be circulated through the sample holder 
via stainies s steel tubing running through an insulated 
feedthrough which isolates the holder from ground. 
A cartridge heater- is installed in the holder for 
maintaining higher- temperatures. A thermocouple 
is s pring loaded against the back of the sam.ple which is 
irradiated by both particulate and electrom.agnetic 
radiation. 

The samples tested are nominally 15/16-inch in diameter. 
The sample area which is exposed to radiation is 
13 / 16 -inch in diameter. since the samples are clam.ped 
at the edge. Two plates are. mounted on insulating 
standoffs from the face- of the sample holder. The 
plate farthest from the holder faces serves to collimate 
the particle beam and thus define the area of sample 
and sample holder which is irradiated. Two 15/16 -inch 
diameter holes in this plate are centered over the 
samples. The charged partiCle beam as it is incident on 
this plate is rectangular, approximately 1-1/8-inches 
long x 3/16-inchwide. - The beamis rastered across the 
appropriate collim.ating hole in the plates by the sawtooth 
voltage applied to' the deflection plates. The collim.ating 
plate is connected to an insulated feedthrough in the 
four-inch vacuum-flange and may be grounded or biased 
as necessary. The purpose of the intermediate plate 
is to serve as a secondary electron suppressor. The 
charged particle beam-passes through a short section of 
tubing in this plate. The plate (and tubing) is biased 
negatively with res pect to the sample holder and 
collimating plate to force secondary electrons arising 
from particle bombardment back to their res pective 
sources. Target current is read directly by connecting 
a meter to the insulated feedthr01.~.gh ~hich supports the 
sample holder. When samples which are good insulators, 
such as the paints, are being irradiated, a grid c~msisting 
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of five parallel stran~s of one mil stainless wire is 
mounted in contact with the sample surface. This 
grid masks less than one percent of the sample area 
and serves to prevertt the sample surface from 
becoming electrically charged with consequent tlchasing ll 

of the particle beam and inaccurate beam current readings. 

3. Integrating Sphere 

The integrating sphere-is shown in figures 4 and 5 (Item 20, 
Figure 1). It was fabricated from two stainless steel 
hemis pheres to which were welded mounting flanges to 
mount on the--chamber. It has three ports, one for the 
sample, one for the detector and one for the light from 
the Perkin-Elmer Model 112U spectrophotometer. It is 
coated inside with magnesium oxide and a baffle is 
mounted inside the sphere to prevent the light from the 
sample from seeing the detector directly. 

B. Vacuum Chamber 

The Avco ultra-high vacuum chamber is shown schematically 
in Figure 6 (Item 17, Figure 1). It has a normal working 
volume of 2411 x 2411 in the form of a right circular cylind er. 
This chamber has a ratio of total volume to useful volume of 
approximately 90%. The chamber was fabricated and welded 
with low carbon stainless steel. Ports entering into the vacuum 
chamber itself are metal gasketed and are 10. 75 11 in diameter 
for access purposes or L 5" in diameter for instrumentation. 
In addition, a four -inch port is provided for electrical feed
throughs. The chamber is pumped with 900 lite,rs I sec of 
cold cathode ion getter pumping system. The system is 
comprised of a high voltage source, a magnet assembly, and 
two active pumping element assemblies. The magnetic field 
in the region of the pump cells is approximately two kilogauss 
provided by the magnet assembly. The chamber is a double 
wall chamber and the annulus between the cylinders, except in 
regions taken up by feedthroughs and flanges, serves as a 
passage for liquid nitrogen or other coolants to provide cold 
surrounds and some cryogenic pumping if desired. 

C. Van de Graaff Accelerator 

The accelerator (Item 3, Figure 1) is capable of accelerating 
positive ions or electrons in the energy range from about 
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10 Kev to 500 Kev. The Van de Graaff voltage generator is 
used from about 500 Kev down to 100 Kev, below which point 
the voltage stability becomes poor. Energies below 100 Kev 
are provided by disabling the Van de Graaff voltage generator 
in the accelerator and connecting an auxiliary 0 - 100 kilovolts 
power supply across the acceleration tube. Positive ions are 
generated by an R. F. ion source. The accelerator is pumped 
by a four-inch oil diffusion pump'containing Dow Corning 705 
diffusion pump oil. A Freon cooled baffle prevents migration 
of oil into the system. Basic pressure in the accelerator is 
about 10-6 torr as measured by a Phillips ionization !auge 
and pressure during operation is in the 0.6 ~ 1 x 10- torr 
range. 

The accelerator is equipped with an analyzing magnet to 
provide mass analysis of the ion beams. The analyzed beam 
which is used is bent at an angie of 45 0 to the accelerator axis. 

Transition Section and Beam. Scanner 

After leaving the analyzing magnet, (Item 7, Figure 1), the 
beam. passes through a glass cross (Item 9, Figure 2). Within 
the cros.s a monitor, consisting. of a Vycor disc covered with 
a stainless steel screen, can be positioned to intercept the 
beam. This provides a beam current readout at that point and 
also a visual observation, since the glass fluoresces. when the 
ions or electrons impinge upon it. 

The accelerator and chamber ar e separated by a differentially 
pumped section to isolate the ultra-.high vacuum region of the 
chamber from the moderately high vacuum region of the 
accelerator. The differentially pumped section is terminated 
at either end by rectangular s lit orifices which help to limit 
gas conductance, and also serve to collimate the charged 
particle beam prior to entrance into the beam scanner. 
Pressure in the differential section is normally about 1. 5 
orders of magnitude lower than that in the accelerator. 
Pressures in the chamber are normally in the 10- 8 to 10- 10 , 
torr range during operation. 

The beam scanner consists of a pair of electrostatic d·eflection 
plates. The collimated beam passes between these plates and 
is moved to sample center by application of a d. c. bias and 
then "rastered ,t acros~ the required area by means of a low 
frequency sawtooth voltage applied to the plates. 
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E. Solar Simulator 

The solar simulator utilizes a 5 kilowatt short-arc lamp, 
either xenon or xenon-mercury to simulate the solar spectrum. 
The light from the simulator is beamed through a quartz window 
in the port (Item 14, Figure 1), and reflected from an aluminized 
front face mirror onto the samples. The lens system in the 
simulator provides for focusing the light such that with the end 
of the simulator barrel about one-fourth inch from the quartz 
window flange, a uniform three-inch diameter beam is obtained 
at a distance of 14 inches from the mirror. Total intensity 
was expected to b~ in exces s of ten solar constants with either 
type tube. However, it was not possible to achieve ten solar 
equivalents in the 0.2 - 0.4 micron range with the Xe lamp 
so that the Xe-Hg lamp was used for the balance of the study. 

F. Lyman-Alpha Source 

The vacuum ultraviol_et source of Avco design is essentially a 
Penning discharge tube with water-cooled anode and cathodes, 
Light from this source is beamed through a lithium fluoride 
window onto the samples. The source provides energy in the 
0.105 to 0.2 micron range. With hydrogen gas it is essentially 
a line source with the Lyman-alpha Jine at 1216 ~ as the most 
prominent. The port for the source is shown in Figure 1, 
Item 13. 

G. Reflectance Measuring Apparatus 

Reflectance measurements are made with a Perkin-Ebner 
Model 112 - U spectrophotometer attached to the Avco designed 
integrating sphere. A-Pek Model X-75 xenon lamp and 
Gi-er-Dunkle Model RXS-l power supply were obtained to provide 
sufficient intensity for reflectance measurements below 0.4 
microns. A tungsten lamp is used for measurements at longer 
wavelengths. 

H. Non-In Situ System 

The I;lYl;lter.n used for irradiation and measurement of samples 
for non-in situ testing has been used in performance of other 
contracts and is adequately described in previous reports. (1) 
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IV. EQUIPMENT CALIBRATI,ON AND EVALUATION 

A. In Situ Reflectometer System 

Evaluation of the in situ ,reflectometer was performed by 
comparing spectral reflectance measurements in the in situ 
integrating sphere with measurements in the Gier -Dunkle 
AIS -6 integrating sphere for a ZnO/KZSi0

3 
sample and for 

SiO on vapor deposited aluminum. Five sets of spectral 
refrectance measurements were made on each sample to 
check repeatability of the equipment. The attached tables 
show the measured values obtained in the Gier -Dunkle 
sphere and in each of the five sets of measurements in the 
iE..,situ sphere, the averages of the five sets of measurements, 
and the maximum deviation from the average at each wavelength. 
Measurements are presented only over the wavelength range 
measureable with a tungsten lamp because of problems with 
the xenon lamp power supply. 

Figures 7 and 8 present comparative, spectral reflectance 
curves for the two spheres for the ZnO/K

Z
Si0

3 
and'SiO on 

vapor deposited aluminum respectfully. x 

B. Particle Energy and Flux 

Particle energy is essentially determined by the potential 
drop across the acceleration tube in the accelerator. When 
the Van de Graaff voltage generator is being used, the 
generating voltmeter on the Van de Graaff has been calibrated 
to read directly the particle energy. The calibration was 
performed as follows: 

The particle beam from the accelerator after collimation 
by the orifice slits passes between the electrostatic deflection 
plates of the beam scanner. The beam was permitted to fall 
on a Pyrex window and the resultant fluorescens,e marked the 
position of the beam.. By applying a d. c. potential to the 
deflection plates the beam was m.oved to a different position. 
The accelerating potential was determined from the well 
known equation 

::: Id Vd 
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TABLE II 

Com.parison of Measurem.ents in 
In Situ Sphere With Those in Gier-

Dunkle Sphere at Atm.osphere 
for ZnO!K

2
Si03 

SEectral Reflectance , 
. Wa velength Gier- In Situ Sphere Max. Deviation 

,(Millim.icrons) Dunkle 1 2 3 4 5 Ave. From. Average -- --
390 63.5 63.4 63.0 64.6 64.3 62.9 63.6 1.0 
400 78.4 77.1 75.7 76.4 76.2 76.5 76.4 0.7 
410 82.6 81. 7 81. 7 81. 6 80.7 81.5 81.4 0.7 
420 86.0 85.5 84.4 84.4 81. 7 85.1 84.2 1.3 
430 88.0 85.8 86.3 86.4 89.1 87.2 87.0 2.1 
440 89.8 88.2 87.7 89.3 88.4 87.7 88.3 1.0 
450 90.6 89.7 89.2 89.4 88. 1 89.3 89.1 1.0 
460 91. 8 90.4 89.6 90. 1 91. 2 89.7 90.2 1.0 
470 92.1 91. 0 89.9 90.4 90.8 90.0 90.4 0.6 
480 92.5 90.3 90.3 90.7 91.2 90.7 90.6 Q) , 0.6 
490 93.6 91. 1 91.7 91. 9 90.9 91. 5 91.4 .g 0.5 
500 94.6 91. 2 91. 5 92.0 91. 9 91. 6 ,91. 6 E-I 0.4 
510 93.8 92.4 91. 8 92.8 93.3 92.2 92.5 

~ 
0.8 

520 94. 1 93.1 93.2 93.5 92.6 93.1 93.1 0.5 
530 94.5 91. 7 93.5 93.0 91. 8 93.2 92.6 llt 0.9 
540 94.5 92.8 92.1 92.8 92.7 93.8 92.8 1.0 
550 94.3 91. 3 92.0 93.5 93.2 93.5 92.7 1.4 
560 94.6 91. 7 93.2 93.8 92.3 93.6 92.9 1.2 
570 94.6 92.8 93.5 93.2 93.7 93.9 93.4 0.6 
580 94.8 93.2 93.9 92.5 93.8 94. 1 93.3 0.8 
600 94.4 93.3 92.9 93.3 92.7 93.7 93.2 0.5 
630 94.8 93.4 93.8 94.3 93.9 94.7 94.0 0.7 
660 95.3 92.5 93.5 93.7 94.4 92.9 93.4 1.0 
600 95. 9 92.2 92.4 93.2 92.8 93.4 92.8 0.6 
630 95.1 92.4 91. 9 92.5 93.5 93.0 92.7 0.8 
660 95.1 92.4 92.1 92.9 92.3 93.4 92.6 0.8 
700 95.3 93.4 92.4 92.4 93.2 94. 1 93.1 1.0 
750 94.9 92.9 92.8 93.7 92.7 93.2 93.1 0.6 
800 94.4 93.1 92.3 93.6 92.3 93.9 93.0 0.9 
900 94. 1 92.0 92.4 93. 1 92.4 92.9 92.6 0.6 

1000 93.4 89.6 92.0 93.5 91. 2 91. 7 91.6 2.0 
1100 92.5 91. 7 91. 7 92.2 91. 8 92.3 91. 9 0.4 
1200 91. 8 92.3 91. 0 91. 7 91. 9 90.5 91. 5 .-I 1.0 

.-I 1300 91. 2 90.4 91.2 90.0 90. 1 90.4 90.4 Q) 0.8 
1400 90.3 89.2 88.5 88.9 88.6 88.5 88.7 U 0.5 
1500 87.9 87.5 88.2 88.3 88.4 87.7 88.0 lfj 0.5 
1600 86.7 86.7 87.0 86.4 87.4 86.2 86. 7 if 0.7 
1700 85.2 84.9 85.0 85.2 85.9 85.5 85.3 0.6 
1800 82.5 82.5 83.0 83.4 82.7 83.7 83.1 0.6 
1900 78.9 78.9 79.4 79. 1 78.7 79.5 79.1 0.4 
2000 75.7 75.4 75.4 75.8 76.3 75.2 75.6 0.7 
2100 74.6 74.8 74.9 74.9 74.4 75.8 75.0 0.8 
2200 73.0 73.2 73.3 73.2 73.5 74. 1 73.5 0.6 
2300 68.8 68.6 68.7 68.7 68.3 68.8 68.6 0.3 
2400 64.2 64.1 63.7 63.9 63.4 63.8 63.8 0.4 
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TABLE III 

Comparison of Measurements in 
In Situ Sphere With Those in Gier-

Dunkle Sphere at Atmosphere 
for SiOX on Vapor Deposited Aluminum 

Seectral Reflectance ""', 
Wavelength Gier~ In Situ Sphere Max. Deviation 

(Millimicrons) Dunkle 1 2 3 4 5 . Ave. From Average -- -- ';~!f:; 

390 47.5 45.1 43.9 44.6 44.1 44.4 44.4 0.7 
400 50.2 46.2 45.3 46.6 46.2 46.2 46.1 0.8 
410 51.4 47.2 47.9 47.9 48.2 48.0 47.8 0.6 
420 52.9 49.5 49.9 50.4 49.6 50.2 49.9 0.5 
430 52.9 51.8 52.0 51.5 51.1 53.5 52.0 1.5 
440 54.7 52.9 53.5 53.6 53.3 53.7 53.4 0.5 
450 56.4 54.0 55.2 54.7 55.2 54.5 54.7 0.7 
460 57.8 55.8 55.8 56.4 56.5 56.5 56.2 0.4 
470 58.8 56.4 57.2 57.3 56.9 57.6 57.1 (!) 0.7 
480 60.5 57.5 58.5 59.1 59.0 58.8 58.6 .g :1i 1.1 
490 62.2 60.0 59.9 60.5 60.3 60.1 60.2 ~ 0.3 
500 64.6 61.2 61. 9 61. 8 61.4 62.3 61.7 0.5 
510 66.3 63.0 63.2 63.3 63.3 63.7 63.3 ~ 0.4 
520 66.6 64.4 65.0 64.4 64.8 64.4 64.6 .•. 0.4 . 
530 66.8 64.8 65.4 66.0 65.3 65.8 65.5 P-4 0.7 
540 67.9 65.4 66.7 66.0 65.8 66.6 66.1 O. 7 
550 68.1 66.4 67.0 66.6 67.1 66.7 66.8 0.4 
560 68.9 67.5 68.2 67.0 67.7 66.9 67.5 0.7 
570 69.4 67.5 68.0 68. 1 67.8 68.5 68.0 0.5 
580 70.2 68.4 69.5 68.8 68.9 68.6 68.8 0.7 
600 71. 1 68.7 69.2 68.6 69.8 69.1 69.1 0.7 
630 72.5 69.6 70.0 70.3 70.1 70.3 70.1 0.5 
660 73.7 69.7 71.3 70.7 70.4 71. 1 70.6 0.9 

600 71. 3 67.2 69.2 67.3 67.4 68.2 67.9 1.3 
:630 72.3 67.9 68.7 69.2 68.6 68.7 68.6 0.7 
660 73.8 69.1 69.1 70.2 69.7 70.9 69.8 '~" 1.1 
700 74.3 69.3 70.0 70. 1 69.4 70.3 69.8 0.5 
750 72.9 68.5 69.7 69.2 69.2 68.4 69.0 0.7 
800 71. 4 66.5 67.3 67.4 67.4 67.3 67.2 0.7 
900 80.0 75.6 75.6 75.8 75.6 75.2 75.6 0.4 

1000 87.9 82.3 82.9 83.2 82.6 83.5 82.9 0.6 
1100 90.9 84.0 84.9 85.9 85.0 85.4 85.0 0.9 
1200 93.0 85.8 87.8 87.7 86.4 87.4 87.0 ...-l 1.2 .-I 

1300 93.8 88.7 89.0 88.1 87.8 87.8 88.3 aJ 0.7 
1400 93.9 88.0 88.4 88.4 87.4 87.2 87.9 U 0.7 
1500 94.8 88.0 89.0 88.9 89.4 88.8 88.8 til 0.8 
1600 95.3 89.8 90.2 90.8 89.8 90.3 90.2 ,.Q 0.6 P; 
1700 95.2 90. 7 91. 5 91. 0 90.5 90.8 90.9 0.6 
1800 95.4 90. 1 91. 0 91. 7 91. 4 91. 6 91.2 1.1 
1900 95.3 91. 0 91. 8 92.0 91. 9 91. 5 91.6 0.6 
2000 95.4 90.5 92.0 91. 9 92.0 91. 9 91.7 . ~ ~~, 1.2 
2100 95.8 91. 8 93. 1 92.9 92.2 92.2 92.4 0.9 
2200 95.9 92.2 92.4 92.4 91. 7 91. 3 92.0 0.7 
2300 95.5 89.5 90.1 89.9 89.8 90.6 90.0 0.6 
2400 94.9 89.8 90.4 90.1 89.8 90.0 90.0 0.4 
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where VA is the accleration voltage, 1 is the length of the 
deflection plates, d is the distance from the center of the 
plates to the glass window, V d is the applied deflection 
voltage, t is the s pacing between the plates, and x is the 
distance the beam was-moved on the window. 

The calibration was made at several accelerating potentials 
to accurately calibrate the readout meter. 

When the auxiliary power supply is used, the reading from 
the meter on its control panel is used to determine the 
particle energy, i. e., a 10 kilovolt potential produces 
10 Kev particles. This is not strictly true in the case of 
positive ions since in addition to the potential across the 
acceleration tube, the ions are given an initial acceleration 
to extract them from the R. F. ion source by application of 
a relatively low potential to the source probe. However, 
the total energy of the particles is known to within ten 
percent. 

Charged particle flux is readily determined due to the 
geometry of the sample holder. As described in Section 
III. A. 2, the collimating plate mounted in front of the 
sample holder defines the area, A, of the sample and sample 
holder which is irradiated. The average current striking 
this area is directly measured by cOl'lJlecting a meter from 
the sample holder to ground. If this current, I, is noted 
in amperes, the flux is given by 

I 
A 

x 6.25 x 1018 , particles / cm2 / sec 

When a certain flux is required it is, therefore, simple to 
determine the required beam current and adjust the 
accelerator accordingly. The method used in adjusting for 
the desired current is to adjust for a current on the monitor 
in the glass cross section which will yield approximately 
the proper target current and to make final minor corrections 
after the beam is on target. 

The target current is recorded on a strip chart recorder 
throughout the tests. The current is sufficiently stable that 
the total integrated flux in particles / cm2 striking the samples 
during a test is known within an esti:mated fifteen percent. 
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C. Solar Simulator Calibration 

The solar simulator was calibrated by duplicating the vacuum 
chamber geometry on a work bench. Spectral calibrations 
were made using a monochromator calibrated with an NBS 
standard quartz -iodine lamp, thus providing quantitative 
spectral intensity data. The ellipsoidal collecting mirror which 
was provided for the simu.lator was coated with an aluminized 
coating. Figure 9 compares plots of simulator spectral 
intensity with a Hg Xe lamp and using the aluminized collector 
with a plot ~f s,olar extraterrestrial spectral ~intensity according 
to Johnson. '1

8 , An analysis of the curve for the aluminized 
collector in Figure 9 shows that with 10 solar equivalents 
below 0.4 microns there were approximately 2.5 equivalents 
between 0.26 and 0.28, and 15 equivalents in the 0.26 to 
0.30 micron range. These measurements were made with a 
new Xe-Hg lamp in the simulator. 

D. Vacuum Ultraviolet Calibration 

The vacuum ultraviolet light calibration was made with one 
centimeter nickel discs mounted at the sample positions in the 
sample holder, and with a nitric oxide ionization cell with a 
lithium fluoride window also at sample position. The nickel 
discs serve as photoelectric detectors. With a negative bias 
applied to the discs, the photoelectrons, which are generated 
primarily by Lyman-alpha photons, are ejected and the 
current is proportional to the light intensity. A quantum 
efficiency of 2.5 percent was assumed "9o,r the nickel l;>ased 
on data of Hinteregger and Watanabe. ( . The overall quantum 
efficiency of the NO cell obta~ned from G. B. L. Associates 
was not known. Dunkleman (10) states that efficiencies range 
from 10 to 50% for similar detectors. 

A loop of 10 mil nickel wire permanently mounted close to 
the light source was cross calibrated to provide continuous 
monitoring of light intensity during the tests. 

E. Non-In Situ System 

Calibration of this system is adequately descr.ibed in 
previous reports. (1) 
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V. TEST PARAMETERS AND RESULTS, 

A compilation of all the sample materials, environmental parameters 
and values of as and .6.~ of the in situ tests are included in Table IV. 
Two values ofL1~s are presented, .6.o.s is the change at the end of the 
accelerated radiation, and.6.o. is tbe change at the end of the test. s,z 
The proton energy for each test" was 10 Kev, the sample temperature 
was maintained at room temperature and the chamber pressure was 
10- 7 torr or less for every test. These items are not tabulated. 
Except in the tests with the xenon lamp which is given the near and 
vacuum, ultraviolet was applied at a rate of 10 solar equivalents for 
a total of 750 sun hours of electromagnetic radiation. This was 
chosen because it had been previously shown in non-in situ testing -.-,.---
t hat this was about the minimum necessary to cause measurable 
optical damage to ZnOZ/KZSi03 samples. 

A total integrated proton flux of Z x 10 15 p/cmZ was selected in the 
majoritl of the tests. In one test a total integrated flux of 
1 x 10 1 p/cm2 was selected in order to determine if additional 
proton damage could be detected. In order to determine if a rate 
effect existed, some tests were conducted at an accelerated rate 
approximately 100 times the continuous rate. In the accelerated 
tests, the flux was applied for approximately one hour in order to 
obtain the same total integrated flux as in the continuous irradiation 
tests. Reflectance measurements were made on the samples in situ 
and were made at various times during the irradiation. The 
reflectance measurements were made over the range. 34 to 2.4 
microns. 
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TABLE IV 

Batch & 
TEST PARAMETERS AND RESULTS 

Test Sample Near UV Lyman-a. Protons Initial Aa. Aa. 
No. Material No. Sun Hrs. Sun Hrs. I Z pleIn 

2 sl s2 p em sec a. s 

1 ZnO/KZSi03 1-11-9-13 #5 -------- ------ .... -
1-11-9-13#6 1. 1 x 10 12 5.3xlO15 . 181 ---- .063 
1-11-9-13 #7 1. 1 x 10 12 5.3x1015 .180 .082 
1-11-9-13 #8 -------- --------

2 ZnO/KZSi03 1-11-9-13 #9 -------- --------
11 2 x 10 15 1-11-9-13 #10 5.5xl0
11 

.190 .046 .041 
1-11-9-13 #11 5.5xl0 l x 1015 .179 .043 .035 
1-11-9-13 #12 -------- --------

3 ZnO!KZSi03 1-11-9-13 #13 -------- --------
3.2 x 109 15 1-11-9-13 #14 Z x 10

1 
.183 ~ --- .233 

\ 1-11-9-13 #15 3.2 x 109 2 x 10 5 .192 .224 
N 1-11-9-13 #16 H::. -------- --------
I 

Hg Xe Lamp 
4 ZnO!Kl Si03 F -1-47 -D #1 750 750 -------- -------- .287 .020 

F-1-47-D#2 750 750 5.2xl0 11 2 x 10 15 .287 .027 .035 
F-1-47-D #3 5.;2 x lOll 2 x 1015 • :2 91 .035 .031 
F-1-47-D #4 -------- --------

'. 

ZnOlKzSi03 
F-1-47-D #5 5 750 750 -------- -------- .295 . .023 
F-I-47-D #6 750 750 7.35x109 2 x 10 15 .287 .043 
F-l- 47-D #7 7. ~)5 x 109 l x 1015 .286 .048 
F-1-47-D #8 -------- --------



Batch & Aa 
Test Sample Near UV Lyman-a 

Protons 8 

2. Initial :£id Aa
8 

No. Material No. Sun Hrs. Sun Hre. p/cm2. sec p/cm a 
8

1 2 
--s 

6 LaZ03/KZSi03 F-1-53-A #1 750 750 -"""---"""-- -""'''''''"'''-''''"-- .373- · 036 
F-1-53-A #Z 750 750 5.2.x1011 Z x 1015 .346 .0.03 · .025 
F-1-53-A #3 5,ZxlOll Z x 1015 .339 .0.06 · .002 
F-1-53-A #4 _ .... ------- --------

7 ZnO/Silicone F-1-55 #1 75.0 750 
__ ""' __ oco __ 

- ... ------ .2.1.0 · .021 
F-1-55#2 75.0 75.0 9 Z x 10 15 .Z14 · .083 7.35x1D 
F-1-55#3 7.35xlD9 2 x 10 15 .2.17 · .047 
F-1-55#4 -------- --------

8 ZnO/Silicone F-1-55#5 750 750 -------- ~-;-1~-15- . Z13 • .016 
F-1-55 #6 75.0 75.0 5.5 x 1.0 11 .211 · .028 • .044 
F-1-55#7 5.5xlDll Z x 1.0 15 .Z11 · .038 • .03.0 
F-1-55#8 --""'"----- --------

I 9 LaZ0 3 !KZSi0
3 

F-1-38#1 750 750 -------- -------- .2.01 • .086 
N 

F-H·38 #2 75.0 75.0 5.2 x lOll Z x 1.0 15 .194 .0.06 · .086 U1 
I 

F-1-38 #3 5.2.x1Dll Z x 1.0 15 
• .0.09 .194 • .01.0 

F-1-38#4 -------- --------

1.0 LaZ03 /K~SiO F-1-38#5 5. 5x IDii 1 x 1.0 16 .189 • .012 
ZnO/Bilicone3 F-1-55 #9 5.5 x 1.0 1 x 1.0 16 .218 • DIS 

11 S-13G AZ 75 # 1 75.0 75.0 _' _____ 00;. ... -----""' .... - .224 • .012 
A275 #2 75.0 75.0 7.35x109 2. x 1015 .227 · .075 
A275 #3 7.35x1D9 2. x 1.0 15 .232 · 047 
A2.75 #4 ... ,.,.-""'"""-=-- -- .... --~"""-

12 TiOZ! Silicone F-1-56 #1 190 190 ""''''''-=-='''''-==><= -""""",."...."=--.,,. . 212 · 017 
5.5 x lOll 15 F-l-S6 #2 19.0 19.0 3 x IDI5! .2.09 · 080 

F-1-56 #3 5.5 x lOll 3 x 10 .212 · 085 
F-l.;.56 #4 ---""'--_ .... ----""" .... ""'-



Batch & a 
Test Sample Protons Initial 

s 
Near UV Lyman-a -z!Li" Aa 

No. Material No. Sun Hrs. Sun Hrs. p/cm2 /sec p/cm 
2 .l S7 

~s- --'"' 
13 MgO (powdered) 11 5 x 10 15 .158 .009 ---------- 5.5,x10 

Ti02 (powdered) ---------- 5.5 x lOll 5 x 10 15 .172 . 108 

14 Si02 (powdered) - - - - - - - - -- 5.5x1011 5 x 1015 .108 .004 
AL203 (powdered) ---------- 5.5 x lOll 5 x 1015 .096 .006 

15 ZnO/KzSi03 1-11-9-13 #17 --- . 5.5 x lOll 5 x 1015 .184 .074 .058 

16 LaO (powdered) ---------- 5.5xl011 5 x 10 15 .114 .007 
zn07K

2
Si03 F-1-47-D #9 5.5 x' lOll 5 x 1015 .287 .077 .046 

NON -IN SITU TESTS 
Batch & 

Test Sample Near UV Lyman-a Protons Initial .6.0. 
I Z p/cm2 N No. Material No. Sun Hrs. Sun Hrs. p/cm Isec a. s 

'" 
~-~ ....... ----..... --- -_ .. - .. -----.. ---- _8 

I 

1 2nO Powder -------- 5.5xl011 2 x 1015 . 124 .035 

2 ZnO powder -------- 750 750 7.4xl09 2 x 10 15 .120 .023 
-------- 750 750 --------- -------- .125 .004 
-------- --------- -------- . 124 -.003 

3 Vac. Dep. Ag -------- 750 750 5.5xl0
11 

1.5xl017 .064 .060 
on Fused -------- 750 750 ----_ .... _-- -------- .064 .001 
Silica -------- --"""------ -------- .065 



VI. DISCUSSION OF RESULTS 

A. In Situ Tests 

Sixteen exposure tests were conducted on various samples 
in which reflectance measurements were made in situ. ---
Four samples were included in each test. 

1. A sample exposed to vacuum, controlled temperature, 
and solar simulation. 

2. A safUple exposed to vacuum, controlled temperature, 
solar' simulation and protons. 

3, A sample exposed to vacuum, controlled temperature 
and protons. 

4. A control sample exposed to vacuum and controlled 
temperature. 

Proton exposures were conducted with a pure beam of 10 Kev 
protons. 

1. Xenon Lamp 

Three exposure tests were conducted on ZnO!KzSiO 
'samples in which reflectance measurements were ~ade 
in situ .. Solar simulation for the tests was provided by 
;-simulator using a 5 kilowatt ':ienon lamp. Spectral 

,,' 
irradiance was to have been at a level of 10 solar 
equivalents of near ultraviolet. However, this level 
could not be attained -so the highest levels attainable 
were used. Proton exposures were conducted with a 
pure beam of 10 Kev protons. All tests were conducted 
at a nominal temperature of 298°K as measured by a 
thermocouple in contact with the sample rack. 

For the first test, simulated solar irradiance at sample 
position was approximately 5.5 solar constants with 3 
solar equivalents in the near ultraviolet. Proton flux 
was greater than planned because of an error in current 
readout and because the beam narrowly missed one edge 
of the samples due to a misalignment in the beam line. 
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Proton flux was approximately 1. 1 x 1012 plcm2 I sec 
and the integrated flux was 5.3 x 1015 p/cm2 . Because 
of the error in the proton flux, the test was stopped 
immediately after the proton irradiation. 

Figures 10 and 11 show the change in spectral 
absorptance for the s-ample irradiated only with protons 
and for the sample exposed to the combined environment. 
The change in solar absorptance was. 082 for the 
former and. 063 for the latter. Changes are based 
upon pre-exposure measurements made in vacuum. 

For the second test- spectral reflectance measurements 
were made on each of the four samples before evacuating 
the test chamber and again about 24 hours later at a 
pressure in the 10- 9 torr range. The primary result 
of the vacuum environment was to increase the 
reflectance of the samples by approximately 2% 
in the wavelength range of 1.6 to 2.4 microns. 

The solar irradiance was the same at the beginning of this 
test as in the first test. The proton flux was to have been 

. 5.5 x lOll pi cmZ I sec for one hour to obtain an integrated 
flux of 2 x 1015 p/cm2 . However, a problem in the proton 
beam scanning supply caused the beam to miss the 
sample exposed only to protons for a part of the 
irradiation period. After stopping the test it was found 
that the aluminum surface had evaporated from the mirror 
which reflects the light from the solar simulator onto the 
samples, This mirror is located in the vacuum chamber 
and could not adequately dissipate the heat from the 
absorbed infrared radiation. 

Figure 12 is plotted from data taken for the sample 
exposed to the combined environment, since this sample 
was uniformly irradiated even though the proton flux 
and solar exposure cannot be accurately evaluated. 
The curves in Figure 12 are based upon change s from 
the pre-exposure spectral reflectance measurements in 
vacuum. The solid curve shows the change in spectral 
absor ptance induced by the radiation from data taken 
immediately following proton irradiation. An absorption 
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band was induced from. 31 to .55 micron and another 
above 1 micron. The data taken about 24 hours later 
shows a recovery of infrared damage even though 
chamber pressure was less than 10- 9 torr. The 
recovery is not an effect of the solar radiation since 
the sample which was exposed only to protons 
exhibited the same recovery; nor was it a continued 
effect of vacuum since the control sample did not 
exhibit any further change following the initial 
measurements in vacuum. The other curve shows 
an increase in infrared reflectance following return 
of the chamber to atmospheric pressure. 

Pre-exposure spectral reflectance measurements were 
made both in air and vacuum for the samples used in 
the third test and they exhibited the same increase in 
reflectance in the infrared as had the previous group. 

The test was set up for a proton flux of 3.2 x 109 p/cm2 /sec 
and an integrated flux of 2 x 10 15 pi cm2 . With a new 
mirror with a sOITlewhat iITlproved heat sink installed 
in the chamber the solar irradiance at sample position 
as measured with a pyrhelioITleter was 7. 5 solar constants 
with 4.3 solar equivalents in the near ultraviolet. When 
the test was stopped after what should have been 750 sun 
hours of ultraviolet exposure, it was found that the 
aluminum had evaporated off the new ITlirror. 

Figure 13 shows an effect of the solar radiation. The 
solid curve is froITl spectral reflectance measurements 
made iInITlediately after shutting the radiation off the 
samples after approximately 48 hours of exposure. 
The sample was exposed only to solar radiation. The 
dashed curve is from measurements made when the 
radiation had been off for 2 hours. on for 40 minutes, 
and then off for 3 --I /2 hours. The radiation apparently 
caused a decrease in reflectance primarily around 
the absorption edge but in a short period of time after 
blocking off the radiation the absorption peak 
disappeared. At the end of the test, this sample 
exhibited considerable more optical damage than would 
have been expected even from a fu!!l 750 sun hours of 
near ultraviolet. A check showed that the samples 
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were not seating properly in the sample holders. 
Thermal transfer was probably inadequate to keep the 
samples exposed to the simulated solar radiation 
from heating. The transient absorption peak was an 
anomalous result and was never reproduced. 

The sample which was exposed to the combined 
environment suffered more damage than the sample 
exposed to protons. This was in contradiction to the 
results of previous tests of ZnO/K

Z
Si03 when the 

samples were· maintain~d at the same temperature and 
is a further indication that the samples exposed to the 
solar radiation may have been considerably warmer 
than the other two samples. 

Figures 14 and 15 show changes in spectral 
absorp tance caused by proton exposure and by combined 
proton and solar radiation exposure respectively. 
The three curves represent the change which had 
occurred at various st9-ges of exposure. Changes in 
solar absorptance are noted on the figures. 

Z. Mercury Xenon Lamp 

Thirteen exposures were conducted on the various 
materials using a 5KWMercury Xenon Lamp in the 
solar simulator. The re suIts of these tests are 
discussed in the following paragraphs based upon the 
environmental parameters selected. The curves which 
accompany show only changes in spectral absorptance. 

a. Zinc Oxide/Potassium Silicate 

Two batches of zinc oxide potassium silicate 
were tested, F-1-47-D and 1-11·-9-13. Eff~cts 

of the individual irradiations as well as the 
combined environment are discussed below. 

1. Proton ·Effects 

The effects of proton radiation only are 
shown. in, Figures 16 and 17 for the 
F-1-47-D ZnO/KzSi0

3 
and Figure 18 . 
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shows the effect on the 1-11-9-13 
ZnO/KZSi0

3
. Greater damage is 

observed in the infrared region due to 
the continuous proton radiation than 
with the accelerated flux indicating a rate 
effect. Also shown in Figure 16 is a 
slight bleaching effect in the infrared 
region for the sample which was irradiated 
at the beginning "of the test and remained 
in vacuum while the other samples were 
irradiated with ultraviolet. Figure 17 
also shows this effect. In Figure 17, the 
effect of incr easing the proton flux 2. -liZ 
times is shown and allowing the sample 
to remain in vacuum for a specified 
period of time. 

Figure 18 shows the effect of proton 
r adia tion only to the 1- 11·- 9 -13 m.ate rial 
and again remaining in vacuum after 
irradiation. Again, the bleaching effect 
may be noted. 

Z. Ultraviolet Damage 

Figure 19 shows the effect of ultraviolet 
radiation on the F-1-47-D ZnO/KZSi0

3 
material. 'In both tests the ultraviolet 
was applied at a rate of 10 suns. The 
damage was les s than 5% in the near 
ultraviolet, visible and infrared region 
as may be seen from this figure. Results 
were essentially the same for two 
separate runs on this material. 

3. Combined Effects 

The combined effe-~ts of proton, vacuum 
and ultraviolet environment are shown in 
Figures 20, 21, 2Z, and 23. 

Figures ZO and ZI show a comparison 
between the combin'ed radiations on one 
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sample and the algebraic sum of the 
individual irradiations on the other two 
samples for two separate runs of high and 
low· proton flux. Figure 22 shows a 
compari~on between the combined 
environment of vacuum, ultraviolet and 
protons of low and high flux rate. 
Figure 23 shows the effect of ultraviolet 
radiation and vacuum on a sample irradiated 
with protons at the beginning of a test and 
comparing the change in spectral absorptance 
from the irradiation measurement to the 
end of the test, 

b. ZnO/Silicone 

1. Protons 

The effects of proton radiation are shown 
in Figur es 24 and 25. The characteristic 
curve for ZnO susceptibility to proton 
damage is depicted. The effect of the 
accelerated protons is almost identical to 
that produced by the continuous low current 
indicating no rate effect. A slight difference 
is observed in the height of the change of 
absorptance which is greater for the ' 
continuous current. Also shown by Figure 24 
is that the ZnO!Silicone showed a bleaching in 
the IR due to remaining in the vacuum 
chamber for. approximately 74 hours. The 
effect of increasing the total proton flux to 
1 x 1016 plcm2 is shown in Figure 25. The 
peak change in absorptance was almost 
doubled with approximately 5% greater 
damage in the IR range. 

2. Ultraviolet Effects 

The effect of ultraviolet radiation on this 
material is shown in Figure 26. It shows 
very little damage with a slight absorptance 
peak near. 4 fJ. and less in the infrared than 
the ZnO!K2Si03' Both runs on the materials 
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produced almost the same results as 
shown in this figure . 

. 3. Combined Effects 

The effects of the combined environment 
are shown in figures 27, 28, 29, and 30. 
Figures 2.7 and 28 show the comparison 
between the sum of the individual 
environment and the combined environments 
for both the high and low currents. 
Figure 2.9 shows that the absorptance peak 
around.4f-l was considerably greater for 
the continuous low current with approx
imately the same damage in the IR range. 
Figure 30 shows a greater change in 
spectral absor ptance around. 4f-l for the 
ultraviolet radiation than was effected in the 
ZnO/K

Z
Si0

3 
. 

c. Lanthanum Oxide/Potassium Silicate (F-1-53) 

1. Protons 

Figure 31 shows the effect of proton radiation 
on this material and the subsequent effect 
of exposure to a vacuum. Proton damage 
was very slight with practically no change 
due to vacuum exposure after irradiation. 

2.. Ultraviolet Effects 

750 sun hours of ultraviolet and Lyman-alpha 
radiation produced the greatest damage to 
this material as shown by Figure 32.. The 
effect was an absorptance peak in the near 
ultraviolet portion of the spectrum with a 
trailing off through the visible to practically 
no damage in the IR range. 

3. Combined Effects 

The effects of combined environment are 
shown in Figures 33 and 34. The algebraic 
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sum of the individual damage very nearly 
equalled the combined environment damage. 
Figure 34 shows that practically all of 
the damage to the material in the combined 
environment was due to the solar electro
magnetic radiation. 

d. Lanthanum Oxide/Potassium Silicate (F -1-3 8) 

1. Protons 

The effect due to proton radiation only 
is shown in Figures 35 and 36. This was " 

a different batch of Lanthanum Oxide / 
Potassium Silicate, however, it showed 
practically the same effect due to protons 
as did the F-1-53 material. Increasing the 
total proton flux by five times produced 
very little more damage as shown by 
Figure 36. 

2. Ultraviolet Effe~t 

The absor ptance peak produced by the 
electromagnetic radiation was considerably 
greater in this batch of Lanthanum Oxide 
(F-1-38) than in that reported in the 
previous paragraph'(F- 1-53). This is 
shown in Figure 37. Damage in the IR 
range was again practically zero as before. 

3. Combined Environment 

The effects of combined environment are 
shown in Figures 38 and 39. The principal 
damage is seen to be due to the electro
magnetic l;'adiation with the algebraic SUln 

very nearly equalling the combined damage. 
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e. S-13G 

1. Proton Effects 

The effect of proton radiation on this 
material is shown in Figure 40. The 
material showed the characteristic 
damage curve for ZnO with about the 
same effects as the ZnO/Silicone irradiated 
with continuous low current. 

Z. Ultraviolet Effects 

The effect of ultraviolet radiation only is 
shown in Figure 41. The change in solar 
absor ptance is greater around. 4 micron 
than the ZnO/Silicone or the ZnO/K

Z
Si03 

with virtually no damage again in the IR 
range. 

3. Com.bined Environment Effect 

The effect of combined environment 
simulation is shown in Figure 42. Bleaching 
of the proton damage in the IR range has 
apparently occurred. 

f. TiO
Z 

Silicone 

These tests were conducted in order to 
compare the results of in situ testing of TiOZ 
Silicone with the work of Pinson(Z) which was 
conducted non-in situ. 

1. Proton Effects 

Figure 43 shows the effect of proton 
radiation on TiOZ /Silicone. It has the 
characteristic peak of ZnO but does not 
return to near zero in the visibl~ range 
as does the ZnO. This material received 
1-1/Z times more total proton flux than 
did the other materials. 
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2. Ultraviolet Radiation Effect 

As shown by Figure 44~ practically no 
damage was evident due to the near 
ultraviolet and vacuum ultraviolet 
radiation. This sample, however only 
received a total of 190 sun hours of 
electromagnetic radiations. 

3. Combined Environment Effect 

The effect of combined environment is 
shown in Figure 45. It may be seen that 
the combined damage is less than the 
proton damage alone which is just the 
opposite of the results obtained by 
Pinson.(2) Synergistic effects were noted 
in Pinson I s tests in which the combined 
damage was greater that the sum of the 
individual environments. 

g. Powdered Samples 

Powdered samples of SiO
Z

' LaZ0
3

, TiOZ' 
AlZO and MgO were all irradiatea wHh 
proto1s only for a total flux of 5 x 1015 

pi cmZ at a rate of 5".5 x lOll pi cmZ I sec. 
The effects are shown in Figures 46 through 
50. The only powdered sample which had 
significant damage is the TiOZ ' As may be seen 
from these figures, the other samples 
exhibited little or no damage. 

B. Non-In Situ Tests 

Three exposures were conducted ~-~ ~ using a 5 KW 
mercury xenon lamp in the solar simulator. The results 
of these tests are discussed in the following paragraphs 
based upon the environmental parameters selected. The 
curves which accompany show only changes in spectral 
absorptance. 
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1. SP 500 Zinc Oxide , 

Figure 51 shows the change in spectral absorptance 
for compressed zinc oxide powder fol1owi~ exposure 
to 10 Kev protons. Total flux was 2 x 101 protons / 
cm2 at 5.5 x lOll p/cm2 /sec. Sample temperature 
was 298oK. Damage in this case was comparable to 
that for ZnO/K SiO in the same environment, from 
earlier work, thdicating that the damage for the 
latter is occurring in the pigment. 

Figure 52 shows the effect of a combined proton and 
ultraviolet environment on zinc oxide. The 
environment included a total 10 Kev proton flux 
of 2 x 10 15 p/cm2 at 7.4 x 10 9 p/cm2 /sec and 750 
sun hours of near and vacuum UV at 10 solar 
equivalents. The damage was substantially less 
than for the sample exposed to protons only, 
indicating proton damage bleaching by electromagnetic 
radiation. 

Figure 53 shows the effect of exposure to 750 sun 
hours of near and vacuum UV at 10 solar equivalents. 
Measured damage was very small and essentially 
within the error of readings. Bleaching of damage 
undoubtedly occurred upon return of the sample 
to atmospheric conditions. 

2. Vacuum Deposited Ag on Fused Silica 

Figure 54 shows the effect of exposure to combined 
10 Kev protons (1.5 x 10 17 p/cm2 at 5.5 x lOll 
p/cm2 /sec) and 750 sun hours of near and vacuum 
UV on vacuum deposited silver on fused silica. 
Substantial damage incurred apparently from the 
proton exposure. The peak in the induced 
absorption band occurred at about 0.365 micron. 

Figure 55 demonstrates the effect of 750 sun hours 
of near and vacuum UV at 10 solar equivalents to 
the vacuum deposited silver on fused silica. 
Changes were essentially within the errors in 
measurements. 
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Figure !S 1- - Effect of proton exposure on SP 500 zinc oxide at 
298oK. 10 Kev ~rotons - 2 x 1015 p/cm2 at 
5. 5 x 1 Ollp/ cm / sec. 



I 
<Xl 
0 
I 

25 

+oJ 
,::: 
Q.I 

~ 20 
Q.I 
0.. 

Q.I 
U 
s:: 15 
I'll 
0, ,.. 
0 
II 

,.Q 

-< 10 
...... 
I'd ,.. 

+oJ 
U 
Q.I 
0.. 5 tf.l 
,::: 

H 

Q.I 
til) 
,::: 
I'll 0 ...c: 
u 

-5 , I I , I , I I ' ( [ , 

.2 .4 .6 .8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 

Figure 

Wavelength ( microns 

52- - Effect of combined environment exposure on SP 500 
zinc oxide at 2990 K. 10 Kev protons - 2 x 1015 plcm2 at 
7.4 x 109 pi cm2 I sec. 750 sun hours of near and 
vacuum UV at 10 solar equivalents. 



10 

..... 
r:: 
<Ii 
u 8 
'"' Q) 
0.. 

(I) 

u 
t:: 6 ro 
0. 
'"' 0 
CJ) 

..c 
<: 4 
...... 

I ro 
00 

'"' ....... ..... 
I :.., 

(J) 

0.. 2 U) 

r:: 
....... 
Q) 

0.0 
t:: 
ro 0 ..r:: 

U 

-2 
.2 .4 .6 .8 1.0 1.2 1.4 1.6 1.8 2.0 

Wavelength ( microns 

Figure 53 - - Effect of ultraviolet exposure of SP 500 zinc oxide 
at 2990 K. 750 sun hours of near and vacuum UV 
at 10 solar equivalents. 

2.2 2.4 



25 

-
(l, 

~ 20,-
0. 
0-

:, 

c 15 no 
P.. 
J.. 
C 
rJl 

.c 
~ 10 

I 
..... 
ro 

00 

'"' N ..... 
V 
a; 
0- 5 C/) 

c: -
(]., 

':I.C 
C 

0 .il 
...c 
l; 

-5 
.2 .4 .6 .8 1.0 1.2 1.4 l.() 1. 13 2~O 2.2 

Wavelength ( microns) 

Figure 54- - Effect of com bined environment exposure on vacuum 
deposited Ag on fused silica at 304°K. 10 Kev protons -
1. 5 x 10 17 p/cmL at 5.5 x lOll p/cm2 /sec. 
750 sun hours of near and vacuum UV at 10 solar 
equivalents. 

2.4 



10 

..... 
c 
(j,. 

l; 8 
J... 
'lI 
0-

CIi 
u 

6 c 
C1l ..... 
0-
H 
0 
(IJ 

..0 
4 <t: 

I ..-
00 (1j 

\.N H 
....... 
U 
CIi 

2 0-
{J) 

C ..... 
'lI 
0.0 
C 0 (1j 

..c: 
U 

-2 
,2 .4 

, , , 

.6 ,8 1.0 1.2 1.4 1.6 1.8 2.0 
Wavelength ( ITlicrnns 

Figure 55- - Effect of ultraviolet exposure on vacuum deposited 
Ag on fused silica at 304o K.. 750 sun hours of near 
and vacuum UV at 10 solar equivalents. 

, 

2.2 2.4 



VII. CONCLUSIONS AND RECOMMENDATIONS 

A. Conclusions 

1. The ZnO/potassium silicate is more stable in an 
ultraviolet radiation environment than in a proton 
environment. It is apparently very susceptible to 
proton damage in the spectral range studied. A 
threshold of approximately 10 15 p/cm2 causes 
measurable damage with proportionate damages for 
doses in excess of this level. 

2. There was not evidence to indicate that synergistic 
effects existed for the ZnO/~Si03 material. In all 
but one test, the combined environment tests 
including both protons and ultraviolet radiation 
produced less optical damage than the sum of the 
damages due to the individual environments. 

3. There is definite evidence that the rate at which 
protons are applied to ZnO/KZSi03 has a definite 
effect on the amount of damage to the material, 
es pecially in the infrared portion of the spectrum. 

4. The 1·-11-9-13 ZnO/K2SiO demonstrated 
comparable degradation effects to the F -1-4 7-D 
ZnO/K

Z
Si03 . The 1-11-9-13 did exhibit less 

damage in the IR portion of the spectrum but had 
a larger change in absorptance near. 4 micron. 

5. The Lanthanum Oxide /Potassium Silicate is more 
susceptible to ultraviolet radiation damage and less 
susceptible to proton damage. Increasing the total 
protons by a factor of 5 did not increase the 
damage indicating a very good resistance to 
protons. In contrast to the ZnO/KzSi03 , the 
Lai03/K Si0

3 
shows a definite damage effect, 

prlncipal~ due to ultraviolet exposure. Of the two 
batches of La

2
0/K

2
SiO tested, the F-1-38 was the 

least resistant to ii1traJiolet damage. 
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6. Combined environment tests including both protons 
and ultraviolet radiation produced comparable 
damage to the sum of the individual environments 
for the Lanthanum Oxide/Potassium Silicate. 

7. The Ti02 /Silicone is highly susceptible to proton 
damage and has very little susceptibility to ultra
violet radiation. This effect also showed up in the 
powdered samples since the Ti02 was the only 
powder which showed significant damage due to 
proton radiation. 

B. Recommendations 

1. Further study should be conducted on the 
influence of the electromagnetic spectral 
distribution on the combined environment 
synergistic effects. 

2. The reciprocity effects of accelerated testing for 
both electromagnetic and particulate radiation 
should be investigated. 

3. Temperature effects should be investigated for 
materials studied in situ. 

4. The effects of simulated space electron < 

radiation should be studied. 

5. The coatings should be subjected to proton and 
electron particle irradiation in order to establish 
the relation between particle energy and optical 
degradation. 
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IX. APPENDIX 

Following are prints of dimensional information for items 
fabricated under this contract. 
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