PHOTO=

SOLAR CELL ENCAPSULANTS

Technical Manual

4
@ STR

ALIZED TECHNOLOGY RESOURCES, INC.




@ STR.

‘SPECIALIZED TECHNOLOGY RESOURCES, INC.

Table of Contents

Section Subject Page
1 Introduction 1
2 Product Line 2
Standard and Fast-curing Encapsul ants 2
Self-priming Encapsulants 5
User-Friendly 7
3 Encapsulant Shelf Life, Packaging, Storage, and Shipping 8
4 Laminates, Textures, Size, and Color 9
5 PV Module Processing 10
PV Component Assembly 10
Vacuum Lamination 11
Curing of PhotoCap® Encapsulants 13
Recommended Baseline Lamination/Processing Cycles 15
6 Appendix 19

Gd Content Determination Test Protocol 19



“$STR

‘SPECIALIZED TECHNOLOGY RESOURCES, INC.

List of Figures
Page
1. Encapsulant discoloration as a function of time 3
2. Shrinkage of various encapsulant brands 7
3. Adhesion strength to glass as a function of time 8
List of Tables
Page
1. Typica Properties of Cured PhotoCap® 4
2. PhotoCap® Adhesion Strength to Various Surfaces 6
3. External Primer Formulation 7
4, Genera Polycrystalline Module Construction 11
5. Genera Thin-film Module Construction 11
6. Time/Temperature/Percent Gel for Standard-cure EVA 15
7. Time/Temperature/Percent Gel for Fast-cure EVA 15
8. Baseline Fast-cure, UF EVA (X15420P/UF) — Vacuum Lamination/Cure Cycle 16
0. Baseline Fast-cure, UF EVA (15295P/UF) — Vacuum Lamination/Cure Cycle 16
10. Baseline Standard-cure EVA — Vacuum Lamination/Cure Cycle 17
11. Baseline Fast-cure EVA, Matte 2-side — Vacuum Bag/Autoclave Cycle 17



“PSTR.

‘SPECIALIZED TECHNOLOGY RESOURCES, INC.

1. Introduction

PhotoCap® encapsulants are based on an ethylene vinyl acetate (EVA) copolymer that is
specificaly formulated to provide structural support, electrica isolation, physical
isolation/protection, and thermal conduction for solar circuits, as well as to maximize the life of
solar cells. The chemica additive package found in PhotoCap® crosslinks the material to
provide structural integrity to the PV module under field conditions and to prevent encapsulant
degradation. PhotoCap® has been developed to provide:

Fast processing using lamination conditions compatible with other module
components,

Bubble and void-free lamination,

Dimensional stability during lamination,

Ease of handling,

Automation potential,

High light transmission,

Adhesion to module components,

Protection of the PV module against damage caused by environmental factors,
and

Cost-effective performance (greater than 20 years service life under proper PV

conditions).

All grades of PhotoCap® are based on two curing schedules: “standard-cure” or “fast-cure’.
With each encapsulant grade, a “self-priming” option is avallable that eliminates the PV
manufacturer’s need to apply an adhesive-promoting primer to the module surface prior to
lamination. Each encapsulant grade can also be manufactured through STR’s “User-Friendly”
(UF) process that eradicates residual stresses in the encapsulant; residual stress leads to
shrinkage upon lamination. Manufacturers typically must increase the lamination time to
manage encapsulant shrinkage. A non-shrink, UF encapsulant will increase the lamination
process window and reduce lamination process times. Furthermore, al encapsulants are

available in avariety of surface textures and colors (PM Sc595 Color Standard), and can be made
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pre-attached to various flexible substrates, superstrates, and backsheets (e.g. Tefzel, TPE,
polyester, etc.).

Typica properties of both standard-cure and fast-cure grades are summarized in Table 1. The
full physical and mechanical properties of all formulations are attained only after sufficient
curing of the encapsulant. Commercial modules constructed with PhotoCap® have passed the
rigorous IEEE 1262, IEC 61215, and UL 1703 qualification tests.

2. Product Line

Standard and Fast-curing Encapsul ants

The standard-cure encapsulant was the first, EVA-based material developed and utilized
commercialy by PV manufacturers. This particular encapsulant, designated A9918, has curing
times on the order of 20 minutes, depending on the temperature of the lamination process. The
fast-cure encapsulant, designated 15295, was developed after the introduction of the standard-
cure material. The 15295 encapsulants were formulated to improve photothermal stability over
A9918 as well as to reduce the curing time, and hence module manufacturing time, of the
encapsulant. Generally, fast-cure encapsulants can be processed in less than half the time of

standard-cures, again, depending on the processing temperature.

Between 1994 and 1997, under PVMaTl 3A subcontract ZAG-3-11219-02-105661, STR
characterized the mechanism that causes discoloring of the standard-curing encapsulant.
Discoloring of A9918 was due to a reaction between residua peroxide and stabilizing additives
within the encapsulant; 15295 was less susceptible to this reaction mechanism. Understanding
this discoloring mechanism led to the development of a new generation of EVA-based

encapsul ants that are formulated for enhanced UV/Thermal (photothermal) stability.

STR’s newest faster-cure encapsulant, 15420, allows manufacturers to laminate modules in
seven (7) minutes. In addition to the faster laminator throughput, 15420P has enhanced
photothermal stability that enables this formulation to be used solely with non-UV-screening
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glass. These advantages in curing speed and enhanced photothermal stability give manufacturers
the ability to increase their capacity without the purchase of additional capital equipment (e.g.
laminators, cell assembly equipment, etc.) and widen their choice of glass suppliers without
penalty to the encapsulant.

Figure 1 compares discoloration, as measured by Y ellowness Index, of STR’s formulations and
two (2) competitor's encapsulant material. Resistance to discoloration is perhaps the most
significant factor in selecting the proper encapsulant. An encapsulant that discolors in the field
will reduce module efficiency, potentially dropping the output below the power warranty and

leading to costly claims and a poor reputation for quality.

Weather-o-meter Exposure Using Non-UV screening
Glass (unless otherwise noted)

| ! | ! | ! | ! | ! | ! |
1 15420P

] = 15295P w/UV-screening glass
504 —— 15295P

45 | = A9918P

1 Competitor #1 fast-cure
Competitor #2

Y.l. (Yellowness Index, ASTM D-1925)
8
|

Exposure (weeks)

Figure 1. Discolorations as a function of time for various STR formulations compared to a
competitor. Accelerated aging performed in Xenon-arc weather-o-meter (XAW). Irradiance
occurs at 340 nm, producing 0.55 W/, equal to an exposure of approximately two (2) suns.
Approximately one (1) week in XAW equates to one (1) year in the field. EVA discoloration
starts to be detected by the naked eye at a Y .l. value of 10.
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Property Units  Test Method "Standard-Cure”  "Fast-Cure"
Ultimate Tensile Strength psi ASTM D-638 1,890 2,700
Ultimate Elongation % ASTM D-638 510 800-900
Y oung®Modulus (23°C) Ib/in®> ASTM D-638 890 755
Secant Modulus (1% elongation, Ib/in® ASTM D-882 1120-1130 -
23°C)
Optica Transmission % ASTM E-424 91 91
Glass Transition Temperature °C -43.0 -43.0
Hardness Shore A 69 69
Shore D 20 21

Vinyl Acetate Content wt % 32 32
Density glem® 0.96 0.96
Refractive Index 1.482 1.479
Dielectric Strength (25°C; 10 mil V/mil 1400 1600
film)
Volume Resistivity 9x 10 4x 10"
Water Absorption (18 mil film, wt % 0.70 -
55°C, 100% R.H., 16-h exp.)
Specific Heat W-g/g-°C 2.09 -
Thermal Conductivity W-mil/ft?-°C 9X 10 -
Infrared Emissivity (25°C) 0.88 -
Thermal Expansion

(Below T, (-43°C)) 09X 10*°C* -

(-43°C to +10°C) 20X 10*°C* -

(Above +10°C) 40X 10*°C? -
UV Cutoff Wavelength nm 360 360
Gel Content % 80 80

Table 1.Typical properties of cured PhotoCap®, EV A-based encapsulant.
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Sdf-priming Encapsul ants, Adhesion, and Bonding

Self-priming encapsulants are available for each formulation. In the self-priming grades, the
active primer ingredient is blended into the EVA resin resulting in an encapsulant that can bond
directly to module surfaces during lamination without a separate priming step. These self-
priming grades are designated by a “P” suffix. For example, “15295P” is STR’s fast-cure, self-
priming encapsulant grade. Table 2 shows typical adhesion strength of 15295P against various
substrates and surfaces. Thorough cleaning of glass and cells prior to lamination is

recommended to ensure optimum adhesion strength.

Environmenta stresses on PV modules can be severe, especially humidity, which can affect
encapsulant adhesion. A series of tests were conducted to focus on changes in encapsulant

adhesive strength under various environmental conditions:

1. Following 500 hours exposure in arid conditions at 0% R.H. and 85°C,
samples suffered little loss of adhesive strength. They retained 90 percent of
their original bond strength.

2. Following 10 days of humidity-freeze cycling, from +85°C to -40°C at a
humidity level of 85% R.H., the change in encapsulant adhesive strength was
an approximate 50 percent loss.

3. Following 500 hours at 85% R.H. and 85°C, the effect on encapsulant

adhesive strength was more than a 50 percent reduction.

It should be noted that under the above environmental conditions, the encapsulant’s adhesive
strength remained sufficient to resist delamination within the PV module. Adhesive strength

should recover after the moduleis alowed to equilibrate to normal conditions.

Adhesion strength of self-priming EVA is also affected by storage conditions and shelf life.
Please refer to Encapsulant Shelf-life, Packaging, and Storage section.
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As an dternative to "self-priming" PhotoCap®, some PV module producers may find it desirable
to apply an externa primer to the module components and surfaces. An appropriate primer
concentrate formulation that is extremely effective for bonding PhotoCap® to glass, solar cells,
and many other surfaces is presented in Table 3. It is comprised of a small amount of organo-
silicon compound and an amine catalyst dissolved in methyl alcohol (methanol). The dilute
solution may be applied by spray, brush, or dipping, and dries rapidly to leave an extremely thin
layer of active ingredients. Please remember that adequate bond strength will not be achieved
unless the encapsulant is properly cured.

Surface Adhesion (Ib/in)
Glass 40
TPE (Madico) > 50
Icosolar (Isovolta) 18 - 25
Tefzel (DuPont) 5-6
Ponester___(DuPont— > 50
Teijin)

Table 2. Adhesion strength to various surfaces.

To use the externa primer, dilute the formulation to 1 percent active primer in methyl alcohol.
Anhydrous or dry methyl alcohol is desirable for this preparation. As the solution is a coupling
agent as opposed to an adhesive, thin layers are much more effective than thick coatings, and a

single application with the dilute solution results in high strength and reliable bonds.

Following primer application, allow the solvent to evaporate from the primed surfaces prior to

bonding. Thistakes approximately 15 minutes.

Also, as the primer is extremely hygroscopic, care should be taken to minimize unused primer
solution exposure to open air. The primer solution should be stored in a refrigerator for optimum

storage conditions.



External Primer Formulation

Component

Composition

Gamma-methacryl-
oxypropyltrimethoxy
Silane®

Benzyl Dimethyl Amine?

2,5-dimethyl-2,5-(t-
butylperoxy) hexane®

90 parts by weight

10 parts by weight

1 part by weight

%
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¢

Table 3. 1. Dow Corning 26030 or Union Carbide A-174, 2. Consult MSDS for handling
precautions, 3. Elf-Atochem Lupersol 101 or R.T. Vanderbilt Varox DBPH.

“User-Friendly” Encapsul ants

Encapsulant Shrinkage

127

107

STR Comp. A
15295P/UF

Comp. B Comp. C

% Change

Figure 2. Encapsulant shrinkage for various manufacturers.

All encapsulant formulations can be manufactured via STR’s proprietary, “User-Friendly” (UF)

process. The UF process is a method of manufacturing non-shrink encapsulant sheet. UF

encapsulants do not shrink during the lamination process; eliminating shrinkage-induced void

formation. UF products therefore tol erate aggressive temperature ramping during lamination, and

permit higher throughput.
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3. Encapsulant Shelf Life, Packaging, Storage, and Shipping

The effects of long-term storage and shelf life on STR's EVA-based encapsulants have been
studied and characterized. The major impact of long-term storage of encapsulant materials was
observed with the adhesive strength. As figure 3 demonstrates, adhesion strength of the
encapsulant decreases with time. This decrease in adhesion was due to moisture penetration of
and absorption by the primer component blend in the encapsulant, which is responsible for the
adhesion. Specifically, moisture attacks the coupling functiona sites of the primer component,
reducing the coupling activity of the primer. Unlike adhesion, gel content is not affected by

storage time.

60 ~+——————1——————1——————T———T————————T———1

Adhesion (Ib/inch)

time (months)

Figure 3. Adhesion strength to glass as a function of storage time. Samples were stored at
ambient conditionsin 2 mil polyethylene bagsin the dark.

To improve the shelf life of our encapsulant materials, STR offers a premium packaging option.
This packaging option extends the shelf life of our encapsulants from six months to one year.
Using our standard packaging (opagque polyethylene bag plus auminum foil wrap), PhotoCap®

encapsul ants should be used within 6 months of manufacture.

All encapsulant materials should be protected from humidity, direct sunlight, and storage
temperatures exceeding 90°F (32°C). Storage at sub-freezing temperatures has not been found to

result in any performance disadvantages. However, care should be taken to prevent
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condensation from forming on the rolls. To minimize moisture absorption by the primer and to
prevent dust attraction and accumulation, the product should be maintained in its origina
packaging. It is further recommended that the first winding of new or partialy used rolls be
discarded prior to use. Film cut to size for lamination the following day should be protected

overnight.

For shipping, rolls are individualy boxed, or aternatively packaged in Gaylord containers.
Specia packaging requirements, including oversized rolls up to 30 in (76.2 cm) diameter, are
available upon request. All shipments are EX-WORKS Enfield, Connecticut, USA 06082.
Since the encapsulant exhibits strong blocking characteristics, the product is interleaved with

release paper unless otherwise specified.

4. Laminates, Textures, Size, and Color

PhotoCap® is aso available laminated to various materials such as non-woven fiberglass scrim,
TPE (Tedlar/Polyester/EVA), TPT (Tedlar/Polyester/Tedlar), Tefzel, and other dternative
backsheet materials. Laminated encapsulants facilitate automation and/or increased efficiency in

the manual lay up process, while offering awider process window.

A variety of surface textures are available, ranging from a tacky mirror finish to a non-tacky

matte finish on either one or both sides. Surface texture should be specified at the time of order.

Residual air or other gases that can be trapped in the module during lamination will result in
bubbles, future delaminations, or even module failure in the field. A textured encapsulant
provides effective evacuation from the module assembly compared a non-textured or less

textured encapsulant.

Furthermore, a smooth, mirror finish gives a very tacky surface to the encapsulant. Materias
with this smooth texture easily adhere at the surface. Encapsulants finished with our most
textured specifications, 936 and UF textures, do not have a tacky surface; it can be balled or

crumpled together, yet the encapsulant sheet will not adhere to itself on the surface.
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PhotoCap® is normally supplied in 500 ft* or 50 M? rolls, @ 0.018 in (0.46 mm) thickness on
either 3in (7.5 cm) or 6 in (15 cm) diameter cardboard cores, as specified. Rolls are normally
packaged to weigh approximately 55 Ibs. or 25 kilos to facilitate handling. Larger rolls are
available on request. Custom widths to a maximum of 65 in (1656 mm) and thickness up to

0.040 in (1.52 mm) are available, but may be subject to minimum order requirements.

In addition to the standard optically clear grades, PhotoCap® encapsulants are available in any
color that is certifiable to the PMS 595 Color Standard. Quantities are subject to minimum order

requirements.
5. PV Module Processing with PhotoCap®

Over 18 years of industrial experience has resulted in development of successful and predictable
techniques for fabrication of PV modules employing PhotoCap® EV A-based encapsulants. The
PV module consists of severa layers or components. Prior to the final assembly of the module,
the module layers are laminated together. Lamination melts the encapsulant to allow it to flow
and surround the cells; cures the encapsulant to set the material in place; and binds the PV
components into one, functional unit. Vacuum lamination is the most common method of

processing PV modules.

PV Component Assembly

The components of the module must be assembled into a “sandwich” before laminating. The
sandwich is placed into the laminator such that the load bearing component, either the substrate
or superstrate, is against the heated platen of the laminator, and the diaphragm of the laminator,

which presses the module, is in immediate contact with the sandwich.

There are two genera types of modules; crystalline or polycrystalline silicon modules and thin-
film modules. Polycrystalline modules have devices that are made with a string of cells. The

typical construction of polycrystalline modulesis as follows:
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Layer Function
1. UV-screening low iron glass (or Superstrate
Tefzel)
2. PhotoCap® EVA-based encapsulant
3. Solar cells Cell string/PV device
4. PhotoCap® EVA-based encapsulant
5. Glass backing or flexible Substrate
backsheet

Table4. Genera polycrystalline module construction.

Thin-film modules are different from polycrystalline modules in the fact that the photovoltaic
device is vapor deposited onto the glass substrate, eliminating the need for an encapsulant layer

between the device and glass substrate. Therefore, atypical thin-film module construction is:

Layer Function
1. Glass/Solar cell composite Superstrate/PV device
2. PhotoCap® EVA-based encapsulant
3. Glass backing or backsheet Substrate

Table5. Genera thin-film module construction.

Vacuum Lamination

A laminator consists of a double-sectioned "picture frame" enclosed on the top with a meta plate
and a heated platen on the bottom; aflexible diaphragm separates the upper and lower chambers.
Both chambers are equipped for controlled air evacuation and return to atmospheric conditions.
While the top chamber is permanently fixed, the bottom chamber is formed on closure of the
laminator, i.e. the bottom portion of the picture frame contacts the heated platen over a silicone
rubber gasket to form an airtight seal. It is within this bottom chamber that PV module

|amination occurs.

The lamination process consists of the following steps:

1. Load the PV module assembly (i.e. sandwich) into the lower chamber.
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2. Evacuate air from both the top and bottom chambers (pump-down cycle),

3. Heat the module assembly, initiating melting and subsequent curing of the
encapsulant.

4. Repressurize the top chamber by releasing the vacuum, thus causing the
diaphragm to place a load on the module assembly (press cycle). The press
cycle should start when the sandwich has deaerated to 1 Torr or less, and the
encapsulant has softened (encapsul ant temperature of 130-150°F or 55-65°C).

5. Continue the heat and press cycle until time and temperature exposures are
adequate to result in sufficient curing levels of the encapsulant (~80% gel
content).

6. Remove module from laminator once cured. There is no need to cool the
module, as the EVA is now cured and therefore will not flow. However, the
EVA will still be soft, so care should be taken in handling the module. Rack
cooling is thus recommended, where the module is supported from the

superstrate or load-bearing layer.

This sequence of operations permits the PV module assembly to be continuously evacuated
throughout the entire lamination process for removal of air and volatiles. As mentioned above,
repressurization of the upper chamber (step 4) places a load on the module to prevent bubble
formation and encapsulant movement. Best results are obtained when repressurization is
initiated at an encapsul ant temperature between 130-150°F or 55-65°C.

To ensure complete air removal, especialy for PV modules having large surface areas, the use of
air release layers incorporated into the module assembly is possible.  Non-woven fiberglass
scrim has proven effective for this purpose and can be used above the active surface of the solar
cell without optical penalty. One appropriate product is Craneglas 230, a 0.005-inch nonwoven
manufactured by Crane & Co., Dalton, MA, USA. (distributor is Electrolock, Inc., Chagrin Falls,
OH, USA). PhotoCap® encapsulants are available in laminate forms with the fiberglass scrim.

During lamination, it is recommended to employ athin, Teflon®-impregnated or silicone-release

layer above and below the PV module assembly to completely cover the module while in the
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laminator. The release layer will prevent excess molten EVA from contacting the heated platen
or flexible diaphragm. Ideally, this release layer should be as thin as possible to prevent heat

insulation between the modul e assembly and platen.

Curing of PhotoCap® Encapsulants

During the lamination cycle, heat is applied to the PhotoCap® encapsulant sheet for two reasons:
to allow the encapsulant to melt and flow around the cells, displacing air within the module, and
to initiate crosslinking of the encapsulant to result in a flexible thermoset-like material. Proper
crosslinking or curing to a gel content level of 80% or greater has been proven to ensure the PV
module®longevity. Improperly cured encapsulant retains its thermoplastic behavior, flowing or
creeping when exposed to solar heat. Excessive flow may result in failure of the encapsulant to
protect the PV module from environmental attack. PhotoCap® that is fully cured to a thermoset
will no longer melt, offering excellent resistance to creep, and ensures proper bonding of the

encapsulant within the module.

Curing (crosslinking) of the PhotoCap® encapsulant isinitiated by thermal decomposition of one
or more crosslinking additives contained within the encapsulant sheet. The curing additives©
decomposition occurs at a predictable rate, which is temperature dependent and characterized by
its half-life, the period of time required for one half of its initial concentration to decompose.
Variations in lamination conditions dramatically affect the cure rate of the encapsulant.
Therefore, individual laminate cure profiles should be developed and qualified for each PV

module assembly on each laminator to be employed.

Qualification of the encapsulant® degree of cure can be accomplished by measuring gel content.
This chemical method allows for determination of the percentage of encapsulant that has become
insoluble in solvent due to crosslinking reactions. The greater the gel content, the more efficient
the cure. The test protocol for determination of gel content is presented in the Appendix (Gel
Content Determination). Through empirical thermal creep determinations using PhotoCap®
encapsulant, it has been determined that a gel content level of approximately 55% will prevent

encapsulant flow at elevated temperatures, as might be encountered in fielded PV modules. To
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reach this conclusion, experimental samples were prepared by compression molding encapsulant

at avariety of temperatures and dwell times.

A simple, qualitative test was also developed to qualify satisfactory cure levels. This test method
(oven creep test) consists of suspending cured EVA strips with a weight (approximately 3 times
the encapsulant weight), in an oven at 95°C or greater with a standard distance marked between
two points (A & B). The weighted strips are oven exposed for a minimum of 10 minutes. Cured
EVA strips maintained their original measured distance between points A & B; those uncured
demonstrate elongation caused by melting or softening of the EVA. Correlation between the
qualitative oven test and the quantitative gel test indicates that a minimum cure level of 55% has
been achieved when the sample passes the 95°C/10-min. oven test. When employing this
qualitative test, observe the following notes:

1. Use release paper or afoil pan on the bottom of the oven to prevent uncured
test pieces from sticking,

2. STR generally uses samples of EVA sheet cut to 17 wide by 4” long with
marks set 2 apart for measuring creep/elongation, and

3. STR typicaly uses binder clips on each end of the sample — one for

suspending the test piece and the other as the weight at the bottom.

Remember that the oven creep test is only a qualitative test; exact gel levels can only be
determined by chemical analysis.

Crosslinked percentages, as determined by gel content, as a function of time and temperature are
presented in the following tables (Tables 6 and 7) for both standard-cure and fast-cure grades.
These tables should be used only as an initia guide when establishing processing conditions.
Due to variations associated with PV module design, lamination equipment, etc., deviations from
the data presented below should be expected. It is strongly recommended that gel content
determinations are made on trial modules fabricated using the actual lamination equipment and

process to be employed.
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Time/Temperature/Percent Gel for “Standard-cure” PhotoCap® Encapsulant A9918P
(m-:—:]r:tis) 110°C 120°C 130°C 140°C 150°C 160°C
2 - - - 1.0 41 29.5
5 - - - 11.8 21.1 73.0
10 - - 1.0 235 63.2 82.6
15 - - 2.3 59.3 88.3
30 - - 3.4 68.2

Table 6. Time/Temperature/Percent Gel for standard-cure EVA.

Time/Temperature/Percent Gel for “Fast-cure” PhotoCap® Encapsulant 15295P
(m-li-rithees) 110°C 120°C 130°C 140°C 150°C 160°C
2 - - 0.0 73.4 81.5 84.2
5 - - 60.3 83.7 88.6 91
10 - - 75.0 88.2 91.6 92.3

Table 7. Time/Temperature/Percent Gel for fast-cure EVA.

Recommended Basdline Lamination/Processing Cycles

The lamination process that results in the production of quality PV modules depends on module
configuration, uniformity and rate of encapsulant heating, the laminator® air evacuation
efficiency, encapsulant temperature at the time of pressing, and ultimate encapsulant temperature
and dwell time. Once the module assembly is ready for lamination, a controlled process cycle
specific to the PV components and lamination equipment must be employed to manufacture

reproducible PV modules.

For lamination process development, initial lamination trials should be conducted using a series

of thermocouples located within the module assembly. A thermocouple should be placed against
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the EVA at the module® center and in proximity of the four module corners. Encapsul ant
temperature will vary across the module due to non-uniform platen temperatures and bowing of
glass superstrates during heat up. Caution; the platen temperature will normally not reflect the
encapsulant temperature.

Presented in the following tables are recommended baseline lamination processing cycles for
fast-cure and standard-cure PhotoCap® encapsulants. These processing parameters have
resulted in consistent, reliable PV modules when used with generic PV module assemblies
laminated via vacuum lamination, vacuum bag, and autoclave. These cycles should not be used

in production until verified on your specific equipment by gel content testing.

Encapsulant: 15420P/UF

Process: Vacuum lamination/Cure
Module type: Glass/EVA/Cells/EVAITPE
Platen temperature: 175°C

Vacuum pump time (pump-down cycle): 4 minutes

Lamination time (press cycle): 3.5 minutes

Table 8. Baseline faster-cure, UF EV A (15420P/UF) — vacuum lamination/cure cycle.

Encapsulants: 15295P/UF

Process: Vacuum lamination/Cure
Module type: Glass/EVA/Cells/Scrim/EVA/TPE
Platen temperature: 150°C

Vacuum pump time (pump-down cycle): 4 minutes

Lamination time (press cycle): 8 minutes

Table 9. Baseline fast-cure, UF EVA (15295P/UF) — vacuum lamination/cure cycle.
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Encapsulants: A9918P

Process: Vacuum lamination/Oven post cure
Module type: Glass/EVA/Cells/EVAITPE

Platen temperature: 150°C

Vacuum pump time (pump-down cycle): 4 minutes

Lamination time (press cycle): 2 minutes

Oven temperature: 140°C

Oven cure time: 24 minutes

Table 10. Baseline standard-cure EV A — vacuum lamination/cure cycle.

Encapsulants: 15295P/936/936

Process: Vacuum bag/Autoclave
Module type: Glass/EVA/Cells/EVA/Glass
Vacuum pump time (pump-down cycle): Entire cycle

Autoclave temperature: 150°C

Autoclave pressure: 15 psig

Autoclave time: 10 minutes

Table11. Baseline fast-cure EVA, matte 2-side — vacuum bag/autoclave cycle.

The above processing conditions have been used when the laminator or autoclave is preheated to
the desired processing temperature. It is recommended that a release layer (Teflon impregnated
or silicone rubber) is above and below the module assembly to prevent excess encapsulant from
adhering to the diaphragm or platen. Evacuation of the assembly should continue until 1 Torr or
less is achieved. At the proper evacuation pressure and once the encapsulant has softened (55-
65°C), the module assembly is ready to be pressed. After the moduleis cured to the proper level,
it can be taken out immediately from the laminator. Care should be taken when handling the
module because the encapsulant will still be soft. Rack cooling is thus recommended, where the
module is supported from the superstrate or load-bearing layer.
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It must be emphasized that the time/temperature required to fully cure the PhotoCap®
encapsulant may vary with different equipment and PV module assemblies. The time and
temperature cure relationship is not a simple function. Ultimate encapsulant temperature, heat
transfer rates, and inhibition by air can cause the rate and degree of cure to vary from process to
process. The lamination process described herein has been employed for the production of
numerous experimental units and has resulted in good, quality PV modules of reproducible cure

and appearance.

The above PhotoCap® lamination cycles should serve as a useful guide and starting point for the
manufacture of PV modules in a production environment. However, they are by no means the

only effective lamination cycles.
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6. Appendix

1.
Test Protocol for Determination of Gel Content of Crosslinked EV A-based Encapsul ants
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Scope and Purpose

The gel content (insoluble fraction) produced in ethylene vinyl acetate plastics by
crosslinking can be determined by extracting with toluene. Such extraction methods are
described herein.

Unusual Safety Precautions

Tolueneis aflammable substance. It should not be used near open flames.
Use this chemical in afume hood.

Wear safety glasses.

Wear chemical resistant gloves.

Read the Material Safety Data Sheet for toluene before using this chemical.

Principle of Method

The purpose of the method is to determine the gel content of the EVA. Gel content
provides a means of both controlling the process and rating finished product quality.

In thermal creep tests at 90°C, it was found that approximately 55 percent gel content
prevented resin flow. Previously, agel content of 65 percent was regarded as an
acceptable limit. However, accelerated aging experiments indicate that crosslinking or
curing to alevel of 80 percent or greater is essential to ensure the PV module®longevity.

Fundamental Equations

None

Conditioning
None

Precision and Accuracy

The precision and accuracy were determined to be 2 percent.

Apparatus
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Analytical balance

Vented calibrated oven

Desiccator

Glass jars equipped with foil-lined caps

"Low Form™ weighing bottles with covers

Filter Paper (Whatman No. 54 size 15.0 cm)

Glass funnels (large enough to hold the filter paper)
Beakers (for toluene waste filtrate)

Reagents
Reagent grade toluene

BHT Antioxidant ("lonol," 2,6 di-Tert-butyl-4-methylphenol)

Standar dization

None

Sample Preparation - Performed in Duplicate

Cut two inches from all four sides of the cured 12-inch x 12-inch sample. Discard this
two-inch border.

Sample from the middle section of the cured sheet.

Cut a 1.0-gram sample.

Weigh the sampleto the nearest 0.1 mg. Thisisyour W1 weight.

Place the weighed sample in alabeled glass container jar.

Procedure

Fill aglass container with enough reagent grade toluene to perform duplicate analyses,
i.e.,, 100 ml per sample (when doing duplicates, one will need 200 ml total, 100 ml per
sample).

Add enough antioxidant to obtain a concentration of 0.1 percent (for example, 100 ml of

toluene will require 0.0865 g of BHT, density of toluene is 0.865 g/ml).



11.3

114

115

116

11.7

11.8

119

11.10

1111

11.12

11.13

11.14

11.15

11.16

11.17

11.18

11.19

11.20
11.21

Add tolueneto jars. Swirl the contents two timesto distribute the BHT (two swirls
performed at once).

Cap thejars.

Place the sample jarsimmediately in the oven preheated to 60°C.

The sample jars must remain at 60°C for aminimum of 20 to 24 hours.

While the samples are in the oven, dry the filter paper, weighing bottles, and coversto be
used.

The filter paper, weighing bottles, and covers must be dried at 105°C for two hours. This
should be done prior to removing the extraction samples from the oven at the end of the
minimum 20-hour time period.

Preheat an oven at 105°C.

Pre-weigh the "Low Form" cylindrical weighing bottles, covers, and filter paper.

Place the weighing bottles, covers, and filter paper in the oven for two hours. Thisall can
be dried during step 11.6.

At the end of the time period, immediately cap the weighing bottles and place the bottles
and filter paper in adesiccator until cooled to room temperature.

Once at room temperature, weigh the weighing bottles, covers, and filter paper to the
nearest 0.1 mg. Thisisyour W2 weight. Return to the desiccator until ready to use.
After the minimum 20 hour time period (11.6), immediately remove the sample
containers from the oven and filter in afume hood.

Againin duplicate, place aglass funnel in the toluene waste beaker. A ring stand may be
needed.

Place the pre-weighed filter paper in each funnel. Use a small amount of clean reagent
grade toluene to secure the filter placement. Thisis done by pouring the solvent down
the sides of the funnel/filter paper.

Pour contents of the sample containers into the funnel/filter paper setups.

Rinse the sample containers and filter paper again with clean solvent. A reagent grade
toluene filled squeeze bottle is convenient.

Place the filter paper and residuesin their origina weighing bottles.

Place the weighing bottles and their covers side by side in an oven at 105°C.

Allow the samples to dry at least four hours, until a constant weight is achieved.



11.22 At theend of thistime period, cap the weighing bottles and place in a desiccator until
cooled to room temperature.

11.23 Weigh the samples and weighing jars to the nearest 0.1 mg. Thisisyour W3 weight.

12.0 Calculations
(W3-W2) x 100 = % Crosslinked Material
w1

Where W1 = Weight of the original sample in grams.
W2 = Weight of the weighing bottle, cover, and dried filter paper in grams.
W3 = Weight of the weighing bottle, cover, dried filter paper, and dried residue.

13.0 Cleanup/Waste Disposal

13.1 Tolueneisaflammable chemical and should be disposed of accordingly. Be sure

to wear safety glasses, gloves, and arespirator when disposing of this chemical.



