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. WATER ABSORPTION AND DESORPTION
i KINETICS IN EVA AND PVB

HUMIDITY DEPENDENCE OF ELECTRICAL
PROPERTIES OF EVA AND PVB

ie It ~ 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

Temperature ‘go." ted gﬁu g Weo: Wop-Weal Wem-Woel Woa-Wae' Woe-Woal
Humidity . ’*P‘:'-_, H v Measured Apparent True Weight »f Weight of
Pl Gopditions ;e: h!. Weight Final Weight Weight Imually Formed  Imtually Lost
e T O/ (%) ( m'.‘ {gms) Welght Change Change Surface Layes Surface Layer
] _ {mms) (gms} (gr.s} (gms) (@ms}
1
$5/0 *88/100 absorption 1. 600 1691 2.366 . 675 L1486 Nal -
$8/100+88/0 desorption 2 3bb 1. 750 1. 599 151 JT67 - L bl6
T 3/0-+75/100 sbeorption L. 821* 1914 2. 804 890 .983 . 093 -—
75/10075/0 desorption 2.604 2.388 1.824 . 564 . 980 - .4l6
$0/0~60/100 abaurption 1, 520¢ 1,575 2.593 i, 018 1,07 N -
$0/100-60/0 desorption 2-593 2 092 1.519 -8 1074 - &
$uU/) #50/100 absorption 1.670” 1647 2.56% 98 » 968 LudT -
$0/100=250/" desnriticn 2. 56% 2,194 1. 602 . 59¢ L9638 - L 367
$0/0 «30/100 absorption 1, 608° 1. 6ls 2,29% .y b5 Lol -
407100 +40/0  demorpticr. 2,295 2. 149 1. 603 . 546 .692 - , 146
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TEMPERATURE DEPENDENCE OF THE
NORMALIZED WEIGHT FOR THE INITIALLY
FORMED SURFACED LAYER OF WATER
DURING WATER ABSORPTION IN EVA
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RELIABILITY PHYSICS

Temperature Dependence of the Normalized Weight
for the Initially Lost Surface Layer of
Water During Desorption in EVA
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Normalized Weight Change During Absorption
and Desorption in EVA
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RELIABILITY PHYSICS

Time Dependence of Normalized Weight Loss
in EVA Due to Water Desorption (40°C)
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Characterizing Rate Constraints for Water
Absorption and Desorption in EVA
STAGEF. | . STAGE U
Wt At + B we
Woa "J-‘
'Lelng. A __B_ C
Absorption —_
thrst! (hrs. -1/ 2)
By "¢ . 080 1.0 . 0190
75°C . C80 1.0 0125
60°C . 0hR 1.0 010
50" .0M 1.0 L00K2
40°C .04 1.0 L0062
Desorption
-1 -1/2)
(rman. { nun,
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RELIABILITY PHYSICS

Temperature Dependence of the Rate Cop-.tant 5 First-Stage

. Water Ahearni i, and Desorption in EVA
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RELIABILITY PHYSICS

Temperature Dependence of the Rate Constant for the
Second-Stage Water Absorption and Desorption in EVA
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Water Absorption and Desorption in EVA
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EVA Water Absorption M ORiGH: AL Ffais*i w
ption Model OF POOR QUALITY
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Weight-Gain Charac:eristics of EVA in Water Absorption

Due to Surface-Film Formation and Volume Absorption

. Temperature \Woo Woal Weo o wWs/Woal Ws wy ! WY
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Equilibrium Thickness of Absorbed Water
Film on EVA as a Function of Temperature
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RELIABILITY PHYSICS

Water Interaction Comparison of EVA and PVB

WATER SOLUBILITY AT 60°C (w/0)

ACTIVATION ENERGIES (Kcal/mole)
ABSORPTION
STAGE
STAGE Il _
DESORPTION
STAGE |
STAGE Il
STAGE | ABSORPTION RATE OF WATER

PER GRAM OF POLYMER AT 25°C
(gms/hr)

STAGE | DESORPTION RATE OF WATER
PER GRAM OF POLYMER AT 25°C
(gms/hr)

220

PVB
38

4.2
6.3

16
7.1

2.5(10™%

9.9(1072)

EVA
10

0.7
5.1

€.1
5.1

6.1(1072)

5.5(107%)

.

#d

a}/f / " -

P:)
{

-



RELIABILITY PHYSICS

HUMIDITY DEPENDENCE OF THE ELECTRICAL

PROPERTIES OF EVA AND PVB

Current Response to a 390-V Step Voitage for PVB (80°C)
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RELIABILITY PHYSICS

Current Response to a 390-V Step Voltage for PVB (68°C)
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Initial Transient Behavior for the Current Response
to a 390-V Step Voltage for PVB (68°C)
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Proposed Current Response to a Step Voltage
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Current Response Parameters for PVB (68°C)
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lonic and Polarization Components of the
Response Current vs RH (PVB at 80°C)
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RELIABILITY PHYSICS
lonic Resistance vs Relative Humidity (80°C and 68°C)
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RELIABIL!TY PHYSICS

Time Corsstants vs Relative Humidity for PVB (68°C)
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Capacitance and (tan 6) vs RH (5C0 Hz and 68°¢()
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Current Response to a 350-V Step Voltage
for EVA at Various RH (%) Levels (68°C)
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RELIABILITY PHYSICS

Parameters for EVA (68°C)
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lonic Resistance and Initiai Conductance

vs Relative Humidity for EVA (68°C)
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Measure and Calculated Time Constants for
Capacitive Charging of EVA and PVB (68°C)

Humidity %

Time Constants (min.)
EVA

measured calculated measured calculated

PVB !

' 4 b
79 2.9 1.0(1075) 17 3.5(1073)
87 2.4 5.0010°5)| 17 3.5(1073)
46 1.9 1.4(10"% 1 23 4.2(1073)
28 1.2 4.0010°4)| 26 | 7.9(107%)
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RELIABILITY PHYSICS

Humidity Dependericies of Selected
Properties of PVB and EVA (68°C)

Capactad L-’x&v'm»\ﬁl/! Observed Dopandencres
D.&dcng PV EVA
=(¥h+¢] = 111 Jexe(-0184) =[ets M +4(] "’
JLLE F]" = 1 )exp(--0784) =~113(1) A +14(x")
# LA () ¢ —
# {t(H) = -4 IH+.6Y NGV LXE
= [SH* n)fgnp] = 0334403 = -LI9H +3)
= SHin = 284 +190 = 0JSH 4102
= Sy L = 200 H

Effects of Plasticizer on the Resistivity of PVB

PVB RESISITIVITY ( £L -cm)
UNPLASTICIZED 3(1019)
PHTHALATE PLASTICIZED 5(109)
PHTHALATE REMOVED 6(10'%)
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RADIATION EFFECTS IN PVB and EVA

Radiation Effects on EVA Resistivity
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Aadiation Effects on PVB Resistivity
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RELIABILITY PHYSICS

Conclusions

|. WATER ABSORPTION EXPERIMENTS
o FAST WATER DESORPTION KINETICS IN PVB AND EVA
& SLOW WATER ABSORPTION KINETICS IN PVB AND EVA
& WATER ABSORBED IN PVB IS LARGE

& WATER ABSORBED IN EVA IS SMALL

il. EL.ECTRICAL PROPERTIES OF PVB AND EVA
» IONIC RESISTANCE : RiFVB < RiEVA 102
® CAPACITANCE : cPYB > cEVA 101
e LOSS FACTOR : tan§PVB > tan$EVA 10°

& HUMIDITY DEPENDENCE : PVB > EVA
® WATER DIPOLE EFFECTS IN PVB

& NO WATER DIPOLE EFFECTS IN EVA

1. PLASTICIZER EFFECTS ON (ONIC RESISTANCE OF PVB
¢ Ri UNPLASTICIZED > Ri PLASTICIZED 105

IV. IONIZING RADIATION EFFECTS ON RESISTANCE OF PVB

AND EVA

e PvB: Ri ¥ As pose?

® EVA: Rit as poset
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Future Work

TEMPERATURE DEPENDENCE OF ELECTRICAL PROPERTIES
OF EVA AND PVB

UV LIGHT EFFECTS ON THE ELECTRICAL PROPERTIES OF EVA
AND PVB AS A FUNCTION OF HUMIDITY AND TEMPERATURE

EFFEST ON COMPOUNDING AGENTS ON ELECTRICAL
PROPERTIES OF PVB AND EVA

CORROSION EFFECTS IN SOLAR CELL MATERIALS

THEORETICAL MODELS FOR HUMIDITY DEPENDENCY OF
ELECT<iCAL PROPERTIES
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