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Objectives 

STUDIES 

DEVELOP TECHF!O!OG'I BASE FOR MATERIALS WlTH 30 years LlFE WITH 
RESPECT TO PHOTOTHERMAL DEGRADATION 

DEVtLOP VALID ACCELERJ'XD PHOTOTHERMAL TESTING PROCEDURES 
FOR EVAI.UATI CK Of  ENCAPSUdNTS 

DEVELOP DATA BASE OF PHOTOTHERMAL REACTION RATES WlTH 
RESPECT TO PHOTGTH~?~,:AL STRESSES 

DEVELOP MODEL TO PRED!CT LlFE TIME ?F ENCAPSULANTS K I T H  
RES FECT TO PHOTOTYERMAL DEGRADATION 

DEVELOP NECESSARY STABILIZERS TO ACHIEVE 30 years LlFE 

Approach 

0 PARAMETRIC PERFCRMANCE CHARACTER !ZAT ION OF MATERIALS W lTH  
RESPECT TO PHOTOTHERMAL STRESSES 

0 MECHANrSTlC STUDIES OF FHOT0THERMP.L DEGRADATION AT 
MOLECULAR LEVEL 

U. Of TORONTO MICROMOLECULAR KINETIC MODELLING 

BROOKLYN TECH 0 SYNTHESIS OF STABILIZERS BASED ON MOLECULAR UNDERSTANDING 
OF DEGRADATION MECHANISMS 
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RELIABILITY PKYSICS 

, , Mechanistic Studies of Photothermal Degradation 

OBJECTIVES 

TO STUDY MECHAN l ST1 C PATHWAYS OF PHOTOTHERMAL D i G A A D A T I C N  

TO DETERMINE PHOTOTHERMAL REACTION RATES FOR MlCROhlOLECl lLAR 
K INETIC  MC9ELL ING 

APPROACH 

LASER - FLASH ESR SPECTROSCOPY TO DETERMINE KEY REACTION 
INTERhlEDlATES AND THEIR K INETICS 

ESR Spectrum of Photogenerated Carbon Radical 
in Vacuum at Room Temperature 



RELIABILITY PHYSICS 

Time Frotile of Tertiary Carbon Radical 
at Room Temperature 

12 sec ' 

ESR Spectra of Photogenerated Radicals 
in Air at Room Temperature 

20 G 
H 

OBSERVED 

TERTIARY CARBON RADlCAl  
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RELIABILITY PHYSICS 

Kinetic Studies of Photogenerated Tertiary Carbon 
Radicals as a Function of Oxygen Concentration 
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Mechanism of Photooxidation 
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PRELIMINARY RESULTS 
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RELIABILITY PHYSICS 

Conclusions 

IDENTIF lED KEY REACTION INTERMEDIATES 

DETERMINED RATES OF hEY DEGRADATION REACTIONS 

THERMAL EFFECTS ON PHOTOOXI DATION ARE BEING EVA!UAIED 

Performance Characterist~cs of Materials 
With Respect to Photothermal Stresses 

OBJECTIVE 

IDENTIFY PERFORMANCE CRITERIA 

GENERATE DATA BASE FOR MACRO PERFORMANCE MODEL1 I N G  

APPROACH 

PHOTOTHERMAL A G I N G  OF MATERIAL SPECIMENS 

TEMPERATURE 50°C, 70°C, 85OC, 105OC 
120OC. 135OC 

PARAMETERS MONITORED TRANSMITTANCE, WEIGHT 
LOSS, TENSILE MODULUS 



, RELIABILITY PHYSICS 

Transmittance Spectra of SunadexIEVAlPyrex 
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Mechanisms of Photothermally Induced Yellowing 

THERMAL INDUCED Y ;l.LOW!NG 

PHOTO INDUCFn YELLOWING 

PHOTO INDUCED BLEACHING 

VI 
S", 

50- 

;5 + 
8 * 

25 

-.- 8 weeks, 120°C, 0 SUNS 

0 I I 

- 

I ' i  
- i 

i 
i 
i 

- CONTROL --- 8 weeks, 120°C, 2 SUNS 



RELIABILITY PHYSICS 

Photothermally Induced Yellowing of EVA 

K . RATE Of OVERALL YELLOWING 

h, * RATE Of THERMAL INDUCED YELLOWING - 
khv 

- RATE Of PHOTO INDUCED YELLOW ING 

kL * RATE Of PHOTO INDUCED BLEACHING 

1 TEMPERATURE 

i' IF k 3 v  ' kh" 

RATE Of YELLOWING I N  DARK OVEN = RATE OF YELLZWING I N  CER 

iil I F  khv< khv 

RATE OF YELLOWING I N  DARK OVEN > RATE OF YiLLOWING IN C t R  

iiil IF  khv> khv 

RATE o f  YELLOWING IN DP.RK OVEN < RATE or YELLOWIK IN CLR 

Eveluation of k ~ ,  kh,, kt,, 

THERMALLY AGED V I R G I N  SAMPLE I N  DARK OVEN AT 1WC TO GENERATE 
YELLOWING 

THE YELLOW SAMPLE IS  THEN PHOTOTHERMALLY AGED I N  CER AT 5 SUNS 
AND 50oC TO EVALUATE THE BLEACHING RATE khy, (500) 

K I M ° C ~  = kA (50%) + khv lMoC)  - k;1b,1500C~ 

S INCE 

k3 150oC) AND knv1500Cl ARE SMALL 

THEREFORE 

Kl jOoCI - k;lv1500Cl 



RELIABILITY Pt IYSICS 

t SUNADEX I EVA I PY REv 
DARK THERMAL AC l NG 
AT 120%. 0 SUN 

SUNADEX I EVA I PYRM 
PHOTiITHERMAL AGl  NG 
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RELIABILITY PHYSICS 

p  ̂lo* I 1 I I 1 I 1 1 I 

n - SUNAOM I EVA I PYRM SUNADM I EVA I PYREX 
DARK THERMAL AGING PWTOTHERMAL AC l NG 

AT 50°C, 6 SUNS - 

- 
I 

- 

< 
0 1 2 3 4  5 1 2 3 4 6  

AGING TIME (weeks) 

1.0 2.0 
REMTIVE PHOTON ABS3RBED 

(ARBITRARY U N I T  

Conclusions 

IDENT!FY MECHAhi I S M S  OF PHOTOTHERMAI YELLOWING 

DEVELOP TECHN IQUES TO M O N  ITOR DIFFERENT MODES 
OF YELLOWING 

STUDIES OF TEMPERATURE EFFECT ON RATES OF YELLOWING 
AND ELEACH I N C  ARF E i N G  I N l T I A E D  




