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PROCESS FOR THE PRODUCTION OF CROSSLINKED POLYMER COMPRISING LOW VOC-PRODUCING
SILANE CROSSLINKER AND RESULTING CROSSLINKED POLYMER

CROSS-REFERENCE TO RELATED APPLICATION

The present invention claims priority to U.S. provisional application Serial No.
60/651,112 filed on February 8, 2005, the contents of which are incorporated by

reference herein.
BACKGROUND OF THE INVENTION

The use of alkoxy-functional silanes for the crosslinking of polymers, especially for
the production of pipes, foams, wires and cables, and heat-shrinkable tubing, results in
the release of alcohol upon the hydrolysis of the silane. This alcohol is typically
methanol or ethanol, and can pose environmental, health, and safety concerns. As the
emission of volatile organic compounds (VOCs) becomes more tightly regulated,
compounders and pipe, foam, tubing, wire and cable producers are many times forced
to reduce production, install recovery or remediation equipment, or use special
engineering controls to meet new, stricter emission limits as well as mitigate
explosions or flammability hazards. As an example, potable water pipe manufactures
are facing increasing limitations on allowable methanol content in as-produced pipes.
These producers need a more cost-effective way to reduce the presence and emission

of VOCs from their processes that employ conventional silanes.

Silanes are commonly employed as crosslinkers for the production of PEX-b pipe
(silane crosslinked polyethylene), wire coatings, insulation jacketing for low- and
medium-voltage cables, foams for insulation, and heat shrinkable products such as
tubing. The silane is typically used in conjunction with a peroxide, which is used to
effect grafting of the silane onto the polymer it will be crosslinking. Other additives,
such as anti-oxidants, méfal_de—activators, condensation catalysts and so forth can also

be included.
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The most commonly employed silanes are vinyl-functional silanes with
vinyltrimethoxy silane being the most prevalent. The production of crosslinked
polymers involves grafting the silane onto the polymer and hydrolysis and
condensation of the silane to provide crosslinked polymers. The grafting reaction is
typically performed in a single screw extruder, while the hydrolysis/condensation
reaction can be done under a variety of conditions, including exposure to moisture
under ambient conditions, exposure to hot water via submersion of the grafted resin,
or exposure to steam. In the production of potable water pipes, for example, hot water
is circulated through the extruded pipe to complete the crosslinking. The circulation
of hot water for an extended period also helps to remove the by-product methanol that
is generated during the crosslinking. It is necessary to circulate water through the

pipes until the methanol levels have decreased below allowable limits.

Silane crosslinking of polymers can lead to many improvements in chemical
resistance, abrasion resistance, high temperature deformation resistance, wet and dry
electrical properties, scratch resistance, tensile strength, flexural strength, creep, stress
rupture properties, memory effect, impact strength, resistance to ageing, reduced drip

phenomena, and other mechanical properties.
BRIEF DESCRIPTION OF THE INVENTION

In accordance with the present invention, a process is provided for crosslinking a

polymer which comprises:

a) introducing into the structure of thermoplastic polymer to be crosslinked under
substantially anhydrous conditions a silane which, upon hydrolysis of its hydrolyzable
sites, produces a reduced amount of volatile organic compound compared to that
produced by the hydrolysis of a silane possessing an equivalent number, per mole, of

hydrolyzable sites all of which are hydrolyzable alkoxy groups; and,

b) crosslinking the polymer by exposure of the polymer to hydrolysis/condensation

conditions, optionally, in the presence of a hydrolysis/condensation catalyst.
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The subject invention also includes the crosslinked polymer resulting from the

aforesaid crosslinking process and products fabricated therefrom.

The silane employed in the process of this invention achieves crosslinking in a similar
fashion to the silane previously utilized for the crosslinking of polymers but has the
advantage of producing no significant amount of VOCs with consequent benefits for
health and safety concerns of the work environment. Further, the silane used in the
present invention reduces the need for recovery and remediation equipment and use of
special engineering controls to meet new, stricter emission limits as well as mitigate
explosion, flammability, and health hazards. Accordingly, use of the silane in the
process of the present invention results in significant economic benefits as well as
compared to known polymer crosslinking processes which utilize VOC producing

silane.

The expression “volatile organic compound” (VOC) as used herein shall be
understood to apply to and designate substantially pure organic compounds that are
volatile per EPA (Environmental Protection Agency) method 24 for the United States
or do not meet specific criteria established for countries within Europe with respect to
vapor pressure or boiling point or are cited as VOCs in European Union Directive
2004/42/EC. Specific examples for such VOCs include methanol, ethanol, propanol,

isopropanol, acetoxysilanes, etc.

Various other features, aspects and advantages of the present invention, will become

more apparent with reference to the following description and appended claims.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a chart illustrating the percent gel content of Examples 23-30 and
Comparative Examples 11-14.

Figure 2 is a chart illustrating the tensile stress at break of Examples 23-30 and
Comparative Examples 11-14.

Figure 3 is a chart illustrating the percentage elongation at break of Example 23-30
and Comparative Examples 11-14.



