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RELIABILITY PHYSICS N87-16437
COMPUTER MODELING OF PHOTODEGRADATION

UNIVERSITY OF TORONTO
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Construction and Operation of Solar Cells,
Modules, and Arrays
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RELIABILITY PHYSICS

Chemical Weathering Factors

SOLAR (UV) CYCLE
TEMPERATURE CYCLES

*  OXYGEN

MOISTURE

+ POLYMER COMPOSITION

- STRUCTURE
-— FORMULATION
== IMPURITIES

-—  ADDITIVES

Chemical Weathering Effects

MOLECULAR WEIGHT CHANGES

Scission: Embrittlement
Permeability y

P X

Crosslinks: Shrinking
Wrinkles

PHOTOTHERMAL OXIDATION

Unsc*'ration: Discoloration
Transparency

Polar groups: Electrical properties
Wettability
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RELIABILITY PHYSICS

Computer Simulation

INPUT
Mechanism (rates)

Conditions
Integration parameier

INTERFACE

Block of ordinary differential
equations

SOLUTION

Numerical integration
STIFF - GEAR

QUTPUT
Concentration vs. time
10-20 years

Starting Conditions

SUBSTRATE RH (cr. amorphous linear PE)
INITIATORS Ketone 10°3M

Hydroperoxide
Fortuitous
OXYGEN Constant I1073M

TEMPERATURE Ambient

RATES Literature (cf. fluid)
SOURCE Daylight
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The Mechanism: A Model of 51 Elementary Reactions

INITIATION RH

Q

R-C-R

R-0-O-H

PROPAGATION

RO + RH

ROOH

OH-+RH

RO-+RH
TERMINATION

R

Q
R-C: R
R-0- +O-R

RO
ROOH+R-
RO-+ OH-
HOH +R-
ROH+R:

RO, - RO5 —> RO —> Alcohol

v
R-0-0-R (crosslink)

RO, - RO, —> Ketone M seission
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! RELIABILITY PHYSICS '}

i Table 1. Data Set: Photooxidation Reaction Scheme and

i Activation Parameters :

}

E “

{ F

? Reaction matrix A ke 4l/mol {

'% 1. Ketons -—> KET* 0.0 x 107° 0 ;

' 2. KET® —> SMRO, + SMRCO 0.59 x 10° 4.8 ‘
3. SMRCO —> SMRO, + €O o.sox10t g5 '
s KET* —> Alkene + SMKetone 0.56 x 10° 2.0 |
5. SMKetone —> SMKET" 0.70x10™ o ?‘
6. SMXET® ——> SMRO, * CH,CO 0.32x10 gis ;
7. SMKET® —> Alkese + Acetone " 6.56x10° 2.0 '

) 8. ROOE ~——> RO + OH 0.13 x 10° v

.s. l\oz + RE —> ROOE -~ Roz 0.30 x 10" 17.0 F

; 'm.“ SMRO, + RE —? SMROOH - RO, 0.10 x 10"° 17.0 ‘f

f 1. SMROOH ——> SMRO + OH oasx16® i

; 12 SMRO + RE ——> SMROK - RO, 016410 4.2 ‘

1. RO + R —> RCE - RO, na6x10® 6.2 :

* 14. RO —> SMRO, - Aldedyde 0.32x10°  y7.4
15. KET®" =~ ROOH —> Kemue - RO + OH 0.25x10"° 1.8 |

: 15. SMKET" + ROOH ——> SMXetone + RO * OH  0.25x 10'° 11.6 g

: 11. SMRCO + °z -—>  SMRCOOO 0.80x 10 9.6 j i

é, 18.  SMRCO » RE —> RO, * Aldebyds 0.10x10 7.3 % '

f‘ 19. SMRCOOO + RH =D SMRCOQOH + uoz 0.10 x 10 11.0 ! :

20. SMRCOOOH =—> SMRCOO + OH o.3x1™ o

:‘Z 21. SMRCO0 —>  SMRO, + O, 0.a0x10™ g8
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RELIABILITY PHYSICS

ke

JL SO S SO

-

UNETE.. AU

- ' F

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

317.

0.

39.

40.

41.

43.

44.

SMRCOO + RH
OH * RE
CH,CO + RH
CB,CO + O,
CE,CO00 + RH
CB,CO00H
CH,COO + RH
KET®

SMXET"

KET® + o,
SMKET* + O,

ROz he ROZ

-
ROz ROH

BOO + RHE
BOO + noz
RO2 +-Ketone
PeroxyCO + RS
PEROOCE

' .RO + RO2
502 + ROCQE
RC)2 *~ SMROH
noz + Aldehyde

RO2 -+ ROZ

Table 1. (Cont’d)

_—

—

Acid + RO2
RO 2 ~ Water
noz + CHSCHO
CH:’COOO

H <+
C33C000h ‘ROZ
cuacoo + OH
cazcoon * Roz
Ketone
SMKetoos
Ketone + SOz

SMKetooe + 502

ROH + Kewaoe + 502

ROOH + Ketoge + HOQ

HOOH + RO?

ROOKE + SO2

ROOH + Peroxy CQ

PEROCH + ROz
PERQ - OH

DiXewna + ROOCH

ROOH + Ketone + OR

ROOR + Aldebyds + ROO

ROOH + SMRCO

ROOR + SO2

604

0.10 x 1010

0.10 x 1010

0.10x 1010

0.89 x 1034

0.10x 1o‘°

0132107

0.10 x 10*

0.10 x 10°

0.10x 1.09

0.89 x 104

0.99 x 104

0.25 x 1010

0.10 x 1010

0.32 x 109

0.32x 10s

0.13x l.()5

0.10x 1(!1°

0.13x 107

0.25 x 10*°

0.%5 % 10s

0.10x ‘.010

0.25x 1.0m

0.3% x 102

9.6

17.0

6.6

il dm —rm -
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RELIABILITY PHYSICS

45.

47.
48,
49.
§0.
51.
52.

53.

85,

5.

24
KETONE

A

UV shield

hv

SO, + Alkene
l'to2 + Alkens
SM!"&C)2 + Alksne
noz + QH
KET* + Q1
ROOCE + QD
ROOH

SMROOH
SMRCOOOH
08300008

PEROOR

Stabilization Mechanisms

Table 1. (Cont'd}
—_— O2

—> ROOH

—> Braach

—> ROOH

—> ROCH *+ Q
——> Ketoge + Heat
——3> PRODS

—> RO- +OH-
—> SMRO + OH
—> SMRCOO + OH
_ CH,COO + OH
—> PERO +OH

Bimolecular

A

Energy trans-
fer to quancher

~——

oA~

> ker® MEEBL p..péo -2—> o,

>

o

(=4

(=4

0

0

>

T\

Radical
trapping
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.63 % 10° 0
.20 x 1014 10.0
.16 3 109 1].6
.16 x 109 11.6
.16 x 10 5.2
.80 x 10% w:
.80 x 1013 9.5
83x10%° 35
.83 x 1015 as
.83 x 1015 35
83x10” 35
A3 x 1015 35
ROOH > RO+ OH-

L/

v O /RH

Decompose
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RELIABILITY PHYSICS

Photooxidation of Unstabilized Polvethylene

months

ty

Time to fatlyure as & fimction of light Inteveity

ROOH %> Ro. + OH-
(13

Ketoas 25> E. + RC=0
| T T
—
]
3
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Time to Failure as a Function of Temperature
&
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%0 290 %0 0

T (K)

Arrhenius Plot of Rate of Oxidation (k Versus 1/T)
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Flow Diagram for Computer Modelling

w/

READ IN CONCENTRATIONS FROM
FILE CONC1.DAT.

READ IN TAYTIME TEMPERATURE
AND REACTION RATES FROM
FILE RATEL.DAT
PHOTOCHEMICAL RFACTIONS °‘ON'

SOLVE RESULTING DIFFERENTIAL
EOUATIONS USING ThE STIFF~

Y

READ IN BASIC REACTIONS
AND CONTRGL PARAMETERS

GEAR METHOD. MAXIMUM INTEGRATION

TIME 15 12 HOURS
IF ACCUMILATED TIME IS LESS
THAN TOTAL 2I2UWElL TimE THEN

SET NIGHT FLAG, GG TO 1
ELSE

GO TO 2

T~

i NIGHT/DAY

2 &

—

PRINT AND PLOT

?

\

NIGHT

READ IN CUNCENTRATIONS FROM
FILE CONC2 .DAT.

READ IN NIGHTTIME TEMPERATURE
AND REACTION RATES FROM

FILE RATEZ.DAT

PHOTOCHEMICAL REACTIONS ‘OFF°*

SOLVE RESULTING DIFFERENTIAL
EQUATIONS USING THE STIFF-

GEAR METHOD. MAXIMUM INTEGRATION
TIME IS 12 HOURS.

IF ACCUMILATED TIME IS LESS
THAN TOTAL ALLUWED TIME THEN

A'

T

CONCENTRATION OF
£FECIES VERSUS TIME

SET DAY FLAG, GO TO 1
ELSE

Go T 2

Concentration of RO9e Versus Tirne

0.6 5

. mol/L (x 10 °)
g
w
=

bt hd e
~ w -

Concentration of ROz'

-3
h
—

14 14

Time, s (x 4.3 x 10%)
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RELIABILITY PHYSICS

Concentration of RH Species Versus Time

SPECIES

. =>RM

130.00

129.00

126.00

adon
z

co

26.00

1
4

125.00

g 4
- N
24
A
‘ -
o, .
o
-
Ny,
.00 «0.00 [Pl R |g_e": 32 220.00 40.00 2B0.00

e I A

ORIGINAL PAGE 5
OF POOR QuALITY
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Concentration of Ketone Species Versus Time

f- SPECIES

o =>XETONE

3.00 3.0
~

2.%0

‘P
»

.3C «C.00 00.00

+20.06 .52.00 200,00 260.00 ‘2'00.00
Tivg «10°
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Concentration of ROOH Species Versus Time

SPECIES

] s>A00H

ORIGINAL PAGE I3
OF POOR QUALITY

®.000  w0.00 8233 i €1 9t aoc 50 24000 280.00
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Concentration ot Diketone Species Versus Time

L

Tt B~ .

a2 -
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RELIABILITY PHYSICS

Concentration of ROO« Species Versus Time

0.20

0.8
i

SPECIES

x =>R02°

ORIGINAL PACE IS
OF POOR QUALITY

80 00

123 02
3

160 CO  2C3.00  242.00 290.00

LR
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0. 0.48

el

0.38

uio™*

0.9%2

CONC

0.20

t e . e b

-

AR R PSR WG DT, s o, e,

Concentration of ROO. Species Versus Time

SPECIES

a =>R02°

7Y At ——— et

n0.00

Wt

160.00 _2u0.00  320.00  400.00  480.00  560.00
TIME =10
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