
POLYMER-WATER INTERACTION STUDIES 

WILKES COLLEGE 

John Orehotsky 

Corrosicn in Solar Cells 

REQUIREMENTS FOR CORROSION 

@ DISSIMILAR MATERIALS 

CELL-TO-CELL POTENTIAL DIFFERENCES 

ELECTRICALLY CONNECTED CELLS 

IONIC CONDUCTING ELECTROLYTE (POLYMER) 

Ions in Polymers 

ABSORBED WATER IONS 

POLYMER IONS 

PLASTICIZER IONS 

UV ABSORBER AND STABILIZER IONS 

0 CROSS - LINKING AGEhT IONS 

CHAIN SCISSION IIONIZING RADIATION) IONS 



RELIABILITY PHYSICS 

dRIGINAL P A U  'ti' 
Studies 7F POOR QUALIT% 

I - WATER ABSORPTION AND DESORPTION 

KINETICS IN EVA AND PVB 

II  - HUMIDITY DEPENDENCE OF ELECTRICAL 

PROPERTIES OF EVA AND PVB 

111 - PLASTICIZER EFFECTS IN PVB 

IV - RADIATION EFFECTS IN PVB AND EVA 

WATER ABSORPTION AND DESORPTION KINETICS IN PVB AND EVA 

Weight Characteristics of EVA During 
Absorption and Desorption 

W Q :  WOD-UC.: 

Measured Apparent 
F i n d  Werfihl 
W.l#ht C h a n ~ e  
hmml l o m s l  



RELIABIL;TY PHYSICS 

TEMPERATURE DEPENDENCE OF THE 
NORMALIZED WEIGHT FOR THE INITIALLY 

FORMED SURFACED LAYER OF WATER 
DURING WATER ABSORPTION IN EVA 



: . .  i -i RELIABILITY PHYSICS 

. ,  1 

1 Temperature Dependence of the Normalized Weight 
for the Initially Lost Surface Laver of 

Water ~ u r i n ~  Desorption in E\/A 



rr {A- 

s' 
\ f '" - 
L 

I- ; ax- 

S 
Q 
X 

RELIABILITY PHYSICS 

Normalized Weight Change During Absorption 
and Desorption in EVA 

Time Dependence of Normalized Weight Gain 
in EVA Due to Water Absorption (40°C) 



RELIABILIl'Y PHYSICS 

Time Dependence of Normalized Weight Loss 
in EVA Due to Water Desorption (40°C) 



RELIABILITY PHYSICS 

Characterizing Rate Constraints for Water 
Absorption and Desorption in EVA 

irrnp. - B A - C - [I 
A bsorptron 

- 
( t lrs: '  I 

- 
( h r . .  - 1 1 2 )  

YCI'C . ono I. o . O I Y O  1 !*, 



8 

RELIABILITY PHYSICS 

Temperature Dependence of the Rate Corr.:snt f . 2 ~  First-Stage 



RELIABILITY PHYSICS 

Temperature Dependence of the Rate Constant for the 
Second-Stage Water Absorption and Desorptio~ I in EVA 

Activation Energies c :sd Pre-Expmential Factors fcr 
Water Absorption and Desorption in EVA 

A brorption 

Desorptron 

Absorption 

Derorption 

STAGE I q- Surdace F ~ l m  

STAGE I1 - Volume Diffusion 



11 

%'' RELIABILITY PHYSICS 

EVA Water Absorption Model - ~ A L  ~fii.32 B' 
oE POOR QUAtlTY 

H Q v # U T 0 p  
R W C W  'sf-: 



RELIABILITY PHYSICS 



. , .r.* 

~&<~ ; " . -  , >$*.j!. "W . . . . RELIABILITY PHYSICS p ~ ~ f i .  C, ;,-.A i"% 

1 - 

Weight-Gain Characteristics of EVA in Water Absorption 
Due to Surface-Film Formation and Volume Absorption 

T e m p e r a t u r e  \ \  1 %  W m :  W # / W o r  b 
I' > t a l  tota!  Total  
. . r l i / t - c  ~ r r y n r  Narr.-dlrted 

\ I  . c : "  <e,n > , . I  N'rignt Gain  

- , . r  g r a n  E \ ' 4  Due to 
S u r f a c e  F i l m  
Formation 

C ~ ~ S J  lgrnsl 

' 4.. . 7 ,- 1.285. 

Sclubility of H20 in EVA as a Function of Temperature 

TEMPERATURE ('GI 



RELIABILITY PHYSICS 

Equilibricm Thicknes:; of Absorbed Water 
Film on EVA as a Function of Temperature 

Energy Barrier for Condensation and Evaporation 
During the Stage I Kinetic Response in 

Water Absorption and Desorption on EVA 



RELIABILITY PHYSICS 

Water Interaction Comparison of EVA and PVB 

PVB E V A  

38 10 WATER SOLUBILIT < AT 60°C (wle) 

ACT IVATlON ENERGIES (Kcallmole) 

ABSORPTION 

STAGE l 

STAGE 11 . 

DESORPTION 

STAGE l 

STAGE ll 

STAGE I ABSORPTION RATE OF WATER 
PER GRAM OF POLYMER AT 25OC 
(gmsthr) 

STAGE I DESORPTION RATE OF WATER 
PER GRAM OF POLYMER AT 25OC 
(gmslhr) 



RELIABILITY PHYSICS 

HUMIDITY DEPENDENCE OF THE ELECTRICAL 
PROPERTIES OF EVA AND PVB 

Current Response to a 390-V Step Voltage for PVB (80°C)  



TIME (minutes) 



RELIABILITY PHYSICS 

Initial Transient Behavior for the Current Response 
to a 390-V Step Voltage for PVB (68OC) 



RELIABILITY PHYSISS 

Proposed Current Response to a Step Voltage 

Current tiesponse Parameters for PVB (80 C) 

T W l i  OtPC U O c  uC f . P 'I: 
T m A  e - * -  



RELIABILITY PHYSICS 

Current Response Parameters for PVB ( 6 8 O C )  

R C L * ~ V C  T I M  CU#W f; Ri  
HubUOlTY a1bJeC a A * t l m  .fit-- -3*; L- 

) (-*) (h) f&.J* a?k&NAEL *) 

Dependence on Relative Humidity of the 
Current Response Coefficients K~ and Kw 



RELlABlLiTY PHYSICS 

Ionic and Polarization Components of the 
Response Current vs RH (PVB at 80°C) 

, = 5 ( r 0 " ~ )  e r p  ( . I S M )  

= we s ,.z,f(,o- 8) c v  (a 1'W 



RELIABILITY PHYSICS 

Ionic Resistance vs Relative Humidity (80°C and 68OC) 
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Time Constants vs Relative Humidity for PVB (68 C) 
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;?adiation Effects on PVB Resistivity 
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