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As a leading manufacturer of adhesives and sealants for the Glass,
Transportation and Construction industry, as well as for Photovoltaic and
Solar thermal, KOMMERLING again attended this year's Glass
Performance Days in Tampere.

From June, 12th -15th industry decision makers, experts and architects
from almost 60 countries came together to inform about the development of
the global glass industry.

Ernst Semar, Head of Product Management at KOMMERLING
CHEMISCHE FABRIK GMBH, gave an overview about the adhesive and
sealant requirements when used for the assembly of PV modules. Also
convincing solutions for the growing interest to seal PV modules (especially
TF, Thin Film modules) against moisture ingress were pointed out. He
presented solutions for the edge sealing of thin film modules and a
lamination free module version which is known as “multilayer” among
experts.

In the field of Building Integrated PhotoVoltaics Ernst Semar reported about
the option to combine PV modules with insulating glass technology - in
particular an easy way to pass the electrical ribbons via the edge of
modules and the compatibility of the used components.
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Please find the paper abstract of Ernst Semar’s presentation from Glass

Performance Days in Tampere in the following.
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Abstract

This paper provides an outline of the requirements for sealants and adhesives which are used for the
assembly of PV modules based on various designs including lamination or multilayer technology. Also
convincing solutions for the growing interest to seal PV modules (especially TF, Thin Film modules)
against moisture ingress are presented.

In the field of BIPV (Building Integrated Photovoltaics) the paper discusses the option to combine PV
modules with insulating glass technology - in particular an easy way to pass the electrical ribbons via
the edge of modules and the compatibility of the used components.

Introduction
Especially the long term stability (efficiency rate) of TF modules depends on the tightness against
moisture. These TF modules can be built up in substrate - or superstrate configuration depending on
the type of semiconductor.
Substrate configuration

o CIGS solar cells
Superstrate configuration

o CdTe solar cells

o a-Sisolar cells

o a-Si/uc-Si solar cells
The parts in focus are the TCO (Transparent Conducting Oxide) and the semiconductor itself each of
which is more or less sensitive to moisture. Therefore one key feature for every PV module is water

vapour impermeability which should provide more than 20 years of durability. A second other key
feature is the respective compatibility of all the used materials.

A typical design of a TF module

A superstrate configuration comprises of a front glass sheet with the TCO and the semiconductor
combined with a back sheet which could be a second glass sheet or a plastic film. The front glass and
the back sheet are bonded with a lamination film. The films used are usually not tight enough to
prevent moisture vapour penetration.
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Figure 1:
Typical design of a TF module + moisture protection

How can we realize a good moisture barrier?

The moisture vapour ingress of a sealed system depends on the properties of the sealant (bulk) itself
and the tightness of the boundary layer between the sealant (bulk) and the substrate.

Back Sheet

Laminating film

< Semiconductor

+— Glass

Edge Sealant (Bulk)

Boundary Layer

Figure 2:
Edge area of a TF module
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If we look to the bulk we have to differentiate between water tightness and moisture vapour tightness.
These are two completely different properties. Everybody knows that a silicone is tight to water but
how does it respond to moisture vapour? The MVTR (Moisture Vapour Transmission Rate) of silicone
is approx. 20 g/(m2d) measured according the EN 1279 part 4 — this is a very high figure for elastic or
plastic materials. The typically used lamination films are better but not good enough to protect the
semiconductor and the TCO. The sealants with the best MVTR are PIB (Polyisobutylene) based
materials, which provide less than 0.01 g/(m2d) moisture penetration rate. That means there is a factor
of 2000 between silicone and PIB. With special formulations the ratio can be additionally improved.
But as mentioned it is also necessary to close the boundary layer in order to get a real moisture
vapour barrier. To achieve this the surface must be absolutely clean in particular after the edge
deletion (sandblasted or with laser) of the glass sheets. The proper wet out and the adhesion of the
sealant has to be tested before starting the mass production.

Another point is the correct application of the sealant. The process parameters should be defined
together with the sealant supplier and must fit to the individual design of the solar panel.

With PIB based sealants we have had excellent results after damp heat - and temperature cycling test.
Minimum 2 runs are possible and the testing is still ongoing. PIB based sealants are available in tape
form or in drums for hot melt application. The hot melt application in combination with the proper
dosing system offers a perfect wet out on the surface and narrow tolerances.

Compatibility of different materials

A further important issue is the compatibility of the different materials being used. In the case for a
typical solar panel this is the compatibility between lamination film, edge sealant, semiconductor and
framing materials. None of the components involved should be affected by any of the other
components in a way that detracts from its function in the system and the system should not be
affected by interactions of any of its components. Impact on the properties of either components or the
system are a result of migration of ingredients of one component to another.

direct contact of A and B “migration from A into B

material B

migration of components from A into B

indirect contact of A and B “migration from A, via C, into B*

material A material C material B

migration of components from A viaC into B

Figure 3: Migration process
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As shown in figure 3 there is not only a migration from A to B possible but also from A via C to B. That
means it is also necessary to investigate the indirect contact of materials. It is also strongly
recommended to review your design with respect to compatibility. If there is no clear answer
compatibility testing is absolutely necessary.

The sealing of the drilling holes for the electrical ribbons through the backside of the PV module has to
be considered under the same criteria of moisture vapour barrier and compatibility. For this application
we have also had good experiences with PIB based sealants.

Special requirements for BIPV

In the field of BIPV there are some more points to be considered as in standard PV applications. One
option of BIPV is to combine a PV element with an insulating glass. In this case it is necessary to
connect the ribbons via the edge sealant of the module. Multi-layer technology offers new possibilities
to the PV industry for the module design (crystalline as well as thin film). Multi-layer means to extrude
a first bead of PIB, positioning of the ribbons and then the application of a second bead of PIB. The
PIB provides the tightness to moisture vapour and the silicone ensures the mechanical stability. This
technology is a smart solution to feed the ribbons through the edge of the module — perfect for BIPV.

In figure 4 a multi layer module is shown without a lamination film. Therefore we need a structural
silicone for bonding the two glass sheets together. This technology has the big advantage that there is
nearly no limitation in the size of the PV element and you can produce the PV module integrated into
an insulating glass unit on the same production line.

Seite 4 von 6



Modified Butyl

¥~ Structural Silicone

S

Figure 4:
Multi-layer technology in combination with crystalline cells

Compatibility is a key issue when insulating glass is used as one of the combination elements. In this
case there are several materials from the PV module and the insulating glass unit in combination. In
parallel the performance of the insulation and the efficiency ratio have to be insured for long time. The
sealants and adhesives used must maintain their function for long periods of time under the influence
of heat, UV, humidity, oxygen and aggressive trace gases in the air.
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Figure 5:
Multi-layer technology PV module from Apollon Solar

Conclusions

A wide range of technologies in the field of functional organic materials for bonding, sealing and
insulation are necessary to fulfil the specific needs of the PV industry. These technologies are the key
to the successful design, production and marketing of solar panels. The different systems should be
compatible to each other with regard to processing and product design.

In the area of panel sealing, the focus is on the protection of components against ageing and
functional losses due to environmental factors. Sealing technology specially designed for solar panels
will largely prevent the ingress of liquids and suspended particles and will also reduce the diffusion of
gaseous elements of the air like water vapour, oxygen, nitrogen and sulphur oxides.

To achieve this, the permeability of the materials has to be as low as possible but also wetting on the
surfaces of the contact materials has to be efficient, in order to prevent diffusion along the interfaces.

Liquid application of the systems allows perfect degrees of freedom in design and assures robustness
of the application and function.

With regard to any temperature stresses that may occur, the technologies must allow for the
compensation of the different thermal extensions of the materials, thereby avoiding tension peaks.

Sealants must maintain their function over very long periods of time under the influence of heat, UV,
humidity, oxygen and aggressive gases in the air and in contact with other materials. To ensure their
long service, accurate analysis, intensive systematic investigation and years of experience is required
from the sealant and adhesive supplier.
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