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N O T I C E  

This report was prepared as an account of work 
sponsored by the United States Government. Neither 
the United States nor the United States Department 
of Energy, nor any of their  enployees, nor any of 
the1 r contractors , subcontractors , or their employees , 
makes any warranty, express or inplied, or assumes 
any legal l i ab i l i ty  or responsibility for the accuracy, 
completeness or usefulness o f  any information, 
apparatus, product or process developed, or represents 
t h a t  Its use would not infringe privately owned rights. 



This document 
83-00350. The 

FOREWORD 

s the final report issued under Sandia Laboratories Contract 
objective of this contract is t o  improve the Boeing Engineering 

and Construction ( B E C )  he1 iostat  design and hence i ts  overall performance and 
cost effectiveness through the development and t e s t  o f  improved enclosure and 
reflector plastic films. Work under this contract was ini t ia ted on April 9, 
1979, and was completed July 31, 1980. Th i s  report complies w i t h  Task III-e 
as designated i n  the contract work statement. 
Sandia was performed by Mr. Clayton Mavis. Program management a t  BEC was 
performed by Mr. Roger Gillette. Mr. Marcus Berry was project manager a t  BEC, 
and Mr. Harry Dursch performed the majority of work i n  the project 

. 

Technical management a t  
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1 .O INTRODUCTION AND SUFIMARY 

A plastic film improvement program was ini t i3ted t o  improve the BEC enclosed 
heliostat design and hence i t s  overall performance and cost effectiveness. 
The in i t ia l  overall plan for completing the program tasks and for 
accomplishing a l l  i ts  objectives is represented i n  the Event Logic Network 
shown i n  Figure 1-1, 

An industrial survey was initiated i n  the early weeks of the contract. 
The i n i t i a l  l i s t  of potential film suppliers was expanded from a few to 
30. Suppliers were urged t o  participate by proifding samples of  materials 
they f e l t  had potential. Suppliers were visited for technical discussions 
abou t  their  products and t o  become knowledgeable i n  the processes of olastic 
film manufacture. The preliminary candidate materials were screen tested 
i n  Boeing laboratories. The materials showing promise were sent t o  Phoenix 
for desert exposure testing. After 3 months of accelerated exposure, 
coupons were withdrawn and tested for degradation. The da ta  were used t o  e l i -  
minate candidates of obvious poor weatherability, and ass i s t  the supplier i n  
mak ing  modifications for possible second iteration materials. 

Exposure of f irst  iteration materials continued while second iteration 
candidates (new materials and modified previously tested materials) were 
being made available. After 6 months of real time and accelerated exposure 
f i r s t  iteration samples were withdrawn and returned for lab tests.  Lab 
testing o f  second iteration materials were performed af ter  3 months of 
accelerated exposure. Exposure testing of the most promising materials will 
be continued a f t e r  the end of this contract. 





. .  

Response from the plastic film industry was slower than  anticipated, causing 
a delay i n  the start o f  the outdoor testing. A major problem was t h a t  
while many firms were interested, few of them could supply the material off 
the shelf. The majority required addi t ional  time to make special process 
runs. A 3 month contract extension permitted evaluation of materials af ter  6 
months of exposure testing. 

Plastic film exposure and testing initiated under a previous contract was 
continued i,n parallel w i t h  this contract, and these results are included i n  this 
report also. Outdoor exposure testing began i n  April, 1978, After an equivalent 
of over 15 years of solar exposure (24 months a t 2 7 . 6  suns), the two fluoro- 
carbons, Kynar and Tedlar, have shown no appreciable degradation of mechanical 
or optical properties. During this period of time, the polyesters (weatherable 
and nonweatherable) and polycarbonate (weatherable) a l l  exhibited severe loss 
of mechanical properties. Of the reflector material samples, only the OCLI* 
silvered 
years solar exposure. The suppliers were not i f ied  of their  respective . 
material ' s  exposure results. 

UV stabilized polyester has shown promise af ter  an equivalent o f  2 4 

Samples w i t h  improved weatherability characteristics were received during and 
af ter  the industrial survey conducted i n  the early weeks of this contract. 
The most promising samples were sent to  Arizona for exposure testing i n  August ,  
1979. While most materials displayed improved UV resistance, very few came 
close to meeting the mechanical and optical goals s e t  by BEC and discussed i n  
the following section. 3M** provided a highly specular transparent polyester (93%), 
b u t  preliminary results show a roll o f f  i n  properties after accelerated exposure. 
Dow Corning applied an anti-abrasive coating to  the 3M material w i t h  the goal of 
improving i ts  abrasive resistance and weatherability. The in i t ia l  specularity 
fe l l  t o  89%; no exposure data  is  yet available t o  determine if  longevity has 
been increased. Dunmore aluminized some IC1 Mefinex llOW" and achieved fair ly  
h i g h  specular reflectance (89%), b u t  the material showed a fa i r ly  substantial 
loss in ultimate elongation after 3 months of accelerated testing. 

* Optical Coating Laboratories, Inc. 
**Minnesota Mining and Manufacturing Co. 



2.1 Industry Contacts 

A t  the i n i t i a t i o n  of the contract, suppliers were contacted by telephone 
t o  determine i f  mutual interest existed. If a supplier showed interest  i n  
participating i n  any way, a formal invitation l e t t e r  and film performance 
specification was sent. Goals of 92% transmittance (.14O cone angle) and 
93% reflectance (.14O cone angle) w i t h  minimal optical degradation and 
less than a 10% loss per year of mechanical properties were set. 
where I t  appeared mutually beneficial, meetings and tours were held either a t  
the supplier's p l a n t  or a t  BEC. 

Thirty suppliers were contacted w i t h  19 active responses. Some suppliers 
sent a variety of films and coatings. 
" f i r s t  cut" laboratory-made materials that  f e l l  short of the program goals 
b u t  showed promise for further improvement. 

The flow of candidates was continuous for several months rather than the 
two as originally planned. Table 2.1-1 shows the 30 suppliers 
contacted and their  respective responses. 

In cases 

In many cases, the coupons were 



SUPPLIER 

OPTICAL COATING LAB, 
SANTA ROSA, CA. 

WELDAHL 
NORTHFIELD, HINN. 

PENMSALT 
KIN6 OF PRUSSIA, PA 

Dow-CORN I ffi 
HIDLAND, HICH. 

NATIONAL HETALIZING 
CRANBURY, N.3. 

XCEL COW. 
HEWARK, N.J. 

HORTON CHEMICAL 
WOODSTOCK, ILL. 

PRODUCT 
LINE 

COATINGS 

FILMS & 
COAT I NGS 

COATINGS 

RESINS 

COAT I NGS 

COAT I NGS 

FILM 

COATINGS 

RESPONSE 

. COATED/SI LVERED/POLYESTER . HIGHTCOATING (AR) FOR POLYESTER & 

. COATEO/SILVEREO/KYflAR 
KY NAR 

. ACRYLIC COATED/ALWINI ZEDIPOLY ESTER . HIGH? COATING (AR) FOR KYNAR 

. ACRYLIC CoATED/SILVERED/PY ESTER 

. 2ND SURF. SILVERIZED POLYCARBlMATE . 2ND SURF. ALUHINIZED POLYCARBONATE 

. BIAXIALLY ORIENTED KYNAR 

. HIGHT'AND ABRASION RESISTANCE COATING 
FOR KYNAR, T E D L A R D  POLYESTER 

. CQATEDlALUM IN1 ZED/POLY ESTER . COATED/SILVERED/KYNAR 

. 3 MIL KORAD . ALUHINIZED WRAD 

. HIGH T COATING FOR TEDCAR . ANTIOXIDANT COATING AND ANTIABRASION FOR 
ALUM I N  I ZED POLY ESTER 



RESPONSE 

. U/V STABILIZED CELANAR (POLYESTER) 

. INTERNALLY STABILIZED POLYESTER 

. U/V STABILIZED POLYESTER 

. U/V STABILIZED POLYCARBONATE 

. ACRYLIC COATING ON U/V STABILIZED 
POLYCARBONATE 

POSSIBLE UEAMERABLE POLYESTER 

LONGER HAKING POLYCARBONATE 

POSSIBLE 2ND ITERATION U/V STABILIZED 
PETRA . 

. POSSIBLE MINATION SCHEME 

. POSSIBLE COEXTRUSION FILM 

. POSSIBLE U/V AND ABRASION RESISTANT 
COATING FOR HETALLIZED FILM 
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. 
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2.2 Screening Tests 

As samples were received from various suppliers, they were given i n i t i a l  
"screening" tes ts  to determine i f  mechanical and optical properties were w i  t h f  n 
acceptable range to warrant outdoor exposure testing. T h i s  determination was 
made w i t h i n  Boeing laboratories. 

Microtensile coupons were tested per ASTM 01708 for determination of yield 
strength, ultimate strength, and ultimate elongation. The microtensile coupon 
i s  used because of the limited amount of test material that  i s  usually available. 

Specular reflectance or specular transmf ttance was measured on reflector or 
enclosure candidate films, respectively. Specularity is measured by using a 
modified bidirectional reflectometer u t i l i z i n g  a 633 nanometer wavelength 
laser source and a variable aperture system (0.080 to. 0.590) t o  determine 
scatter.  
DK-2A spectrophotometer and a Gf  er-Dunkle integrating sphere, t o  provide 
transmittance w i t h i n  an acceptance cone angle of .5O for wavelengths of 250 
through 2500 nanometers. The results are  integrated over an a i r  mass 2 solar 
spectrum. The instrument accuracy of the transmittance and reflectance measurements 
i s  f 0.5%. 

I n  addition, specular transmf ttance can be measured using a Beckman 

A t  the s t a r t  of exposure testing over 4 years ago, BEC's specularity measuring 
techniques determf ned specular transmittance on the Beckman DK-2A spectro- 
photometer and specular reflectance on the modified bidirectional reflectometer 
a t  aperture openings of 0.5O (8.7 mr) and 0.140 (2.5 mr) respectively. The same 
measurement techniques were used during this contract for the purposes of consist- 
ency and comparison. 

Tables 2.2-1 and 2.2-2 show the samples t h a t  were selected for outdoor exposure 
testfng under this contract and the material identification used i n  this document. 
Table 2.2-3 shows samples whose exposure was ini t ia ted under a previous contract. 



a 

ENCLOSURE FILM 

SUPPLIER 

MORTON CHEMICAL 

MARTIN 

PENNWALT 

I C 1  

CEUVIESE 

CRYOYAC 

HOBAY 

XCEL 

3H 

D O W  CORNING 

MTERIAL 

o FLUOROCARBON (TEDU\R) 

o ANTI-REFLECTIVE ( A R )  COATED TEMAR 

o UV STABILIZED POLYESTER 

o BIAXIALLY ORIENTED FLWROCARBON 
( KY NAR) 

o INTERNALLY STABILIZED POLYESTER 

o UV STABILIZED POLYESTER 

o UV STABILIZED POLYCARBONATE 

o UV STABILIZED POLYCARBONAfE 

o ACRYLIC (KORAD) 

o AR COATED/INTERNALLY STABILIZED 
POLY ESTER 

o ABRASIVE RESISTANT COATED/AR COATED/ 
INTERNALLY UV STABILIZED/ 
POLYESTER 

T a b l e  2.2-1, Enclosure Pflaro Sent to B E T  

THICKNESS (MILS1 

1 

1 

5 

3 

3 

3 

6 

2 

3 

4 
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3.0 DESERT EXPOSURE TESTS 

3.1 Apparatus 

Plastic film samples that were selected for outdoor exposure t e s t s  were 
sent to Desert Sunshine Exposure Testing Facility (DSET) located 
i n  the Sonora Desert, 40 miles north of Phoenix, Arizona, Two exposure 
tes ts  were conducted, accelerated and real time. 

Real time exposure testing is performed on 45' elevation, south facing 
racks providing 1 sun exposure. Accelerated testing is performed on E M  
(equatorial mount w i t h  mirrors for acceleration) EM4A acceleration factors 
average o u t  to approximately 8 suns over a year's period of exposure, These 
machines track the sun equatorially and have an a i r  distribution system that  
forces air past the samples so that  their  surface temperatures are approximately 
the same as that of a sample on a south facing rack. As EMMA machines are  
non-operational during periods o f  low insolation, the sampl es are  protected 
from the environment during periods of inclement weather. 

Plastic film materials were cut i n t o  2 inch x 5 inch coupons. All reflective 
material coupons were placed inside of Kynar bags to simulate BEC's plast ic  
fllm heliostat  design. Figure 3.1-1 shows a close-up of two silvered 3 

polyester coupons inside of Kynar bags on a 450 elevation south facing rack, 
and Figure 3.1-2 shows reflector material coupons undergoing exposure testing 
on EMMA. The same testing techniques that  were used to  screen t e s t  the samples 
were used to t e s t  the samples a f t e r  outdoor exposure. The samples were 
optically measured before and af ter  cleaning. The materials were cleaned by 
imnersing them 5 minutes i n  an ultrasonic bath with detergent, rinsing them 
I n  d i s t l l l ed  water, then a i r  dr ied.  All optical values presented i n  this report 
were measured a f t e r  cleaning. Microtensile t e s t s  destroy the samples, so 
successive measurements are made on the same material, not the same sample. 



. 

. .  
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3.2  Test Results (Enclosure Films) 

Shown i n  Table 3.2-1 are the transpar t, t h f  fllm materials that  have been or 
are currently being exposure tes ted a t  DSET. Materials whose exposure testing 
was 
while the materials i n f t i a t e d  under t h i s  contract have had 6 months exposure. 

init iated under a prevfous contract have had up t o  24 months of solar  exposure 

After 24 months of real time and an equivalent of over 15 years o f  accelerated 
so lar  testing, the fluorocarbons, Kynar and Tedlar, have proven to  be the most 
promising of the enclosure films. Figures 3,201 and 3.2-2 give the ultimate 
elongation and specular transmittance of Kynar and Tedlar respectively. 
Experience has shown ultimate elongation to  be the f i r s t  mechanical property 
t o  e x h i b i t  signs of degradation. After an equivalent of 15.2 years Solar exPosure 
(2,781,000 lanclleys), Kynar e x h i b i t e d  a neqligible loss o f  specularity (0.5O Cone 
angle, a i r  mass 2 ) ,  and a 35% increase i n  elongation. During the same time, 
Tedlar decreased 4% i n  specularity and elongation. The results of real time 
testing a f te r  2 years (368,000 langleys), show that  Kynar had no change i n  
specularity and a 36% increase i n  elongation, Tedlar had a 2% loss i n  specularity 
and a 5% loss of elongation. 

The tes t  results of plastic films exhibit scat ter  i n  bo th  mechanical and optical 
properties as’ can be seen i n  Figure 3.2-1 and 3.3-2. T h i s  seems to  be an 
inherent problem of t h i n  film plastics and is  probably due to  non-uniformities 
i n  the orientation of the baslc film and non-uniformities resulting from coatings 
and i n  the case of ref’lective films, the metalftfng process. 

Shown i n  Figure 3.2-3 and 3.2-4 are the results from exposure testing of three 
polyesters and one polycarbonate that  was init iated over 2 years ago. All 
four materials los t  considerable mechanical strength i n  EMMA a f t e r  6 months. 
In a l l  cases, elongation was reduced to  near zero. The losses In  transmittance. 
ranged from 27% for the .Polyester A t0.602 for the Polycarbonate A. I t  was 
decided to discontfnue accelerated testing af te r  6 months. 

I 



Table 3.2-1. Enclosure Materials Undergoing Exposure Testing a t  ASST 

I DENT1 FIER 

Po 1 yes t e  r G 

F1 uorocarbon A 

F1 uorocarbon C (Lab) 

Polyester H 

Polyester A 

Polycarbonate C 

Acryl i c 

F1 uorocarbon C (Oriented) 

Polycarbonate A 

Po 1 yes t e  r B 

Polyester D 

Pol yes t e r  F 

Polyester E 

Fluorocarbon B ( A R )  

Pol yes t e r  C 

Fluorocarbon B 

Polycarbonate B 

SOLAR SPECULAR TRANSMITTANCE 9 

% (b .50 cone angle, (control 
value) 

93 

90 

* 89 

89 

89 

89 

a7 

86 

86 

86 

85 

85 

84 

83 

82 

79 

73 
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Polyester C, Polyester B and Polycarbonate A samples were UV s tab i l ized  b u t  as 
results show, the stabilization techniques used were inadequate. The suppliers 
were notified and samples w i t h  second 1 teration stabilization techniques are now 
being evaluated. 

The most promising of the transparent plastic films, whose exposure was 
init iated under this contract, are shown i n  Figures 3.2-5 and 3.2-6. 
Processing provided 5 m ’ l  Llumar which is  a UV stabilized polyester (Polyester 0) 
The Llumar t h a t  was expo.;ure tested before was 2 mil (Polyester C, Figures 3.2-3 
and 3.2-4) and i t  was f e l t  that  by increasing the thickness, the weatherability 
would be enhanced. The  exposure testing data  shows no loss i n  specularity and . .  a 
22% drop i n  elongation after 6 months of real time exposure. After the s a k  
exposure time, the 2 mil Llumar had shownan 82% drop i n  elongation. This 
material i s  also very specular w i t h  no change i n  transmittance through the 
various aperture openings of .080 t o  .59O (1.4 mr t o  10.3 mr). 

Martin 

Polyester E exhibited no loss of specular transmittance, b u t  the elongation 
decreased by 47%, from 101% t o  5496, af ter  6 months of real time testing. 
This degradation i s  quite typical of polyesters, as shown i n  Figure 3.2-5, 

elongation (% elongation a t  and  i l lustrates  the importance of the ultimate 
f a i  1 ure) values. 

A 5 .2  m (17 f t )  diameter gore formed dome 
and fabricated by Sheldahl under contract 
Oregon on Nay 6, 7979. The dome has rema 
surviving severe snow loading, 31 m/s (70 

out o f  the Polyester E material 
BEC, was installed i n  Boardman, 
ntact af ter  15 months, while 
wind storms and volcanic ash. 

The dome i n  the foreground on Figure 3.2-7 is the Polyester E dome installed 
a t  Boardman. 

The Fluorocarbon C (oriented) shown In and 3.2-6 is par t  o f  a 
run of biaxially oriented Unar made by Pennwalt under contract with BEC. 

made 
w i  t h  
ned 

mPh 1 

The material exhibi ted l i t t l e  or no loss o f  mechanical or optical values 
a f te r  6 months o f  accelerated or 6 months of real% time exposure. A West 
German firm called Bruckner oriented some Kynar film provided by Pennwalt 
and achieved equivalent results. 
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The acrylic sanples on the real time rack were the only materials that  were 
damaged dur ing  a hailstorm. Samples on ENM4 failed for an unresolved reason 
and then were probably destroyed by buffeting caused by the a i r  distributina 
system on EMMA. New samples were sent t o  DSET and again some failed. A 3- 
month  EMMA sample d i d  survive and displayed no loss of specularity; i t  had an 
unexplained increase of 24% i n  elongation, The real time samples were returned 
af te r  the hailstorm, and while a minimal loss of specular tkansmittance took 
place, the elongation values fe l l  89%. The material was p*bably buffeted 
by the storm after  failure and this could explain the substantial decrease 
i n  elongation. Acrylic looked promising due t o  its l o w  cosF and fa i r ly  
h i g h  specularity, b u t  thicker material should  be sent t o  DSET t o  see i f  the 
weatherability can be irrproved. 

I 

Polyester G had a very h igh  specular transmittance of 96% a t  the 633 
nanometer wavelength, b u t  when integrated over an a i r  mass 2 solar spectrum, 
i t  fe l l  off to 93%. After 3 months on EMMA, the material decreased 4% i n  
specularity and lost  784, of i t s  elongation. No real time testing data is  
yet available. The anti-reflective ( A R )  coating possessed a very low abrasive 
resistance. camples were sent to Dow Corning for application of an abrasive 
resistance coating. The coating decreased the specularity from 93% to 89%. The, 
material, called Polyester H ,  was recently sent to  DSET and exposure data was n o t  
available i n  time for publication i n  this report. 

The Polycarbonate C material had fair ly  h igh  specular values; and a f te r  6 
months of real time testing, the material exhibi ted a negligible loss of 
transmittance. The elongation decreased substantially from 104% t o  37%. The 
samples d i d  n o t  survive the EMMA testing, and were n o t  replaced because of the 
substantial decrease i n  elongation a f te r  6 months of real time exposure. 

Morton developed a coating t h a t  when applied t o  unpolished Tedlar, improved the 
specularity by 5% from 79% to 83% (Fluorocarbon B (AR) ) .  After 6 months o f  
real t4w and accelerated exposure, the coating retained its effectlveness. 
The Tedlar had an in i t ia l  low specular transmittance (79%) and i t  will. have t o  
be seen i f  the coating i s  as effective when applied t o  roll polished Tedlar. 



After 6 months of real time exposure, the elongation of Polyester F decreased 
85% from 106% t o  16%. The specularity decreased from 85% t o  83%. The 
accelerated testing results showed a decrease of 90% i n  elongation and 12% in 
specularity. The samples tested a t  DSET were taken from the roll of Polyester 
F t h a t  was shipped to  Sheldahl for fabrication of the dome shown i n  Figure 
3.2-7. The dome was installed a t  the same time as the other dome, b u t  a f te r  
10 months, a 10 cm tear was noticed i n  the polar cap, away from the seams. 
The tear was patched and the dome remained in tac t  u n t i l  3 months l a t e r ,  when 
d u r i n g  the wind gusts of 8 - 10 m/s (18 - 23 mph),  the dome failed. The 
dome will  be returned and tested for specular1 ty and mechanical properties 
a t  the polar cap, seams and base. I t  is  somewhat surprising t h a t  the dome 
lasted as long as i t  d i d  w i t h  the DSET results showing a substantial decrease 
i n  elongation a f te r  6 months of real time exposure. 

I 

I 

Polycarbonate B is a second iteration of UV stabilized polycarbonate t h a t  
has shown surprising good weatherability characteristics. T h e  material 
showed no change i n  elongation a f te r  6 months of real time testing and an 
unexplained 10% increase i n  specularity from 73% t o  82%. 

Table 3.2-2 shows the results of the Beckman DK-EA spectrophotometer transmittance 
t e s t  integrated over an a i r  mass 2 solar spectrum w i t h  an aperture opening of 
0.50. 
exposure of 2 years real time are shown. T h i s  table i l lustrates  one of the 
main differences between fluorocarbons and polyesters or polycarbonates. The 
polyester G material has the highest transmittance of any material t h a t  has been 
received by BEC t o  date, b u t  a t  the wavelengtn of 341 nanometers (UV),  the 
polyester has no transmittance as opposed t o  the 77% transmittance t h a t  the 
fluorocarbon has. The absorption of the UV band wavelengths by the polyesters 
and polycarbonates helps explain why the longevity of the materials is 
inferior t o  t h a t  of fluorocarbons. 

The control values of Polyester G and exposed Fluorocarbon C (Lab)  a f te r  
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3.3 Test Results (Reflector films) 

Shown i n  Table 3.3-1 are the reflector materials that  have been or are being 
exposure tested a t  DSET and their respective specular reflectance control 
values. Of the three reflector materials whose desert exposure was ini t ia ted 
under the previous contract (Figures  3.3-1 and 3.3-2), only the silvered 
Polyester 3 shows promise. After an equivalent of almost 4 years solar exposure, 
the material exhibited the inherent problem of polyester. 
reflectance has remained the same (94% a t  ,140 cone angle) b u t ,  the ultimate 
strength has dropped from 168 MPa to  75.5 MPa (24,400 psi to 10.950 psi) ,  
and the ultimate elongation dropped from 79% t o  8%. Accelerated testing of 
aluminized Polyester P and aluminized Polyester K was discontinued af te r  6 
months due t o  low reflectance values, The suppliers were notified and a 
second iteration of aluminized Polyester P is currently being tested. 

I t s  specular 

Figures 3.3-3 and 3.3-4 show the reflector films whose exposure was init iated 
under this contract. A1 uminited Polyester R retained i ts  specular reflectance 
of 88% af te r  an equivalent of 2 years solar exposure, b u t  decreased from 84% 
t o  44% i n  ultimate elongation. No real time data is yet available. 

Aluminized Polyester S i s  highly polished on one side, the polished side 
aluminized, and then coated w i t h  acrylic t o  protect the aluminum against 
moisture and oxidation. After an equivalent of almost 4 years solar exposure, 
i t  los t  5% of i ts  specularity and the ultimate elongation decreased 12% 
(Figure 3.3-3). The 6 month real time was n o t  available. 
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Aluminized Polyester V 
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Aluminized Polyester Q 

A1 umi n i zed Acryl i c 
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Aluminized Polyester i, shown i n  Figures 3.3-3 and 3.3-4, experienced a loss i n  
specular reflectance from 83% t o  72% while the elongation decreased from 69% 
t o  60% af te r  6 months of real time exposure. A second material (Polyester V ,  not  
shown i n  Figures 3.3-3 or 3.3-4) exhibi ted a substantial drop i n  elongation from 
56% to 5% and i ts  specular reflectance fe l l  from 73% t o  60%. The supplier was 
notified of the exposure results and since provided a t h i r d  i teration material 

has 
ca 1 
mater i a1 

improved UV res1 stance. 
density which will elim 
had an in i t ia l  specular 

(Polyester U) .  The substrate is a second generation, Melinex "OW" which 
Also ,  the material was aluminized t o  a high o p t  

nate the pin holes i n  the aluminum coating. The 
reflectance of 79% and exposure testing has been i n i  t i  ated. 

Si  1 vered Polycarbonate M is composed of 2.5 m i  1 
+ si lver  + adhesive + 14 mil polyester. Aluminized Polycarbonate N is  composed 
of 2 . 5  mil, UV stabilized polycarbonate + a luminum + adhesive + 14 mil polyester. 
The silvered material had an in i t ia l  specular reflectance of 85% which decreased 
t o  80% af te r  6 months of real time testing. During this same period of time, 
the aluminized material's specular reflectance increased a minimal amount 
from 66% t o  69%. As F i g u r e  3.3-3 shows, both elongation values increased. 
The aluminum and especially the silvered material showed substantial amounts 
of degradation for some unresolved reasons a f te r  being on EMMA for a couple of 
months. The silvered material had no reflectance and was too b r i t t l e  to 
subject to a microtensile tes t .  As Figure 3.3-3 shows, the specular 
reflectanceof the aluminum f e l l  from 66% t o  6%, b u t  the elongation increased 
from 136% t o  177%. 

UV stabi 1 i zed polycarbonate 

EMMA exposure of the materials has been discontinued. 

Two more reflector films (not  shown on graph) were sent to DSET to determine if 
aluminized acrylic or aluminized polycarbonate had good weatherability characteristics 
even though  both their in1 t i a l  specular reflectance values were low. Aluminized 
acrylic had a very low in i t i a l  specular reflectance of 27% and ' . 1 8 i i  decreased to  
11% af ter  6 months of real time exposure, The elongation value increased for  
an unresolved reason from 19% to-52X. 
t o  39% while the specularity shoived a minimal increase for the aluminized 
polycarbonate. 

Elongation values decreased from 63% 

. .  

. 34 
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4.0 CONCLUSIONS 

The fluorocarbons, Wnar and Tedlar, continue to exhibit the best weatherability 
characteristics. Accelerated and real time exposure testing has shown them 
to be resistant to  UV degradation. After an equivalent o f  over 1S'years solar 
exposure, Kynar and Tedlar have shown l i t t l e  or no mechanical o r  optical 

. degradation. 

The polyesters, polycarbonates and acryl ICs to  date have not demonstrated 
adequate UV degradation resistance. While changes made i n  UV stabil ization 
techniques and weatherable coatings have lmoroved the weatherabi 1 i ty 
characteristics, the materials s t i l l  fa l l  short of the goal o f  a 10 year l ife.  

The plastic industry recognizes the need for improving the weatherability o f  
polyesters. For example, IC1 has recently developed a second generation 
polyester that  i s  expected to have substantially improved UV resistance. 
Several vendors are currently working on improving the longevity of reflective 
materials by coatings or increasing the density o f  the aluminum deposited on 
the substrate. 



5.0 RECOMMENDATIONS FOR FUTURE WORK 
1 ,  

I ,  

The success of fluorocarbons i n  main ta in ing  optical and mechanical properties 
during weather exposure i s  encouraging. These materials merit additional 
development in both the enclosure and reflector applications. 

s 

Further attempts should be made t o  improve production techniques of biaxially 
oriented hynar. The first  attempt produced material of marginal specular 
transmittance (86%). The Kynar had poor surface quality and non-uniform1 t i e s  
i n  thickness which made bonding of gores diff icul t .  

The use of silvered Kynar as a reflective surface has met w i t h  l i t t l e  success 
due t o  two princiDal problems. The material t ha t  BEC has provided  t o  
metalizers has had poor surface quality causing a problem f n  'achieving a h i g h  
specular reflectance. Accordingly, the Kynar should be roll polished before 
any future me ta l i z ing  attempts. Also, there i s  an inherent problem of adhesion 
of metal t o  War.  One vendor solved this problem by i o n - p l a t i n g ,  b u t  the 
finished product was very non-specular. 

Additionai work w i t h  s i lver  on various substrates is needed.. Materials such 
as 3M's YS-91 have shown minimal degradation a f te r  short term exposure, b u t  
have low in i t ia l  specular reflectance values. Silvering would increase the 
specularity by a minimum of 4% t o  52. 

Further R&D work is  needed. 
b 

Modifications to polyesters, polycarbonates, acryl ICs and other films should 
be screened and exposure tested as they become available from suppliers, since 
potential cost advantages are Inherent. 

Exposure testing should continue on those fflms currently under test  a t  DSET 
u n t i l  i t  is  obvious t h a t  degradatfon rates are excessive or no useful information 
can be derlvcd. 
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