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l. Construction and encapsulation of solar panels with cross linked EVA-
sheets

Vacuum-laminated Si-wafers are the most common solar panel used as building
materials. In free standing solar frame modules, the high sensitive solar cells must
be sufficiently protected from mechanical damage and climate influences. Such
panels are constructed with special light transmitted front glass with reduced
Fe203 content, EVA-XL encapsulated solar waver and rear glass /aluminium film.
Each of these components must fulfil strictly long life time guarantee of more then
20 years.

General manufacturing steps of solar module lamination process:

Connection of single solar cells as so called solar cell strings

Preparation and positioning of a 450 micron EVA-sheet as back layer on the
rear glass

Positioning of the solar strings on the EVA sheet and covering these strings with
another EVA-film

Lay up of the front glass

Vacuum Lamination and Crosslinking of the EVA-sheets at 150C -180<C,
temperature and time depends on peroxide types

Installation and casting of connector boxes

Figure I: Solar Cell construction
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Requirements of crosslinked EVA-sheets used in photovoltaic
applications - crosslinking with organic peroxide S

Crosslinking processes with different elastomers, especially EPDM, EPM, NBR,
EVA has been well known for many years.

The extrusion process is one of the most common methods to manufacture
continuously versatile products. Unlikely many other extruded compounds, the solar
panel encapsulation EVA must have high transparency and light transmission,
hydrolysis resistance and creeping resistance. The wave length range of

360 - 900 nm meets high photon transmission and can be achieved by increased
content of vinyl actetate as well as high purity of peroxides and other additives.

Other polymers which may fulfil all these technical requirements are more
expensive or difficult to apply. 25 years of life time at 80% wattage can be
guaranteed. Crosslinking Peroxides, adhesive promoters (silanes), UV-stabilizer
and other coagents like TAIC (tirallylisocanurate) must have colourless and high
transparent properties without any yellowing or hazing.

Hydrolysis resistance and thermal long term stability can be achieved by chemical
crosslinking with organic peroxides.

All these ingredients must be homogenized with EVA and peroxides and should not
show any decomposition before the extruded films are applied in the vacuum
lamination process. The logistic chain to the end user can require thermal stability
of the uncrosslinked coiled EVA-layers for weeks. The crosslinking reaction has to
take place during vacuum lamination at approximately 150 - 180 depending on
type of peroxide, but should make fast progress to the final crosslinking rate to
avoid bubble generation by decomposition gases and also to reduce cycle times.

All this requirements can be optimized by choosing the right type of peroxide or
also combine different types of peroxides as well.
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I"l.

Thermal decomposition and crosslinking reactio n

Decomposition of TBPEHC
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Figure II: Thermal decomposition of Tert.Butylperoxy(2-ethylhexyl)carbonate
(CAS 34443-12-4)
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a)

Radical source through thermal decomposition

RO—OR — = 2 RO-

b) H-abstraction and generation of volatile decomposition products

RO: + SN SN —=  ROH + NN
H

2

recombination of polymer radicals

—_— |
C

Figure IlI: crosslinking reaction with polyolefins

Suitable Peroxides

Any selection of suitable peroxides is limited by their crosslinking speed,
transparency and discolouration of their decomposition products due to their

chemi

cal structure. Only non aromatic ,liquid types with highest possible purity and

sufficient crosslinking speed between 130 and 180C can meet these requirements.

Crosslinking Efficiency
product- |formula / chemical name Aktiv | SADT | speed Mmax
name - [T] |t90 /Temp. [Nm]

oxyg [min / C] at 1.5%
en Dosage
MW [%]
CHs O—0O—C(CHa)3
TMCH 0—0—C(CHa)s
10,37 | 60 6 /150 1.7
CHf CHs
302,4
1.1-Di(tert.butylperoxy)-3.3.5-trimethylcyclohexane
CHy
H,C~CH; ¢—0—0—C—0~CH; CH—CHz~CH;~CH;CH,
TAPEHC CH, CH,
CH, 6,15 | 50 8/150 2.2
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Tert.Amylperoxyisopropylcarbonate 260,4
TBPIN ?H3 ICI) (I':H3 (I'IH3
H,C—C—0~0~C—CH,—C—CH,—C—CH, 6.88 | 60 6/ 150 15
CH, H CH,
Tert. Butylperisonanoat
9
H,C—C—0—0—C—0—CH,—CH-CH,—CH,—CH,—CH,
TBPEHC I I 6.43 70 11/150 3.0
CH, C,Hs
Tert.Butylperoxyisopropylcarbonate 246,4
ST L
pHBp | RCTETOTOTETORACHTCTOTOTETC | 99 | 140 71180 3.7
CH, CH, CH, CH, > 20/150
2,5-Dimethyl-2,5-di(tert.butylperoxy)hexan 230.4
Figure IV: possible liquide peroxides , established standard grades DHBP,
TBPEHC
Basic-recipe of transparent EVA-sheets
EVA-copolymere blends [Elvax®, DuPont] 100.0
Peroxides DHBP and/or TBPEHC [United Initiators] 15
Antioxidants [Ciba] 0.2
UV-Stabiliser combination [Ciba] 0.1-0.5
Silanes [Ethoxysilanes, Evonik] 0.3
Coagent [TAICROS® Evonik] 0.2-0.7

Due to the low softening point (below 100C) of suc h special EVA types different

peroxides can be used because sufficient thermal stability during extrusion
processes.

TBPEHC can be seen as the most suitable peroxide on
considerations of efficiency, XL-speed, safe handli
stability!

Optimized recipes can be achieved with coagents TAC and TAIC

the market under all
ng, purity and storage

(Triallylcayanurate, Triallylisocyanurate) to improve crosslinking density and speed
up crosslinking reaction.
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Control of Crosslinking Rate

Thermal long term properties like creeping resistance can only being achieved by
sufficient crosslinking rates of more then 70%. Classical methods of determination
such values are Xylene-extraction of uncrosslinked polymers or easier and faster
measurements of kinetic reaction data by oscillating disc/plate rheometers.
Rheometric measurements can also give a deeper view to an ongoing XL-reaction
relating scorch time and final approach of maximum torque.

ELVAX PV 1400, Visco-Elastograph at 180°C
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Figure V: Influence of peroxide dosage on crosslinking rate, comparison of

TBPEHC verse DHBP compounded with a Photovoltaic-Standard EVA PV-
1400 of the company DuPont at 180C, Measurements t aken with Goettfert
Viscoelastographe (sheer angel 0.3°, frequency 0.8 33 Hz)

TBPEHC and DHBP are standard peroxides in the process of vacuum lamination of
solar wavers. TBPEHC can shorten cycle times significantly and may also be used
as starter component together with DHBP.

V.  Manufacturing of Compounds

Twin screw extruders are the most common compounding machinery used in
plastics and elastomeric industries. Those production lines are also used for
manufacturing of Photovoltaic encapsulation compounds with special EVA-grades.

Based on liquid peroxide types different processes can be put into practice.. Under

consideration of safety aspects, handling and dosing as well as efficiency and
costs, three methods are recommended:
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a) Continuous manufacturing of peroxide/EVA-compounds by Injection of liquid
peroxides directly into the metering zone or feeding section/hopper of the
extruder

b) Injection of liquid peroxides directly into a synchronised dynamic blender over the
feeding section, homogenizing continuously EVA with peroxide

C) Batch wise Injection /spraying of liquid peroxides on EVA in a ribbon blender.
Compounding temperature can be increased below flashpoint to improve diffusion
of peroxide into the EVA-granules and to get a more homogenous material.

Figure VI : Extrusion line with general variations of peroxide dosing

Suppliers of machineries

- Berstorff GmbH, Hannover : twin screw extruders and compounding lines

- BKG GmbH, Minster , peletizer, cutter machineries
Gala GmbH, Xanten

- Brabender KG, Duisburg : dosing and feeding systems for solid and liquid raw
materials
- LEWA GmbH, Leonberg : dosing systems for organic peroxides
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VI.

Supplier of raw materials

: ®
- DuPont: Ethylenevinylacetate , ELVAX

(Tedlar® and Elvax® are registered trademarks or trademarks of E.l. du Pont de Nemours and Company or its affiliates.)

- Ciba Geigy UV-Stabilisers, Antioxidants
: , , ®
- Evonik adhesive promoter Silanes, Coagents TAICROS
- United Initiators Peroxides
Safety Aspects

Detailed advice about safe handling of organic peroxides is given in our brochure
»Organic Peroxides-General Information, Safe Handling” on our web page or directly
from our safety experts. Some engineering details , however, should be noted:

Peroxides, in general have to be stored in original containers. Large quantities should be
stored in separate rooms or buildings.

At the production site, only original containers or supply containers with pressure relief
should be used.

In case of direct dosage the following safety aspects must be noted:
Ventilation system for the dosage device

Suitable material of pump, sealings, pipe etc. has to be applied (e.g. Teflon, PE,
stainless steel...)

Stop of pumping has to be guaranteed in case of a stop of the extruder drive
Ex type electrical fittings are essential

Cooling of the feed system may be necessary if temperatures above 70C may me
reached in the feed line .

Feed line must have a non return valve between storage tank and pump

Contamination of peroxide has to be avoided. Peroxide residues should never be
returned to the supply container or further storage.

Peroxide waste is most suitably destroyed by burning of diluted material (below 10%
active oxygen) in accordance of local authorities. Suitable diluents are: long chain inert
hydrocarbons, low volatile alcohols (glycols) and esters (phthalates) or fuels.
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Contact:

United Initiators GmbH & Co. KG
Dr.-Gustav-Adolph-Stral3e 3
D-82049 Pullach

Tel: + 4989 74422 237

Fax: + 49 89 74422 6237

http://www.united-initiators.com
Email: cs-initiators.eu@united-in.com

Disclaimer

This information and all further technical advice are reflecting our present knowledge and experience based
on internal tests with local raw materials with the purpose to inform about our products and applications. The
information should not be construed as guaranteeing specific properties of products described or their
suitability for a particular application, nor as providing complete instructions for use. The information implies
no guarantee for product and shelf life properties, nor any liability or other legal responsibility on our part,
including with regard to existing third party intellectual property rights, especially patent rights. We reserve the
right to make any changes according to technological progress or further developments.

Application and usage of our products based on our technical advice is out of our control and sole
responsibility of the user. The user is not released from the obligation to conduct careful inspection and
testing of incoming goods in order to verify the suitability for the intended application.

Rev. 0/07.09
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