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e Products and markets
e Opportunities for manufacturing alternatives
e Development of low energy lamination

e Rapid prototyping applications
e Conclusions
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> World laminated flat glass market is $11.7B, USA $2.7B
» Growth (7-8%) driven by solar, security and safety applications, regulations
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Architectural Glass

Auto Safety Glass

Hurricane and Seismic Protection Glass
Aerospace and Marine Glass and Composites
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Downward price pressure on laminated photovoltaic (PV) panels
Growth of transparent armor markets

Government vehicle ejection regulations for side windows
Energy Costs

Commodity pricing
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Laminators use 3 main types of interlayers
e Polyvinyl butyral (PVB) - !
e Clear, printed
e Ethylene vinyl acetate (EVA) —
e Clear, colored, opaque
e Thermoplastic Polyurethane (TPU) -

Flat, curved, textured, or tempered glass

Processing requires

e Pre-processing rolling (de-airing)
e Autoclave (PVB, TPU)

e Vacuum oven (EVA)

Large batches, 1 to 6 hour processes
Slow process development
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RF (1 to 300 MHz) dielectrically heats materials
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»  Cuts energy up to 6+7

»  Heat interlayer directly

»  No Autoclave or Vacuum Oven

»  Existing RF Press Equipment

>  Apply pressure

» Fast process development -

50+ experiments in 1 day B
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Autoglass
Multilayer armor
Dissimilar Materials
Interlayer inserts
Decorative Films
Solar Cells
Colored and Printed Interlayers
Metallized glass
Plastics
Ceramics
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e RF Power
e Time
e Pressure
e Area

10 to 20 Watts/cm?
10 to 120 seconds
20 to 350 PSI

100 to 1000 cm?
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DuPont
Butacite® 89
in tinted glass

Solutia Saflex®
89 in clear and SentryGlass®
tinted glass 89
in clear glass
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Hi-Tech Transparent Armor Protection
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e Glass is metallized on one side for tinting, IR reflection
e Concern that metal will shield vinyl from RF

e Capacitive coupling transmits RF across metal layers

e Low-E Glass was laminated with EVA

e Conductive material a success - Photovoltaics next?
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e Solar cells cover part or all of glass area

e Single and Polycrystalline Si laminated




Solar cell laminated with RF Press
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Energy consumption of process
Increases linearly with area

Larger generator required for
larger laminate area
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US Department of Energy sponsored for significant energy savings

Method offers significant time savings -
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RF lamination proven successful
for variety of materials

Ceralink offers feasibility testing

Equipment through strategic partner

Licensing and/or partnering to
commercialize specific applications
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Sr. Materials Engineer
(518) 283-7733
shawn@ceralink.com
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