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I. INTRODUCTION

As we prepare to enter a new decade, the use of ultraviolet (UV) energy to initiate the
polymerization of coatings in the wide web segment of the Converting industry continues
to increase. As is typical in the Converting industry, while many of the significant
advances in technology have been developed around the world, they have been driven
initially by the Western European markets. This was true with regards to the introduction
of water-borne Pressure Sensitive Adhesives and thermal curing 100% solids silicone
release coatings during the late 1970s and early 1980s, but this trend has changed with
regards to the current state-of-the-art in UV curing.

II. THE KEY WIDE WEB APPLICATIONS

The Converting markets may be categorized as either maturing or emerging. It should be
noted that no Converting market has really reached full maturity, although some of the
processes continue to evolve. Examples of maturing markets are the Silicone Release
market for the pressure sensitive tape and label industry and the protective coatings that
are used in both the Flooring and Solar/Security Window Film industries. Advances in
raw materials and process control continue to open the door for new applications and
product improvements within these industries.

UV curable Pressure Sensitive Adhesives (UVPSA), Top Coatings (UVTC) for ink
receptivity, protective coatings for decorative furniture foils and vinyl substrates are all
examples of new or emerging market opportunities for this curing technology. While
there are some obvious reasons that UV curing is beneficial as a process, the reasons for
its acceptance into each of these markets may be different, and we shall examine each of
these areas in more detail.

Silicone Release Coatings

Radiation curable silicone release coatings were first introduced to the pressure sensitive
tape and label industry during the late 1980s. These systems have been widely accepted
throughout Europe and North America in applications that incorporate film substrates.
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UV curable release coatings often provide the best combination of dimensional stability,
speed of cure, degree of cure, and adhesion when working with heat-sensitive film
substrates.

Three very significant trends have developed during the past 4-5 years in the Release
Coating industry with regard to the UV curable systems. First, there has been explosive
growth in the use of these systems during this time period. The volume is still quite low
when compared to the total number of tons of solvent-based release coatings that are sold
per year, but the annual growth for UV systems is high. Historically, the dominating
suppliers to this industry have been General Electric Silicones (USA) and Th.
Goldschmidt (Germany), and Shin Etsu (Japan) has played a lesser role in this market.
Within the past couple of years, both GES (in Europe) and Goldschmidt (in the USA)
have installed manufacturing facilities to better serve their growing overseas markets.
GES also has manufacturing capabilities in Japan for the Pacific Rim markets. There has
also been a significant commitment made by the French silicone supplier Rhodia
(formerly Rhone-Poulenc Silicones) with the introduction of their cationic product
offerings during the past 2 years. All of these companies are experiencing significant
annual growth.

The second significant market trend has been the emergence of UV rather than EB curing
as the preferred technology for radiation curing. There have been no more than 2 new
wide web EB installations for curing silicone release coatings during the last 3 years. On
the other hand, there are 6-10 new UV installations in any given year in this market.
Included in this number are retrofits of UV onto existing machines. One reason for this
trend was the historically higher capital cost of the EB curing equipment. Also, UV
silicones were typically used to manufacture high-value products in lower volume
applications. This means that there was short runs and numerous changes of substrates
and formulation. The cost of the UV equipment has always been easier to justify under
these conditions. Finally, there was an American converter that made a rather significant
investment in EB that was a commercial disaster during the early 1990s. This high
profile venture was a major set back for EB in the Release market. In spite of the above,
there is a small group of large converters that are currently successfully producing EB
release liners in addition to their UV and thermal curing products.

The third significant market trend has been the incredible shift by the industry in
accepting inerting as a viable aspect of the curing process. As recently as 3 years ago,
only 15-20% of all new wide-medium web UV installations purchased by the Release
industry allowed for the ability to cure in an inert atmosphere. Today, 80-85% of these
systems are supplied with inerting capability. This is a very significant shift in thinking
for an industry that is traditionally conservative. This can be attributed to better
mechanical designs that have reduced the nitrogen consumption when running at
increasingly higher line speeds. There have also been significant advances in the free
radical curing polymer systems. Additional photoinitiator options are now available. As
competition mounts in the market, converters have realized that it is critical to their long-
term success to have the ability to run any of the silicone systems that are available, and
they can choose the most appropriate system for any given application.
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Flooring

UV curable coatings have been used in the manufacturing of premium grade vinyl sheet
and tile products for a number of years. The UV curable resin systems provide superior
stain and abrasion resistance that is required of the high performance flooring products.
A subject within this industry that is receiving significant focus at this time is the control
of surface gloss. Historically, the European market has demanded products that have low
surface gloss and the North American market has preferred high surface gloss.
Interestingly, there has been a shift in both of these markets during the past 2 years.
There is a stronger desire by the European consumers to purchase higher gloss products
while the North American consumers are becoming interested in the softer appearance
that the low gloss products yield. There is also an increasing interest in the low gloss
products in the Korean market. This shift in the product's aesthetic requirements
continues to evolve, and it necessitates that the manufacturing process become as flexible
as possible. Many of the European manufacturers have evaluated the practice of nitrogen
inerting that is used to achieve superior surface properties. The North American
manufacturers, on the other hand, are evaluating the various methods for achieving lower
surface gloss. One such method involves the addition of a flatting agent, such as fumed
silica, in the formulation and the use of multiple UV bulb spectra. Another common
method of gloss control involves the use of water-borne, UV curable formulations that
inherently yield lower surface gloss than conventional coatings that are used in this
industry.

UV Top Coats

With the increasing use of film facestocks in the pressure sensitive label industry, a new
UV opportunity is emerging. The surface of a film is extremely smooth, and it is often
necessary to apply an ink receptive coating, or top coat to plastic films to improve the
adhesion and resistance to smearing by providing a rougher surface topography. These
top coats have traditionally been solvent-borne formulations. The use of solvent-borne
formulations is obviously being discouraged in many parts of the world., and the thermal
evaporation of the carrier solvent can distort the heat sensitive film substrates. Several
converters in Europe and North America have developed propriety UV curable
formulations for this application. As the larger converters continue developing products
based on this technology, it will present a good opportunity for formulators. The smaller
converters may not have the internal Research resources to develop such coatings.

Protective Coatings for Vinyl Substrates

There are various applications that utilize vinyl film as the substrate and requires a
protective coating. The function of the coating may be to provide abrasion, stain,
chemical, or water resistance. These applications typically have an additional
requirement that significantly complicates the matter for the formulator. The end-use
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generally requires that the coating be somewhat flexible. One such application is seat
covers for automobiles and buses. The vinyl may be printed for some applications. For
example, the manufacturing of low cost vinyl tablecloths is a very demanding
application. The coating serves to protect the integrity of the print from abrasion and
stains, but it must be flexible enough to endure the repeated folding and unfolding that
such an item sees during its useful life. These tablecloths are often washed with cleaning
products, and the coating must protect the print from these cleaning chemicals.

UV Pressure Sensitive Adhesives

Perhaps the greatest long-term wide web Converting opportunity for UV curing
technology is for PSA. UVPS As are unlike any other UV curable coatings. It is
normally desirable to maximize the degree of crosslinking within a cured coating. This is
not the case when curing a UVPSA. The surface of a PSA is "softer" than that of other
"cured" UV coatings. The soft surface results in a measure of cold flow that allows the
adhesive to form a controlled intimate bond with the substrate during the end-use
application. The balance of the adhesive and the cohesive strength within the cured
coating is critical to the performance of the UVPSA, and the UV energy must be
delivered to the wet film in a controlled and efficient fashion. The degree of
crosslinking, or the cure of UVPSA formulations based on different raw materials can be
affected by the irradiance delivered by the UV lamp system. The UVPSA must be
carefully screened to ensure that the UV energy is delivered to the adhesive in the most
consistent and efficient manner to provide the desired performance properties.
Compatibility of the UVPSA and the silicone release system must also be properly
evaluated. This would be particularly important if trying to produce a construction with a
UVPSA and a UV cured silicone release coating.

There is some specific niche applications for UVPSA in the label markets where heat,
chemical, and water resistance are required. These include drum labels, chemical and
pesticides, and under-hood automotive applications. The most significant market
opportunity will for the replacement of solvent-based acrylic PSA in the high
performance Tape markets. It is likely that this technology will not develop as a retrofit
market on existing machines that are designed to coat solvent systems. The more likely
scenario is that UV will be receive strong consideration by converters at the point in time
when they are preparing specifications for new machines.

III. WHAT DOES THE FUTURE HOLD?

It is likely that the process and product performance benefits of nitrogen inerting will
become better understood and characterized for a wider range of Converting applications.
These advantages could be in the form of faster cure rates, higher degree of cure, or
superior surface cure. As a result of this, there will be further advances made in the
mechanical designs of the UV curing systems. These advances will developed to try to
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further reduce the nitrogen consumption that will be required to reach the desired oxygen
exclusion levels for a given process.

The functionalized silicone polymer systems will continue to evolve for the Release
Coating market. Of extreme interest at this time is the compatibility with these systems
with water-borne acrylic PSA for tandem coating processes. While one of the
commercially silicone systems has been demonstrated to work in this application and will
certainly become more widely utilized as a commercial process, further developments are
sure to occur. On a related note, it is inevitable that there will be interest in the concept
of designing a very compact tandem coating machine that is based totally on the UV
curing platform for both the PSA and Release. Such a machine would be built with no
thermal dryers. It may be possible to install two of these machines in the floor space that
is currently required for a single machine.

Further developments and advances in this technology will ultimately be driven by the
changing needs of the market. It is critical that customers and their suppliers establish a
good dialogue so that the suppliers understand how to dedicate their Research and
Development resources.
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